
    
      Table 1 

      Priors used to generate and analyse the 1000 systems with circular orbits.

      
        


	Parameter
	Prior
	Values





	k
	Uniform [kmin, kmax]
	kmin = 0, kmax = 2



	A
	[image: equation]
	σA = 1.5 m s−1



	B
	[image: equation]
	σB = 1.5 m s−1



	C
	[image: equation]
	σC = 1 m s−1



	P
	log-uniform on [Pmin, Pmax]
	Pmin = 1 5 Pmin =100





      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Fraction of events with probability pj where there actually was a planet injected as a function of pj. The colours blue, orange and green correspond to different, random choices of events with TIP pj.

      

    

  
    
      Table 2 

      Priors used for the computation of the FIP periodogram of HD 69830.

      
        


	Parameter
	Units
	Prior





	Ρ
	days
	log-uniform: [0.7, 10000]



	Κ
	m s−1
	log-uniform: [0.1, 20]



	e
	
	Beta: [0.867, 3.03](†)



	ω
	rad
	Uniform: [0, 2π]



	M0
	rad
	Uniform: [0, 2π]





      

      
References. (†)Kipping (2014).




    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        FIP periodogram of 190 HARPS measurements of HD 10180 computed with a log-uniform prior on semi-amplitude on [0.1, 20] m s−1. In blue: FIP periodogram for up to six planets; in pink: FIP periodogram for up to seven planets.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        FIP periodogram of 190 HARPS measurements of HD 10180 computed with a Gaussian mixture model linear parameters (two components with σ = 1 and 4ms). In blue: FIP periodogram for up to six planets; in pink: FIP periodogram for up to seven planets.

      

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        FIP periodogram of 190 HARPS measurements of HD 10180 computed with Gaussian mixture model linear parameters (two components with σ = 1 and 4 ms). In blue, pink, and green: FIP periodograms corresponding to different runs of calculations of posterior distributions of the parameters of a seven-planet model.

      

    

  
    
      Table 4 

      Parameters of the different runs of POLYCHORD on the HD 10180 dataset when using a Gaussian mixture prior on semi-amplitude.

      
        


	Planets
	log(Z)
	σlog(Z)
	PNP
	Runtime





	0
	−882.45
	0.23
	3.82e–108
	17 s



	1
	−839.36
	0.19
	1.08e–93
	1 min 56 s



	2
	−789.03
	0.24
	3.72e–76
	6 min 57 s



	3
	−736.95
	0.04
	1.19e–57
	17 min 39 s



	4
	−677.56
	0.15
	7.27e–36
	38 min 41 s



	5
	−603.42
	0.13
	1.12e–07
	1 h 33 min 31 s



	6
	−590.14
	0.30
	6.60e–02
	4 h 46 min 46 s



	7
	−587.49
	0.22
	9.34e-01
	14 h 59 min 57 s





      

      
Notes. For a given number of planets in the model (Col. (1)) we performed three runs. The other columns give the log Bayesian evidence (log(Z), median), the standard deviation of log(Z) amongst runs (σlog(Z)), the PNP, and the runtime.




    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Total number of mistakes on the number of planets (left) and number and period of planets (right) out of 1000 datasets with white noise (simulation 1, see Sect. 6.2.4) as a function of the detection threshold for different statistical significance metrics. From top to bottom: Periodogram + FAP, Periodogram + Bayes factor, ℓ1 periodogram + FAP, and FIP. The total number of false positives and false negatives are represented as light red and blue shaded areas. The false and missed detections are represented in orange and purple shaded areas, respectively. The minimum and maximum values of the detection threshold corresponding to the minimum number of mistakes are indicated with black lines.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        continued. Same quantities as above, for the detection criteria FIP periodogram + FAP (f1 and f2) and FIP periodogram + Bayes factor (g1 and g2).

