
    
      Table 1 

      Fit statistics for best-fit models C, D, and E, and the two unfitted versions of F.

      
        


	Solution
	
	Weighting
	
	
	
	χ2
	
	
	



	
	λQ
	[image: equation]
	λR
	λNGA
	R
	Q
	Tz
	NGAr
	NGAt
	NGAn
	Obj





	C
	1
	1
	0
	1
	34.1
	4.53
	1.36
	1.18
	1.32
	0.44
	1.20



	D
	1
	1
	0.02
	0
	88.8
	3.60
	1.10
	2.00
	1.60
	0.90
	2.35



	E
	1
	1
	0.02
	0
	83.4
	3.75
	0.77
	1.78
	1.58
	0.89
	2.22



	F dust SH
	–
	–
	–
	–
	324.5
	4.62
	2.09
	4.12
	1.71
	1.01
	–



	F ice SH
	–
	–
	–
	–
	459.2
	5.64
	3.02
	2.22
	1.63
	1.00
	–





      

      
Notes. Model E is highlighted as the preferred solution. The model outputs (water production rate, z component of NGT, and the three components of NGA) are compared to the observations, producing the χ2 statistics, which are then weighted according to the λ values and combined in the objective function (Eqs. (9) and (10) in Attree et al. 2019) to produce the combined fit statistic Obj. All values are dimensionless, although the range values R correspond one-to-one to kilometers.




    

  
    
      Fig. 1 
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        Peak effective active fraction at perihelion for solution C, mapped onto the shape model.

      

    

  
    
      Fig. 2 
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        Time-varying effective active Fraction for solution C.

      

    

  
    
      Fig. 3 
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        Observed total gas production (ROSINA values from Hansen et al. 2016) compared to solutions C, D, and E.

      

    

  
    
      Fig. 4 
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        Observed minus computed Earth-comet range, R, for solutions C, D, and E.

      

    

  
    
      Fig. 5 
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        Smoothed observed z component of the torque compared to solutions C, D, and E. The grey area represents the 1σ uncertainty (see Attree et al. 2019 for details).

      

    

  
    
      Fig. 6 
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        Observed radial acceleration in the comet [image: equation] frame with the 5cr uncertainty (from Lasagni Manghi et al. 2021), compared to solutions C, D, and E. Higher-order Fourier terms corresponding to daily oscillations are omitted for clarity, but are included in the fit.

      

    

  
    
      Fig. 7 
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        Observed tangential acceleration in the comet [image: equation] frame compared to solutions C, D, and E.

      

    

  
    
      Fig. 8 
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        Observed normal acceleration in the comet [image: equation] frame compared to solutions C, D, and E.

      

    

  
    
      Fig. 10 
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        Peak effective active fraction at perihelion for solution D, mapped onto the shape model.

      

    

  
    
      Fig. 11 
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        Time-varying effective active fraction for solution D.

      

    

  
    
      Fig. 12 
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        Various datasets mapped onto the southern hemisphere of the comet. From top: modulus of torque efficiency (|τ|), a geometric factor as described in the text; gravitational slope, i.e. the angle between facet normal and local gravity vector; total integrated insolation; and peak insolation. The three white lines indicate the direction of the −r, −t, and −n vectors, averaged over one rotation period at perihelion, i.e. the time-averaged directions towards the Sun, ‘backwards’, and ‘down’ in the orbital frame of the comet.

      

    

  
    
      Fig. 13 
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        Peak effective active fraction at perihelion for solution E, mapped onto the shape model.

      

    

  
    
      Fig. 14 
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        Time-varying effective active fraction for solution E.

      

    

  
    
      Fig. 15 
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        Outputs of the pebble model of Fulle et al. (2020). Top panel: surface temperature as a function of energy input for EAF = 0 grey-body and EAF = 1 pure-ice surfaces as well as the pebble model. Bottom: outgassing rate for the pure-ice and the pebble model.

      

    

  
    
      Table A.1 

      Initial positions of 67P at −350 days relative to perihelion in the J2000 ecliptic coordinate frame.

      
        


	Quantity
	Value





	t (Js)
	462463456.58755416



	x (km)
	1.99549521 × 10+08



	y (km)
	−4.76677235 × 10+08



	z (km)
	−5.66149293 × 10+07



	ẋ (km s−1)
	7.34031872 × 10+00



	ẏ (km s−1)
	1.41777157 × 10+01



	[image: equation] (km s−1)
	4.26145500 × 10−01





      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Observed total gas production (Rosetta/ROSINA values from Hansen et al. 2016) compared to two versions of model F, based on Fulle et al. (2020).

      

    

  
    
      Fig. B.2 

      
        [image: thumbnail]
      

      
        Observed minus computed Earth-comet range, R, for two versions of model F.

      

    

  
    
      Fig. B.4 

      
        [image: thumbnail]
      

      
        Observed pole orientation (Ra/dec) compared to two versions of model F.

      

    

  
    
      Fig. B.5 
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        Observed radial acceleration in the cometary [image: equation] frame compared to two versions of model F.

      

    

  
    
      Fig. B.7 
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        Observed normal acceleration in the cometary [image: equation] frame compared to two versions of model F.
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