
    
      Fig. 3 
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        Disk masses used in different theoretical planetary population synthesis works. Shaded regions or error bars show the 1σ scatter in the distributions. Log-uniform distributions are used to sample disk masses in all works except for Miguel et al. (2020) who draw from a linear-uniform distribution (1 × 10−4 M⊙ to 5 × 10−2 M⊙). They are also the only work which samples over stellar masses instead of using fixed values. Liu et al. (2020) prescribe stellar accretion rates as opposed to disk masses; the data shown here corresponds to integrating from time zero to 10 Myr. The “heavy disk” case of Alibert & Benz (2017, open-circle, scatter-omitted) draws disks with twice their nominal mass. Apart from this case, we show the distributions labeled as nominal by the respective authors. The disk masses used in this work are in agreement to previous assumptions.

      

    

  
    
      Fig. 5 
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        Fraction of disk-bearing stars as a function of time. Both observational data assembled by Richert et al. (2018), as well as the synthetic lifetimes for different stellar masses, are shown. The age determination of clusters is sensitive to the employed pre-main-sequence model. The observational data and an exponential fit to it is shown using the age scale from Siess et al. (2000) as well as fits to the same cluster data but using the dating of Feiden (2016) and the MIST collaboration (Choi et al. 2016).

      

    

  
    
      Fig. 7 
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        Synthetic populations of planets as a function of a and M with summed-up mass fraction of all ice species in the planetary core in color. Their NGPPS identifiers are NGM10, NGM14, NGM11, NGM12, and NG75. Some observed planets around very low-mass stars are shown (Anglada-Escudé et al. 2016; Morales et al. 2019; Agol et al. 2021). Planet masses increase with host star mass, but no giant planets occur for
M⋆ < 0.5 M⊙. The radial position where the tidal orbital decay timescale reaches 5 Gyr is indicated.

      

    

  
    
      Table 5 

      Mean eccentricities of different planetary types for all populations.

      
        


	
	Stellar mass (M⊙)



	
	




	Type
	0.1
	0.3
	0.5
	0.7
	1.0





	M > 1 M⊕
	0.07
	0.05
	0.04
	0.04
	0.04



	Earth-like
	0.07
	0.05
	0.04
	0.04
	0.04



	Super Earth
	0.08
	0.05
	0.04
	0.04
	0.03



	Neptunian
	0.08
	0.10
	0.10
	0.10
	0.09



	Sub-giant
	–
	0.05
	0.12
	0.16
	0.13



	Giant
	–
	0.01
	0.19
	0.14
	0.17



	Temperate zone
	0.11
	0.06
	0.04
	0.03
	0.02




      

    

  
    
      Table 6 

      Mean metallicity [Fe/H] of stars hosting specific categories of planets.

      
        


	
	Stellar mass (M⊙)



	
	




	Type
	0.1
	0.3
	0.5
	0.7
	1.0





	M > 1 M⊕
	0.10
	0.02
	0.00
	−0.01
	−0.01



	Earth-like
	0.04
	−0.01
	−0.03
	−0.03
	−0.04



	Super Earth
	0.16
	0.07
	0.03
	0.00
	−0.02



	Neptunian
	0.32
	0.15
	0.13
	0.10
	0.08



	Sub-giant
	–
	0.24
	0.23
	0.16
	0.11



	Giant
	–
	0.44
	0.17
	0.15
	0.14



	Temperate zone
	0.07
	0.00
	−0.03
	−0.05
	−0.09




      

    

  
    
      Fig. 10 
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        Kernel-density estimates of the close-in (P < 300 d) planetary mass distribution (top) and the planetary to stellar mass ratio (bottom) for populations of planets around different stellar masses. The bandwidth of the Gaussian kernel was chosen following the Normal reference rule (Scott 1992). Top panel: the population around solar-type stars is shown three times: once in full, once only including planets that started within (i.e., a(t = 0) < 2 au), respectively, outside 2 au. In the bottom panel, the break in the distribution at
qbr = 2.8 × 10−5
that was found by Pascucci et al. (2018) is depicted as a gray, vertical line.

      

    

  
    
      Fig. 11 
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        Populations of synthetic planets as a function of planet mass and transit radius. Only planets with orbital periods P < 300 d are included. The core ice mass fraction is shown in color and observational data from the NASA Exoplanet Archive (accessed 8.3.2021) is over-plotted in red for comparison.

      

    

  
    
      Fig. 12 
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        Occurrence rates (pocc = Nplanets∕Nsystems) of synthetic planets on orbits with periods P < 100 days as a function of their transit radii. The data is binned and bin centers are connected and marked with squares for better visibility.

      

    

  
    
      Fig. 13 
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        Synthetic populations of planets calculated in single-embryo mode with reduced type I migration (fI : 0.1) as a function of a and M. The mass fraction of the summed-up ices is shown in color. The top panel shows the population of planets with a nominal planetesimal surface density slope βpls, whereas the other two panels have steeper planetesimal surface density slopes as indicated in the top left of the panel. The bottompanel displays the population of planets, where embryos and planetesimals are only placed outside of 0.6 au.

      

    

  
    
      Fig. 14 
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        Massand semi-major axes of the populations around 0.1 M⊙ and 1.0 M⊙ after 1 Myr of evolution. The normalized migration rate is colored and larger dots denote gap-opening planets that migrate in the type II regime.

      

    

  
    
      Fig. 15 
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        Mean distance between all neighboring planets in a system measured in mutual Hill radii (Chambers et al. 1996). The initial placement corresponds to the dotted lines and the resulting values are shown using a solid line. The number of injected embryos for the population of planets around 0.1 M⊙ stars is 50, whereas we insert 100 embryos for this population of planets around 1.0 M⊙ stars.

      

    

  
    
      Fig. 16 
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        Orbital period ratio of all neighboring planets including planets with M > 0.1 M⊙ and periods P < 300 days. Two synthetic populations of planets are shown: one around a solar-type star with initially 100 embryos (NG76) and one around stars with a mass of 0.1 M⊙ (NGM10). The Kepler multi-planetary system period ratios are displayed for reference (NASA Exoplanet Archive, accessed 9.12.2019).

      

    

  
    
      Fig. 20 
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        Orbital distance, planetary radius diagram of synthetic planets around a 0.1 M⊙ star. For comparison, the Trappist-1 system (Agol et al. 2021) and the subsample of synthetic planets around them is shown. The core ice mass fraction is here colored using a logarithmic scale for better visibility of the low values derived assuming a core iron mass fraction of 32.5% in Trappist-1.

      

    

  
    
      Fig. 23 

      
        [image: thumbnail]
      

      
        Disk initial conditions color-coded by difference of total mass to the TRAPPIST-1 system. Individual planet masses are only included if their semi-major axis is less than 0.1 au and their mass is larger than 0.1 M⊕. Systemswith no planets lying in this regime are drawn as empty black circles. The darkest points show systems most TRAPPIST-1 similar at around 30 M⊕ of initial solid mass.
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