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Although well studied, our understanding of the mass ejection mechanisms of cataclysmic variables
remains incomplete. Recent work suggests that binary interaction plays an important role in driving and
shaping this mass ejection and may affect the long-term evolution of the system. In this paper, we perform a
three-dimensional moving-mesh hydrodynamic simulation of a cataclysmic variable system to study the
effect of binary interaction on mass ejection. We find that once the flow crosses the L1 Lagrange point, the
material is ejected roughly isotropically. This can be seen in a roughly spherical distribution of the ejecta at
large radii. We also show that the L2 Lagrange point is not important in the ejection of mass, contrary to the
assumption in some previous work in this area. Finally, we find that the specific angular momentum of the
ejected material is larger than its initial specific angular momentum. This enhanced angular momentum
ejection likely affects the long-term evolution of the binary system.
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I. INTRODUCTION

Cataclysmic variables are binary systems that consist of
a white dwarf (WD) that accretes matter from a secondary
star. As the mass piles up on the WD, the layer of accreted
material can become sufficiently hot and dense to trigger
unstable nuclear burning. The resulting rapid expansion
and expulsion of the accreted material produces a bright
transient event known as a classical nova (for a review see
[1,2] and references therein).
Despite being well studied, the mass ejection mecha-

nisms of these systems are not fully understood. While the
root cause is the thermonuclear runaway, the precise
mechanism driving mass loss is not clear. For instance,
the mass ejection may be precipitated by the rapid injection
of heat leading to impulsive mass loss [3–5], a radiatively
driven wind [6–9], or more intriguingly, by the action of the
secondary in a minicommon-envelope ejection episode
[10–12]. Chomiuk et al. [2] contains detailed descriptions
of these different ejection mechanisms and their potential
flaws, which we summarize here. First, impulsive ejection
may be ineffective in ejecting the entire accreted envelope.
Second, the radiative driven wind may live or die on the
interplay between different energy transport mechanisms
(e.g., convection vs radiation) and the availability of super-
Eddington energy sources [6]. And finally, minicommon-
envelope ejection may or may not be important relative to
the other two mechanisms.

Recently, Shen and Quataert [13] argue using 1-D
MESA calculations that while radiation pressure driven
winds are successfully launched in WDs undergoing
unstable nuclear burning on the surface, the sonic point
of the wind is well outside of the Roche radius of the WD.
Hence, they argue that the binary companion can help
shape and drive much of the initial (and majority) of the
mass ejection. Only at late times, when the sonic point
retreats below the Roche radius does radiation pressure
drive a fast wind that is not heavily influenced by the binary
companion.
The influence of a binary companion on driving mass

loss in a nova may increase the angular momentum loss
experienced by the binary which influences its evolution
[14–17]. For example, Tang et al. [14] compute the
evolution of the binary under the influence of enhanced
angular momentum loss. They find that the rate of angular
momentum loss due to binary interaction is significantly
higher than that caused by a fast wind, which causes the
orbit to shrink. The companion cannot quickly adjust to this
change, causing it to fill its Roche lobe and increase the
mass transfer rate from companion to WD. This expands
the orbit again in a cyclical process, eventually leading to
the binary becoming detached. However, they prescribed
the specific angular momentum loss as mass ejection
through the L2 Lagrange point, but it is not clear if this
is the correct prescription.
An obvious next step is to study the mass ejection in

classical novae using 3-D simulations. In this paper, we
carry out the first such study. Using high-resolution
moving-mesh simulations, we study how the ejection
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process occurs, the shape of the ejecta, and the amount of
angular momentum that is carried off by this process.
This paper is organized as follows. In Sec. II, we describe

our numerical code, the initial conditions, and our energy
injection scheme to model the effects of runaway nuclear
burning. We then describe our results in Sec. III. We discuss
the implications of these results and close with a summary
and discussion of future directions in Sec. IV.

II. NUMERICAL SETUP

We use MANGA, a moving-mesh hydrodynamic solver
for ChaNGa [18], which is based on the arbitrary
Lagrangian-Eulerian (ALE) scheme developed by
Springel [19]. MANGA differs from the ALE scheme with
a different approach to generating the Voronoi mesh, the
use of conserved variables rather than primitives to com-
pute the face states. We refer readers seeking a more
detailed description of MANGA to [18,20].
We model a WD as a dark matter particle with a mass of

