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What is common envelope evolution
(CCE)?

CCE TAKES PLACE 
WHEN A STAR IN A 

BINARY EXPANDS AND, 
GIVEN THE RIGHT 

CONDITIONS, ENGULFS 
THE COMPANION.

Credits: Adrian Potter
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What is common envelope evolution
(CCE)?

PRIMARY (LEFT) EXPANDING 

ROCHE LOBE OVERFLOW    
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BINARY EXPANDS AND, 
GIVEN THE RIGHT 

CONDITIONS, ENGULFS 
THE COMPANION.
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POST CE SYSTEM ASYMMETRIC PLANETARY NEBULAE (APN)
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More and more CE
simulations
 with AGB 

donor stars 



RGB vs AGB as donor star in CE
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Quick recap: thermally pulsating AGB star

Helium burning shells expand the
star periodically

Low mass star (~2-4Msun) have 
the largest size during this phase



Thermally pulsating AGB star

Does CCE occurs 
during one of
 these pulses? 

390 years



Thermally pulsating AGB star
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Spoiler alert: it does in simulations 



We evolve a star using the MESA code and then carried
out a set of simulations using the 3D hydro code

Phantom with the 2Msun star + 0.6 Msun companion



I-hi star (old relax technique)



M-hi star (relax-o-matic)



Some models expand at
a slower or faster rate
than the original MESA

generated profile



After mapping

After relaxation

Implemented in
binary



Yeah, yeah right, just put the movie already! (I-hi)



Higher resolutions decreases final
separation, contrary to CE with RGB's
(Reichardt+ 2019)
Any additional energy source
(recombination, radiation pressure)
increases final separation
Recombination energy unbinds almost
(all?) envelope 

https://www.google.com/search?client=firefox-b-lm&q=Reichardt&spell=1&sa=X&ved=2ahUKEwj2l6az_ZT9AhW33nMBHa0rDMIQkeECKAB6BAgIEAE


 RGB post-CE system (Reichardt+ 2020)  CE with AGB

MESA opacity tables don't
extrapolate to well in the outer

(yellow) layers



Next step....dust
We implemented the Bowen prescription

(Bowen, 1988)
 for dust-driven winds (DDW) in these CE's
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Dust-driven wind term



We implemented DDW in the 2Msun models with ideal and
MESA EoS.
We also model a 4Msun primary until TP-AGB to check the
effect on higher stars.



DDW unbinds more material, but
leads to larger final separation.
Dynamical plunge-in is virtually
unaffected by opacity function
(expected)
Shorter ROLF timescales with DDW
Larger values of maximum opacity
increases the effect 



Virtually no difference in orbital
evolution
Almost all interaction is
dynamically driven (low mass ratio)
DDW still unbinds significantly
fraction of envelope





Bowen (kmax = 5 cm²/g)

Bowen (kmax = 15 cm²/g) 

Nucleation (Bermudez-Bustamante+ 2023, in prep)

 (Gonzalez-Bolivar+ 2023, in
prep)



2 Msun ideal 2 Msun MESA
(recomb)



For simulations with recombination
energy, DDW effects are less noticeable. 
Winds are particularly strong during
ROLF phase.



DDW unbounds more gas in all simulations, at the cost of larger
final separation values.
Winds are particularly strong during ROLF phase and during the
post-CE system

It will invariably influence any potential APN.
It increases the effect of the resolution dependent unbound

4 Msun is not affected strongly by the dust (dynamically
dominated).
Nucleation (Bermudez-Bustamante+23) will be a neccesary
complement of this analysis

Conclusions



Thanks!


