
    
      Fig. 3. 
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        Thermal properties of a 1.5 M⊙ donor star at various stages in its post-MS evolution. The colours of the lines correspond to the moments the star reaches certain radii (as shown in Fig. 1), whose values are shown in the legend. Regions with grey shading are significantly superadiabatic (‘sad’; here defined as regions where ∇ − ∇ad ≥ 0.1∇; with [image: equation]). The top panel shows the run of the local thermal timescale (see Eq. (7)) with the logarithm of the fractional exterior mass, such that the stellar centre is located on the left end of the x axis, and the surface is located to the right. The bottom panel shows the run of the associated thermal mass-loss rate (see Eq. (8)) on the same horizontal axis.

      

    

  
    
      Fig. 5. 
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        Time evolution of mass-transfer rates in systems with Md = 2 M⊙ (left column) and Md = 5 M⊙ (right column). Each row corresponds to RLOF starting in a different phase of the donor stars’ lives (at the radius indicated in the top right of each panel). More specifically, panels a and b show HG donors, panels c and d show donors on their RGB, and panels e and f show donors on their AGB. The colours of the lines correspond to different mass ratios at the onset of RLOF, as indicated in the legend. We have indicated where, if appropriate, our quasi-adiabatic-, dynamical-, and OLOF-based criteria are met with open circles, squares, and triangles, respectively. The zero point of the time axis is defined as the first moment when the mass-transfer rate exceeds the rate at which wind mass loss occurs.

      

    

  
    
      Fig. 7. 
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        Critical mass ratios (above which mass transfer is stable) for 1 M⊙ and 4 M⊙ donor stars as a function of donor radius, under different criteria for stable mass transfer (see Sect. 3). The solid black line shows the critical mass ratios resulting from our quasi-adiabatic criterion, with the grey shading indicating the parameter space where mass transfer would be unstable. The red lines show the critical mass ratios resulting from the dynamical evolution criterion with Adyn = 0.01, 0.05, 0.25, as indicated to the right end of the lines. The solid orange line shows the critical mass ratios resulting from the OLOF-based criterion, and the solid blue line and hatching show where the Darwin instability could be encountered (see Sect. 5.2). The solid horizontal grey line shows where Ma/Md = 1, and the dashed vertical grey lines show the end of the HG phase (panel a and left line in panel b) and the tip of the RGB (panel b).

      

    

  
    
      Fig. 10. 
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        Comparison of our results to observationally derived mass ratios. The purple ‘x’ markers indicate mass ratios of systems at the onset of mass transfer, inferred from observations of post-CE binaries. Different shades of grey show mass ratio ranges leading to unstable mass transfer based on the different criteria studied in this work, as indicated in the legend, interpolated to the properties of each system. The coloured symbols correspond to interpolated critical mass ratios based on results from a variety of sources, as indicated in the legend using the same abbreviations for literature sources as in the text and as used in Fig. 9.

      

    

  
    
      Table B.2. 

      Tabulation of our main results.

      
        


	ZAMS mass
	model
	log(R)
	mass|RLOF
	log(ṀKH)
	log(Ṁth,crit)
	qqad
	qOLOF
	qdyn



	M⊙
	–
	R⊙
	M⊙
	M⊙ yr−1
	M⊙ yr−1
	Ma/Md
	Ma/Md
	Ma/Md





	1.0
	0
	0.129
	0.9995
	-6.820
	-3.990
	0.431 ± 0.006
	†
	†



	1.0
	1
	0.252
	0.9994
	-6.600
	-3.860
	0.744 ± 0.006
	†
	†



	1.0
	2
	0.447
	0.9993
	-6.163
	-3.590
	1.031 ± 0.006
	†
	†



	1.0
	3
	0.645
	0.9991
	-5.607
	-3.217
	1.006 ± 0.006
	†
	†



	1.0
	4
	0.841
	0.9988
	-5.073
	-2.865
	0.956 ± 0.006
	†
	†





      

      
Notes. This table shows the critical mass ratios corresponding to the criteria described in Sect. 3. For qdyn, Adyn = 0.05 was assumed. For mass ratios smaller than the tabulated values, mass transfer is unstable according to the related criterion. A dagger symbol (†) indicates where the mass transfer became unstable and our simulations ended before reaching either the dynamical-timescale or OLOF criteria. Additionally, this table enumerates, for each single star model used as starting point for the donor star in our binary calculations, the critical mass-transfer rate and the KH mass-transfer rate (as defined in Sect. 3.3). For brevity, only the first five rows are shown here. The full is available on request or in electronic form at the CDS via anonymous ftp to cds.unistra.fr (130.79.128.5) or via https://cdsarc.cds.unistra.fr/viz-bin/cat/J/A+A/vol/page
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