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Abstract. The diversity of collimated outflows in post-asymptotic-giant-branch stars and their
planetary nebula progeny are often explained by a combination of close binary interactions
and accretion. The viability of such scenarios can be tested by comparing kinematic outflow
data to determine minimum accretion rates necessary to power observed outflows. While many
binary channels have been ruled out with this technique, common envelope interactions can
accommodate the current observational constraints, are potentially common, lead to a diverse
array of planetary-nebula shapes, and naturally produce period gaps for companions to white
dwarfs.
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1. Introduction

For stars with initial masses < 8M¢, post-main-sequence evolution is accompanied
by significant expansion of the stellar radius and copious mass loss during the giant
phases. As the stellar envelope depletes, a natal white dwarf (WD) emerges encased in
an optically-dark reflection nebula. Subsequent heating by the WD ionizes the expanding-
stellar material which shines as a planetary nebulae (PN). Originally, the ejected nebulae
were thought to be spherical and originate from steady mass loss by an isolated star
during the Asymptotic Giant Branch (AGB) phase. However, this paradigm changed
as high-resolution-optical imaging revealed highly anisotropic and collimated structures
such as jets, disks and fast-clumpy ejecta (Balick & Frank 2002, De Marco 2009, Zijlstra
2015).

The transition from spherical mass loss during the AGB phase to the collimated and
magnetized outflows seen in the post-AGB and PN phases is thought to arise in systems
with close binary companions (Nordhaus & Blackman 2006, De Marco 2009). The diver-
sity of observed outflows and their kinematic properties are often explained by various
combinations of binary interactions and accretion with the most energetic interactions
occurring when the orbital separation decays to short periods (< 1 day) (Nordhaus &
Blackman 2006, Nordhaus et al. 2007). Companions initially orbiting within ~5-8 AU
during the main sequence are expected to plunge into their host stars during the RGB
or AGB phases (Nordhaus & Spiegel 2013). Once immersed in such common envelopes,
the companion inspirals until it ejects the giant’s envelope, emerging in a post-CE short-
period orbit, or is destroyed (Nordhaus & Blackman 2006, Spiegel 2012).
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Here, we highlight recent work relevant to common envelopes (CEs) including (i.) how
outflow observations in post-AGB/PN can be used to constrain engine-driving scenarios,
(ii.) how stellar evolution leads to period gaps for companions to white dwarfs and (iii.)
how highly-magnetized white dwarfs can form in common envelopes.

2. Viable Binary Channels

The observational challenges inherent in detecting post-AGB star binaries and plan-
etary nebulae binaries have led many to study indirect constraints expected from the
presence, or absence, of companions. Kinematic observations of the large-scale outflows
can provide constraints on engine-driving scenarios based on measurements of momen-
tum and energy in the outflows. For example, using the kinetic energy of jets and tori in
a sample of post-AGB stars, Huggins (2012) found that their sum was greater than the
binding energy of the progenitor envelope.

Recently, Blackman & Lucchini (2014) used observations of outflow momenta from the
same sample to calculate the minimum necessary accretion rates to power the outflows.
These rates were then compared to theoretical models to obtain minimum accretion rates
needed for each scenario under the assumption that all accreted power goes into the
outflows. The authors considered two accretors, a main-sequence star and a white dwarf,
and four accretion paradigms, Bondi-Hoyle-Littleton (BHL) wind accretion, Roche-lobe
overflow at the rate measured for the Red Rectangle, accretion during a common envelope
phase and Wind-Roche-lobe overflow. Various modes of accretion could then be ruled out
for the 19 systems considered in their sample.

Bondi-Hoyle-Littleton wind accretion and Wind-Roche-lobe overflow were ruled out as
explanations for the vast majority of objects. Roche-lobe overflow at the rate measured
in the Red Rectangle could accommodate ~1/3 of the objects. The only paradigm that
successfully powers all objects was accretion during a common envelope phase. Note
this does not imply that common envelopes power these systems, only that there is the
necessary power available in CE events to explain the observed outflows.

3. Common Envelopes

Since companions to main-sequence stars are plentiful, it may be that common en-
velopes are in fact common events as stars evolve off the main-sequence. When a com-
panion is engulfed in a common envelope, rapid inspiral on short timescales leads to a
sharp reduction in separation between the companion and the giants core (Paczynski
1976). Energy and angular momentum are transferred from the orbit to the CE itself
during this process and can be used to unbind the envelope. Thus, common envelopes
represent one method of shrinking a binary’s separation from initial periods on the order
of years to final periods on the order of hours. Here, we detail two additional areas in
which common envelopes are thought to be important.

