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Above: Depth of the SCCR for several primary masses during the last
thermal pulse (~102 years) of the giant star

Below: Calculated ejection efficiencies for matrix of primary-companion
mass pairs

Due to the irregular SCCR depth
with time and primary mass,
time of engulfment (i.e., age of
the primary at engulfment) is
imperative to understanding the
ejection efficiency of common
envelope systems.
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As the orbital separation decreases, energy is transferred from the orbit to
the envelope. The interior structure of the primary affects how this
liberated orbital energy contributes to the system.

Background
Common envelope events occur when one star in a binary system evolves
off the main sequence and engulfs its companion. The envelope can be
ejected if the energy released by the companion’s decaying orbit exceeds
the binding energy of the primary. The efficiency of this ejection process is
often characterized with the parameter ᾱeff, which signifies the fraction of
released orbital energy that can contribute to unbinding the envelope.

We examine the role that convection and radiative losses play in
determining the ejection efficiency of common envelope evolution.
Convection is often neglected in simulations but can carry liberated
orbital energy to the surface of the star where it is radiated away. This
allows the binary to shrink substantially further before the envelope is
ejected and may resolve the “ejection problem” seen in numerical
simulations.

1) The companion first releases
energy in a convective region
that contacts the primary’s
surface, where the energy may
be carried to the surface and
radiated away. We name this
region the surface-contact
convective region, or SCCR.

2) Then the companion releases
energy in a non-convective
region of the primary, where
the energy is deposited into the
outer layers of the primary and
contributes to unbinding the
envelope.

3) The companion continues inspiraling and releasing energy until either:
i. the accumulated orbital energy exceeds the binding energy and

ejects the envelope,
ii. the companion tidally shreds within the envelope.

Below: Convective transport and inspiral timescales through the primary

• Where tinspiral (dashed) curves above tconvection 
(solid) curve, convection moves released 
energy out of system

• Otherwise, energy is deposited into 
envelope and aids in ejection

Below: Binding and orbital energies at each radius of the primary; X marks shredding 
radius of each companion

• Where Eorb (dashed) curves exceed Ebind
(solid) curve, companion ejects the envelope

• Where the X falls below the Ebind curve, 
companion shreds before it is able to eject 
the envelope

Surface

• Because convection can carry released energy to the surface, the companion travels deep 
into primary’s interior before it is able to deposit energy, lowering ᾱeff.

• The radius at which the companion energy exceeds the binding energy determines the final 
orbital separation of the system. In the above case and many others, the final orbital 
periods are all less than 10 days, and most are less than 1 day.

Conclusion and Summary
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We include the effects of convection and radiative losses in models of
common envelope interactions and find:

• The companion must travel deep into the envelope before its energy
can be tapped to drive ejection, where it finally ejects the envelope
resulting in ≲1 day periods.

• The extent of the convective region varies in time and with primary
mass, causing the ejection efficiency to be sensitive to the age of the
primary (and its internal structure) during engulfment.

We use MESA (Modules for Experiments in Stellar Astrophysics) to model
our primary stars.