1M⊙ and a softening radius of 0.05R⊙. While this is
substantially larger than a typical WD, it is substantially
smaller than the Roche radius. For this system, the Roche
radius for the WD is 0.532 R⊙ and the L1 Lagrange point is
at 0.621 R⊙. This “enlarged” WD is to ensure that the time
steps for gas inside the softening radius are not prohibi-
tively small. We then compute a hydrostatic constant
entropy envelope of 10−3M⊙ and a radius of 0.1R⊙ with
an ideal gas equation of state. A classical nova will ignite
the envelope at the surface of the WD, but modeling this
initial expansion is prohibitively computationally expen-
sive. Hence, we adopt the assumption that a substantial
amount of nuclear burning has taken place and that the
envelope has expanded hydrostatically to this radius, which
remains inside the Roche radius. In any case, we model this
envelope with 100K mesh generating points. Surrounding
this envelope, we include an atmosphere with density of
10−10 g cm−3 with about 250K mesh generating points.
Grid points between the envelope and the atmosphere are
distributed as described in [21]. The entire simulation box
is 40 R⊙ in size.
The envelope is not modeled with any spin as we do not

believe it to be important in this study. For a maximally
spinning envelope, the specific angular momentum, l, is
given by

l ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

GMWDRWD

p

: ð1Þ
For constant l, the initial rotation rate of the envelope,
Ωi, is

Ωi ¼
ffiffiffiffiffiffiffiffiffi

RWD

Ri

s ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

GMWD

R3
i

s

ð2Þ

which is the orbital angular velocity at Ri modified by the
factor

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

RWD=Ri

p

. For RWD ¼ 0.05R⊙ and an envelope of

Renv ¼ 0.1R⊙ this factor is ∼0.71. When the envelope
extends to the Roche radius, RRoche ¼ 0.523R⊙, this factor
is ∼0.31. To be entirely supported by rotation, the envelope
would need RΩ2. At Renv, this would be ∼1=2 of what is
required. At RRoche, this would be ∼1=100 of what is
required. This assumes that the envelope is maximally
rotating at the surface of the WD, which is highly unlikely
as magnetic fields between the envelope and WD will
quickly dampen this differential rotation. We therefore
claim that initial rotation of the envelope is not important
to model.
To model the continued injection of energy into the

envelope via nuclear burning, we use a constant specific
heating rate of ϵ ¼ 1012 ergs g−1 s−1. This specific heating
rate gives a total heating luminosity of 2 × 1042 ergs s−1

and is similar to the nova outburst energy injection rate. It
ensures that we expand slowly (relative to the local
dynamical time) to the L1 Lagrange point as suggested
by [13]. We have experimented with a number of different
specific heating rates varying from 108–1013 ergs g−1 s−1.
Significantly larger heating rates will drive a strong wind,
whereas smaller heating rates will take a prohibitively long
time to evolve. We also model a companion star of 0.3M⊙
as a dark matter particle and place it in a circular orbit with
R ¼ R⊙. In reality, this companion star would fill its Roche
lobe and would have an accretion stream that feeds an
accretion disk around the WD, but for the purposes of this
study, we ignore these effects. In practice, ignoring the
accretion stream and disk is likely an acceptable approxi-
mation as its mass is small compared to the ejecting
envelope. However, this is likely not the case for the
Roche filling secondary star.
We assume a solar abundance for the envelope. This is

because the amount of energy needed to unbind the
envelope is small compared to the potential nuclear energy
released. We do not account for mixing of WD material
into the envelope. For instance, [22] showed that up to
about 20% of the composition can be changed due to
mixing. Thus, the assumed solar composition is a fair
approximation.
The total heating luminosity is consistent with that from

Fig. 1 of [13]. As the effective temperature of the WD goes
from 6 × 105 K → 104 Kwith roughly constant luminosity
we approximate the change in radius. Since L ¼ 4πR2σT4

is constant, we can write

�
Ti

Tf

�
4

¼
�
Rf

Ri

�
2

ð3Þ

and with Ti=Tf ¼ 60, Rf=Ri ¼ 3600. For L ¼ 104L⊙ and
Ti ¼ 6 × 105 K, we can determine that Ri ¼ 7 × 108 cm or
Ri ¼ 0.01R⊙, which is consistent with the radius of WDs.
We can then determine the energy outburst, Ė with the
following:
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Ė ¼ GMWDMenv

Ri

1

tob
: ð4Þ

For the outburst time, tob ¼ 4.8 days ¼ 4.32 × 105 s, this
equation would yield Ė ¼ 8.82 × 1041 ergs s−1 which is
consistent with that obtained from our constant specific
heating rate.
We can ignore the accretion disk as its mass is negligible

in comparison to the mass of the envelope. The mass of the
envelope can be given by the following:

Menv ¼ Ṁtrec ð5Þ

where trec is the classical nova recurrence time. Similarly,
the mass of the disk can be given by

Mdisk ¼ Ṁtvisc ð6Þ

where tvisc is the viscous timescale of the accretion disk and
is given by

tvisc ¼
�
R
H

�
2 1

α
tdyn: ð7Þ

Thus, the ratio of the two masses are

Mdisk

Menv
¼ tvisc

trec
: ð8Þ

For R=H ∼ 10 and 1=α ∼ 10, we find for a trec ∼ 10 yrs [2]
Mdisk ∼ 10−3Menv and is thus negligible.