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Number of mistakes as a function of the number of false detections (log scale) for the different detection methods. The number of mistakes is defined as the sum of missed true planets and false detections. The data corresponds to simulation 1 (see Sect. 6.2.4): a random number of planets equal to 0, 1, or 2; the noise is white and Gaussian with semi-amplitude to noise ratio of 3.5.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Total number of mistakes on the number of planets (left) and number and period of planets (right) out of 1000 datasets with correlated noise (simulation 2, see Sect. 6.2.5) as a function of the detection threshold for different statistical significance metrics. From top to bottom: Periodogram + FAP, Periodogram + Bayes factor, ℓ1 periodogram + FAP and FIP. The total number of false positives and false negatives are represented in light red and blue shaded areas. The false and missed detections are represented in orange and purple shaded areas, respectively. The minimum and maximum values of the detection threshold corresponding to the minimum number of mistakes are marked with black lines.

      

    

  
    
      Fig. 10 
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        continued. Same quantities as above, for the detection criteria FIP periodogram + FAP (f1 and f2) and FIP periodogram + Bayes factor (g1 and g2).

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Total number of mistakes (plain line) and total number of false detections (dashed lines) on 1000 simulated systems as a function of the threshold (from top to bottom: periodogram + BF, ℓ1 periodogram and BF, FIP) for different assumptions on the priors (see Sect. 6.3). In blue: correct priors (1.5–100 days log-uniform in period Rayleigh with σ = 1.5 ms−1 on K); in purple: 1.5–10 000 days log-uniform in period; in yellow: Rayleigh with σ = 3m s−1 on K; in red: log-uniform on [0.1, 10] m s−1 on K. The dashed lines represent the number of false detections as a function of the detection threshold and plain lines represent the total number of mistakes (false and missed detection) as a function of the threshold.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Number of mistakes (false detection + missed detections) as a function of the number of false detections obtained with the FIP for different priors. The plain lines represent the detections with the FIP and dashed lines with FIP periodograms + Bayes factor.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Logarithm (base 10) of Bayes factor comparing models with 1 vs. 0 (blue) and 2 vs. 1 (orange) planets computed on 1000 simulated RV time series (black points). In abscissa the Bayes factor is computed with correct priors. In ordinate, the Bayes factor is computed with identical priors except on period, where the prior width is log-uniform on [1.5, 10 000] days instead of [1.5, 100], The red line represents a linear regression.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Priors on semi-amplitude. The red, yellow, and blue curve correspond to Rayleigh priors with σ = 1.5, σ = 3m s−1, and log-uniform on [0.1 – 10]m s−1. The blue dotted line indicates the 0.1m s−1 limit. Shown is the ratio of log-uniform to Rayleigh priors (dashed lines), and of the 1.5 and 3 m s−1 Rayleigh priors (scale is on the right y-axis).

      

    

  
    
      Fig. 15 
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        Total number of false and missed detections (yellow and purple shaded areas, respectively) on 1000 systems as a function of the FIP threshold when selecting the noise model with a fit of the ancillary indicators.

      

    

  
    
      Fig. 16 
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        Total number of false and missed detections (yellow and purple shaded areas, respectively) on 1000 systems as a function of the FIP threshold when the noise model is free to vary.

      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Runtime comparisons with different assumptions on the model. Plotted are the red noise (blue), log Uniform prior on Κ (orange), and Gaussian mixture prior (green). The y-axis shows the ratio of the average time of the indicated configuration to the average time of the base model. Five independent runs were performed with each number of planets; the mean time is represented with plain lines and the standard deviation is represented as error bars.

      

    

  
    
      Fig. D.2 
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        Fraction of events with probability pj where there actually was a planet injected as a function of pj for the case with up to four planets.

      

    

  
    
      Fig. D.3 
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        Fraction of events with probability pj where there actually was a planet injected as a function of pj for the case with correlated noise.

      

    

  
    
      Fig. D.4 
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        Fraction of events with probability pj where there actually was a planet injected as a function of pj for the case with eccentric orbits and e generated from a Beta distribution with a = 0 and b = 15.

      

    

  
    
      Fig. D.5 

      
        [image: thumbnail]
      

      
        Fraction of events with probability pj where there actually was a planet injected as a function of pj for the case with eccentric orbits and e generated from a Beta distribution with a = 0.867 and b = 3.03, as in Kipping (2014).
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