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Adiabatic Mass Loss Model in Binary Stars

GE Hong-wei

(Yunnan Astronomical Observatory, Chinese Academy of Sciences, Kunming 650011)

Rapid mass transfer process in the interacting binary systems is very complicated. It
relates to two basic problems in the binary star evolution, i.e., the dynamically unstable
Roche-lobe overflow and the common envelope evolution. Both of the problems are very
important and difficult to be modeled. In this PhD thesis, we focus on the rapid mass
loss process of the donor in interacting binary systems. The application to the criterion of
dynamically unstable mass transfer and the common envelope evolution are also included.
Our results based on the adiabatic mass loss model could be used to improve the binary
evolution theory, the binary population synthetic method, and other related aspects.

We build up the adiabatic mass loss model. In this model, two approximations are
included. The first one is that the energy generation and heat flow through the stellar
interior can be neglected, hence the restructuring is adiabatic. The second one is that the
stellar interior remains in hydrostatic equilibrium. We model this response by constructing
model sequences, beginning with a donor star filling its Roche lobe at an arbitrary point in its
evolution, holding its specific entropy and composition profiles fixed. These approximations
are validated by the comparison with the time-dependent binary mass transfer calculations
and the polytropic model for low mass zero-age main-sequence stars.

In the dynamical time scale mass transfer, the adiabatic response of the donor star
drives it to expand beyond its Roche lobe, leading to runaway mass transfer and the forma-
tion of a common envelope with its companion star. For donor stars with surface convection
zones of any significant depth, this runaway condition is encountered early in mass transfer,
if at all; but for main sequence stars with radiative envelopes, it may be encountered after a
prolonged phase of thermal time scale mass transfer, so-called delayed dynamical instability.
We identify the critical binary mass ratio for the onset of dynamical time scale mass transfer;
if the ratio of donor to accretor masses exceeds this critical value, the dynamical time scale
mass transfer ensues. The grid of criterion for all stars can be used to be the basic input as
the binary population synthetic method, which will be improved absolutely.

In common envelope evolution, the dissipation of orbital energy of the binary provides
the energy to eject the common envelope; the energy budget for this process essentially
consists of the initial orbital energy of the binary and the initial binding energies of the binary
components. We emphasize that, because stellar core and envelope contribute mutually
to each other’s gravitational potential energy, proper evaluation of the total energy of a
star requires integration over the entire stellar interior, not the ejected envelope alone as
commonly assumed. We show that the change in total energy of the donor star, as a
function of its remaining mass along an adiabatic mass-loss sequence, can be calculated. This
change in total energy of the donor star, combined with the requirement that both remnant
donor and its companion star fit within their respective Roche lobes, then circumscribes
energetically possible survivors of common envelope evolution. It is the first time that we
can calculate the accurate total energy of the donor star in common envelope evolution,
while the results with the old method are inconsistent with observations.