PERIOD GAPS FOR COMPANIONS TO WHITE DWARFS: Post-main-sequence evolution
naturally produces period gaps for companions to white dwarfs (Nordhaus et al. 2010,
Spiegel 2012, Nordhaus & Spiegel 2013). At minimum, the expansion of the stellar radius
to a few AU would create period gaps by directly engulfing any companion initially
orbiting inside this region. However, giant stars slowly rotate at their surface and possess
deep convective envelopes. An orbiting companion can therefore raise a tidal bulge on
the host star such that the orbit decays. On the other hand, strong, dust-driven winds
from the giant act to widen the orbit. Therefore, for quasi-circular orbits, there exists
a critical orbital radius such that companions initially orbiting inside this radius are
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Figure 1. Post-main-sequence evolution naturally leads to period gaps for companions to white
dwarfs (Nordhaus & Spiegel 2013). The blue companion avoids engulfment during the giant
phases and migrates outward as mass is lost from the system. The red companion’s orbit shrinks
as it is engulfed in a common envelope and emerges in a short-period orbit around the WD.
As a result, a paucity of companions to white dwarfs are predicted for orbital periods in “The
Gap”.
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Figure 2. Minimum escaping semi-major axis as a function of companion mass and zero-age
main-sequence primary mass under the assumption of quasi-circular orbits (Nordhaus & Spiegel
2013). Mass ratios greater than 0.1 are not modeled because the primary distorts from spherical
symmetry when the companion is near the critical semi-major axis.

engulfed and those orbiting outside avoid engulfment (see Figure 1). Figure 2 shows
the minimum escaping semi-major axis (a;) as a function of companion mass and zero-
age main-sequence primary mass. In general, since more massive companions experience
stronger tidal torques in proportion to the square of their mass, more massive companions
can be tidally engulfed out to a greater initial orbital separation. However, the contours
have an interesting U shape because very massive companions can tidally synchronize a
giant star — thereby arresting their inspiral — so to be engulfed they need to begin in
a tighter orbit than ~50 Mjypiter companions. The upshot is that massive companions
might be found either very close to (orbital period <days) or very far from (orbital
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period Zyears) WDs, while low-mass companions are expected to be found only at large
distances from WDs.

FORMATION OF MAGNETIZED WHITE DWARFS: Engulfment in a common envelope
can lead to one of two outcomes: survival of the companion and emergence in a post-CE
orbit, or its destruction (Nordhaus & Blackman 2006). The fate of the companion roughly
depends on its mass and the binding energy of the envelope at the time of engulfment. If
the companion is of sufficiently low-mass it will not liberate the requisite orbital energy
to unbind the envelope and continue migration toward the giant core. Eventually, the
companion will be tidally disrupted as the differential gravitational force due to the
proto-WD overcomes the companion’s own self-gravity. For stars possessing low-mass
companions such as planets or M dwarfs, there is strong observational evidence that
highly-magnetized white dwarfs (with magnetic fields in excess of one MegaGauss, or
MG) originate from those systems that destroy the companion in the process. The tidal
disruption of the companion produces a circum-WD accretion disk within the common
envelope (Nordhaus et al. 2011). The disk is initially cold and dense compared to the hot
stellar interior. Magnetic amplification of the initial seed fields via a dynamo can lead to
the generation of > MG B-fields which anchor in the proto-WD thereby emerging as a
highly-magnetized WD (Nordhaus et al. 2011).

4. Takeaways

Common envelopes are an important, but poorly understood, phase of stellar evolution.
Observations of outflows in post-AGB /PN have recently lead to an indirect constraint on
engine-driving scenarios, namely that accretion in CEs is sufficient to explain all currently
observed systems while other scenarios can be ruled out. Common-envelope phases are
also important for stellar evolution as they, along with tidal torques and stellar mass
loss, are key ingredients for determining where to look for companions to white dwarfs.
CE systems where the companion is expected to be tidally disrupted inside the common
envelope may form accretion disks capable of generating and anchoring strong B-fields
in the natal white dwarf. Such a scenario may explain the origin of highly-magnetized
white dwarfs, i.e. those with measured surface fields in excess of 1 MG.
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