We simulated the above system for 27.78 hours or 105

seconds, which took a wall clock time of 30 days on a
single 64 core node.

III. RESULTS

Figure 1 shows the projected density along the z or
orbital axis, and Fig. 2 shows the projected density along
the x-axis, which is in the orbital plane, at t ¼ 0, 2.78, 5.56,
8.33, 11.11, and 13.89 hours. At t ¼ 0, the initial setup of
the system is shown. At 2.78 hours, the hydrostatic
expansion of the envelope of the WD can be seen due
to the heating described above. At 5.56 hours, the WD has
nearly filled its Roche lobe and small amounts of the
envelope are beginning to flow across the L1 point toward
the companion. This is more apparent at 8.33 hours, where
the WD has fully filled its Roche lobe and the envelope is
flowing through the L1 Lagrangian point. This leads to
ejection of material through interaction with the secondary,
as shown in the last two frames at 11.11 hours and at
13.89 hours. In the last two frames, the ejected material
around the system appears to be in a roughly spherical
distribution. Figure 3 shows the projected density along the
z- and x-axes at t ¼ 27.78 hours, which is the final frame of
our simulation. This figure qualitatively agrees with the
final two plots of Figs. 1 and 2, emphasizing the ejected
material’s roughly spherical distribution.

A. Spherically averaged quantities

Motivated by the rough spherical distribution of the
ejected material in Figs. 1–3, we plot the spherically
averaged density at t ¼ 14.17 hours in Fig. 4.

FIG. 1. Projected density along the z or orbital axis, at t ¼ 0, 2.78, 5.56, 8.33, 11.11, and 13.89 hours.

MOVING-MESH SIMULATIONS OF MINICOMMON ENVELOPE … PHYS. REV. D 113, 123023 (2026)

123023-3



Figures 1 and 2 demonstrate that the secondary is a
crucial ingredient in the ejection of the expanding envelope
in line with [13]. Motivated by this, we now look at how the
flow changes around the various Lagrange points. In the top
plot of Fig. 5, we show the ratio of kinetic and internal
energy to the gravitational potential energy, ðc2s þ v2Þ=v2orb
around L1 and L2 Lagrange points. From Fig. 1, we note
that a substantial flow begins to pour across the L1

Lagrange point around 5–8 hours. Here we note that after
t ≈ 6 hours, the ratio of kinetic and internal energy to
potential energy is < 1. The ratio is around 0.2–0.4 after
this time, indicating that the material is bound to the
system. In contrast, the flow around L2 is always greater

than unity and in many cases substantially so. Thus, the
fluid around L2 is not bound to and can escape from the
system. Instead, it suggests that the fluid around L2 flows
outward.
The bottom plot of Fig. 5 shows the mach number of the

flow around the L1 and L2 Lagrange points. Here we note
that the mach number is around unity for L1, which
suggests that the material is supported by a combination
of kinetic and thermal energies. Contrast this with the flow
around L2, where the mach number is substantially greater
than unity for the most part, which again suggests that
pressure plays a minor role and the material is flowing
outward. Combined with the result that the kinetic and

FIG. 2. Projected density along the x-axis, in the orbital plane, at t ¼ 0, 2.78, 5.56, 8.33, 11.11, and 13.89 hours.

FIG. 3. Projected density along the z- and x-axes at t ¼ 27.78 hours.

NICHOLAS NELSON and PHILIP CHANG PHYS. REV. D 113, 123023 (2026)

123023-4



internal energies are larger than the potential energy for the
L2 Lagrange point, as shown in Fig. 5, we can conclude that
the material should move ballistically.
As the flow appears ballistic at the L2 Lagrange point, it

suggests that this point, which is determined by a combi-
nation of gravity and orbital motion, may not be a mean-
ingful point in the flow. Contrast this with the L1 Lagrange
point where gravity, pressure, and kinetic energy all appear
to play important roles. We can see further evidence of the
minimal effects of the L2 Lagrange point in Fig. 6, where
we calculate the mass of gas in a 0.1R⊙ sphere around the
L1 and L2 Lagrange points. In nearly the entire run, the
mass in gas around the L2 Lagrange point is much smaller
than the mass in gas around the L1 Lagrange point. As this
material obeys continuity coupled with the fact that the
flow appears ballistic around the L2 Lagrange point, we can
conclude that the gas escapes in a region that is much larger
than the L2 Lagrange point, e.g., 4π steradians around the
secondary. To reinforce this point, Fig. 7 calculates the
mass flux through different sections of the R ¼ 0.5R⊙
spherical shell with thickness 0.05R⊙ centered around the
secondary. The region of ṀL1 is a 30° spherical section
centered toward the L1 point. Similarly, the region of ṀL2 is
a 30° spherical section centered toward the L2 point. The
final region is the remainder of this spherical shell, which
we define as Ṁ0.5R⊙

