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Figure 14. Different estimates of the specific angular momentum lost from
the system, ⟨jz⟩, in units of the specific orbital angular momentum jorb, as a
function of WD mass MWD. The black solid line shows the specific orbital
angular momentum of the accreting NS, jNS. The red dashed line shows the
specific orbital angular momentum of a disc orbiting the accreting NS at
the circularization radius. The blue filled circles show the specific orbital
angular momentum lost in the mechanical wind in our SPH simulations,
and the dotted line a straight-line fit. The SPH estimate is subject to some
uncertainty and may be up to 20 per cent higher, depending on the criteria by
which the lost material is associated with the common envelope. The brown
squares and best-fitting dot–dashed line show the critical specific angular
momentum that separates stable and unstable systems.

A greater loss of angular momentum corresponds to unstable mass
transfer. The critical line is obtained by keeping the specific angular
momentum of the material lost in the mechanical disc wind con-
stant and finding the value that lies on the borderline of stability. The
blue dotted line corresponds to the model in which disc winds carry
away the angular momentum, as measured in our SPH simulations
and used in our standard conditions for the long-term evolution
(equations 10 and 14). The red dashed line in the figure corresponds
to the model in which disc winds carry away the material with the
specific angular momentum at the circularization radius around the
NS (equation 15). The black line represents the mass-loss model
where the material is lost entirely through a jet and carries away the
specific angular momentum of the NS.

As one may see from Fig. 14, for low-mass donors the disc winds
are much more efficient than jets at removing angular momentum
from the orbit. This is expected, since material lost in the jet carries
off the specific angular momentum of the NS. For low-mass donors,
the binary centre of mass is close to the NS, and hence, it has a very
small orbital angular momentum. The disc, on the other hand, may
retain significant angular momentum. The value depends on the
viscous time-scale for the disc, which we find to be relatively short.
Hence, we expect that material will be ejected from the disc before
disc instabilities and the resulting torques can return its angular
momentum to the binary. Similarly, the NS cannot be an efficient
sink of angular momentum due to its small physical size. Therefore,
we expect the specific angular momentum of material lost in the
wind to be close to typical values in the disc. Because material lost

Table 6. Results of different binary models.

Settings Critical mass (M⊙)

Defaults: fjet = 1, jwind = jfit, RCE = 1.1 a, 0.199
NCE = 104

jwind = jcirc 0.262
jwind = jjet 0.844

NCE → ∞ 0.202
NCE = 100 0.192
RCE = 3 a 0.200

fjet = 0.01 0.199
fjet = 10 0.200

in a jet carries off relatively little angular momentum, the jet-only
mass-loss model corresponds to slower orbital evolution at a given
mass and, hence, a much higher critical mass than we measure when
including the effects of disc winds.

In our SPH simulations, the material carries away more angular
momentum than that of a disc at the circularization radius at all
but the lowest masses. At lower WD masses, the WD has less
dynamical effect on the wind as it leaves the disc. Reassuringly, in
the SPH runs with the lowest mass WD, we measure that the angular
momentum carried off is roughly equal to that of the disc at the
circularization radius. At higher WD masses, however, the binary
motion increasingly influences the outflowing material, imposing an
additional torque as it escapes the disc. The lost material therefore
gains additional angular momentum.

Our SPH estimates of α are somewhat sensitive to the choice of
the boundary of the common envelope, shown in Fig. 9. We test
this by varying the radii of the surfaces that divide the particles
associated with the stars from those associated with the common
envelope, Rdiv, from 1.4 RRL to 1.8 RRL, which leads to an increase
in α by about 20 per cent for all of our models. For low-mass
helium WDs, we expect the SPH values of α to be close to the
ones corresponding to the circularization radius, as argued above.
Yet, even if the correct values of α were higher, we can still form
observed UCXB systems such as 4U 1820-30. An increase in α

for the binaries with higher mass CO or ONe WD donors will
have no significant effect on their evolution since these systems are
already unstable. Regardless of the exact value of α, for the range of
plausible values the qualitative behaviour is the same. Stable mass
transfer is possible only for the lowest mass He WD donors. Other
systems, including all C/O and O/Ne WD systems, will undergo
unstable evolution and merge.

The other model parameters have relatively little influence on the
location of the stability boundary, as can be seen in Table 6. The vis-
cous drag on the orbit owing to the presence of a common envelope
makes the system less stable as the viscous inspiral extracts further
angular momentum from the orbit. Similarly, the jet removes mass
with smaller specific angular momentum and hence larger values
of fjet make the system more stable. Overall, the main parameter
determining the stability boundary is α, i.e. the measure of the
angular momentum carried away by the lost material. Our model
predicts that the stability boundary is between 0.2 and 0.3 M⊙,
largely independently of the choice of the model parameters.

6.5 Observational implications of our modelling

Our models imply that the critical WD mass that divides stable from
unstable systems is significantly lower than that predicted by the
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