
    Table 1 

Disc and stellar model parameters.



	Parameter
	Value





	Disc inner boundary
	0.015 au



	Disc outer boundary
	10 au



	Σg (1 au)
	369 g cm−2



	Surface density exponent α
	−0.5



	T (1 au)
	55 K



	Temperature exponent β
	−0.5



	αvisc
	1 × 10−3



	αactive
	5 × 10−3



	Stellar mass
	0.1 M⊙



	RS
	1 R⊙



	TS
	3000 K






  
    
      Fig. 2 
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Evolution of planet mass versus period for an example planetesimal accretion simulation. Filled black circles represent final masses and periods for surviving planets. The red dots indicate the periods and masses of the Trappist-1 planets withtheir appropriate error bars (Grimm et al. 2018).


    

  
    
      Fig. 3 
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Three body resonant angles for planets with orbital periods <20 d in the simulation discussed in Sect. 3.2 and shown in Fig. 1. The timespan of ten years is taken at the end of the simulation.


    

  
    
      Fig. 5 
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Evolution of planet mass versus period for an example simulation. Filled black circles represent final masses and periodsfor surviving planets. The red dots indicates the periods and masses of the Trappist-1 planets with their appropriate error bars (Grimm et al. 2018).


    

  
    Table 2 

Parameters used to determine the similarity criterion given by Eqs. (11)–(13) that shows how similar a synthetic system is to the observed Trappist-1 planetary system.



	Parameter
	Trappist-1





	Mean mass
	0.8079 M⊕



	Variance mass
	0.362 M⊕



	Total mass
	5.655 M⊕



	Mean period ratio
	1.5226



	Variance period ratio
	0.1117



	Mean eccentricity
	0.0063



	Variance eccentricity
	0.0025



	dMp∕dP
	−0.0206 M⊕∕d



	σ(Mp − Mcp)
	0.3393 M⊕






Notes. The values for Trappist-1 are taken from Grimm et al. (2018).





  
    
      Fig. 7 
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Simulated Trappist-like systems from the planetesimal accretion scenario (top 6 rows) and the pebble accretion scenario (bottom 6 rows). Periods are shown on the x-axis and planet masses are indicated by the symbol size. Resonances are also shown between neighbouring planets and when relevant, between non-neighbouring planets. The systems highlighted in bold represent those described in Sects. 3.2 and 4.4 for the planetesimal and pebble accretion scenarios respectfully. The Trappist-1 system is shown in between the two scenarios for comparison.


    

  
    
      Fig. 10 
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Probability of observing N planets with periods up to 50 days in a simulated system, formed through either pebble or planetesimal accretion. We show the probabilities for both the transit method, assuming that only planets with masses, mp > 0.1 M⊕ may be observed, and the RV method, assuming a detection limit of 1 m s−1.


    

  
    
      Fig. 11 
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Mass versus period diagram showing the surviving simulated planets from the planetesimal accretion scenario (left panel), and the pebble accretion scenario (right panel). Marker colour denotes the initial mass of the disc as a percentage of the stellar mass. Red markers denote the masses and periods of the observed Trappist-1 planets with error bars (Grimm et al. 2018). The dashed line indicates the disc inner edge of 0.015 au in the simulations.


    

  
    
      Fig. 12 
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Mass of solids remaining at the end of each simulation as a function of the initial solid mass. Simulations from the planetesimal accretion scenario are shown in the left panel whilst those from the pebble accretion scenario are shown in the right panel. All solids lost include those that have been ejected from the system and lost to the central star. The dashed linesshow the 25, 50, 75 and 100% margins. The colour coding in both panels corresponds to similarity criterion (Eq. (11)).


    

  
    
      Fig. 13 
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Mass of remaining solids locked up in planets with orbital periods less than 20 days, against all remaining solid mass. The left panel is for systems formed through planetesimal accretion, with the right panel being for systems formed through pebble accretion. The dashed lines denote fractions of 25–100%, and the colour coding corresponds to the similarity criterion (Eq. (11)).


    

  
    
      Fig. 14 
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Mass versus period plots showing the surviving simulated planets from the pebble accretion scenario. Marker colour denotes the final water fraction of the surviving planets. Red markers denote the masses and periods of the observed Trappist-1 planets with error bars (Grimm et al. 2018). Left panel: mass versus period diagram for simulations where the potential effects of pebble ablation and their efficient recycling back into the disc is not included. Right panel: potential effects of pebble ablation and the efficient recycling of the envelope back into the disc (see Sect. 4.2).


    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
Mass versus period plots showing the surviving simulated planets from the pebble accretion scenario. Marker colour denotes the percentage of solids that is comprised of pebbles. Red markers denote the masses and periods of the observed Trappist-1 planets with error bars (Grimm et al. 2018). Left panel: mass versus period diagram for simulations not including the effects of pebble ablation. Right panel: effects of pebble ablation.


    

  
    
      Fig. 16 
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Massversus period plot showing the surviving simulated planets from the planetesimal accretion scenario. Marker colour denotes the planetesimal size in that simulation. Green markers denote the masses and periods of the observed Trappist-1 planets with error bars (Grimm et al. 2018).
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