and refer to as the remaining region.
Figure 7 shows that the mass flux that through the L1 region
will flow out through both the L2 and remaining regions.
This figure also shows that, largely, most of the outflowing
mass moves through the remaining region. In all cases, the
mass inflow through the L1 region is much larger than the
mass outflow through the L2 region.
In the top plot of Fig. 8, we plot the spherical mass loss

rate, Ṁ, as a function of radius at t ¼ 14.17 hours. Well
outside of the binary, Ṁ settles around 0.1M⊙ yr−1.

FIG. 4. Spherically averaged gas density as a function of radius
with respect to the WD at t ¼ 14.17 hours. The density behaves
roughly as a broken power law, with breaks at R ¼ RRoche and at
the companion (R ¼ R2).

FIG. 5. Ratio of kinetic and internal energies to the potential
energy at the L1 and L2 Lagrange points (top plot). Mach number
of the flow at the L1 and L2 Lagrange points (bottom plot). The
above plots suggest that the flow around L1 is driven by thermal
and kinetic energy while the flow around L2 is dominated by
kinetic energy.

FIG. 6. Mass near the L1 and L2 points as a function of time.
Note that the mass around L1 is substantially larger than the mass
around L2. The ballistic nature of the flow at this point coupled
with low mass implies that the L2 point is not significant.
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Motivated by this, we then plot Ṁ at r ¼ 3R⊙ as a function
of time. In the beginning, there is no mass outflow as the
envelope expands. At 6 hours, the material starts to flow
through the L1 point as discussed above, and a few hours
later this material is ejected from the system and flows
through the r ¼ 3R⊙ spherical shell. We demonstrate this
in Fig. 9, where we plot the ratio of internal and kinetic
energies compared to potential energy. As we can see in the
plot, the ratio is generally above unity (sometimes sub-
stantially so) and, thus, this material is unbound and is
expected to leave the system. This results in a mass loss rate
of about ≈0.2 − 0.3M⊙yr−1 and an outflow velocity of a
few ×100km s−1 (Fig. 10). Given the timescales of
classical novae of a few days and a mass of the envelope
of 10−3M⊙, this is reasonable and suggests that the heating
rate that we imposed on the problem can approximate novae.

B. Angular distribution of ejected mass

We now explore the angular distribution of the ejected
material. In Fig. 11, we plot the angular distribution of the
mass,dM=d cos θ, for thematerial atR > RRoche for t ¼ 8.33,
11.11, 13.89, and 27.78 hours. The material flows through
the L1 point and adopts a distribution that is concentrated near
the orbital plane. This is clearly seen in the peak of the
distribution near θ ¼ 0 and its deficit near the poles.
The concentration near the orbital plane stands in stark

contrast to the situation in common envelope evolution
(CEE), where the ejecta is distributed over 4π steradians
[21]. Part of it may be due to the difference in physical
situation. In the CEE situation, the secondary plunges
through an envelope that is locally homogeneous in the
plunging phase [20,21]. However, here the fluid is clearly
not homogeneous as it pours over to the secondary at the L1

point. It could also be a question of scale, as CEE ejection is
roughly spherically at large radii.
There is indeed substantial evidence that at large radii

the ejecta from classical novae is also roughly spherical.

FIG. 8. Ṁ as a function of radius at t ¼ 14.17 hours (top plot).
Ṁ as a function of time at r ¼ 3R⊙ (bottom plot). Well outside
the binary, Ṁ ∼ 0.1M⊙ yr−1. From the bottom plot, we can
approximate a mass loss rate of Ṁ ≈ 0.2–0.3M⊙ yr−1.

FIG. 9. Ratio of kinetic and internal energies to the potential
energy at the R ¼ 3R⊙ spherical shell.

FIG. 7. Mass flux in the shells around the L1 Lagrange point,
the L2 point, and R ¼ 0.5R⊙, each measured with respect to the
companion star with a thickness of 0.05R⊙. Note that the drop-
offs for Ṁ0.5R⊙

are due to noise caused by the movement of the
companion star.
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In Fig. 12, we plot the angular distribution of the mass for
R > 10R⊙, R > 15R⊙, and R > 20R⊙ at t ¼ 11.11, 16.39,
and 27.78 hours. At t ¼ 16.39 hours, for R > 10R⊙, the
mass distribution is still biased toward the orbital plane, but
this changes as we move toward R > 20R⊙, where the mass
distribution is more isotropic. Let us now compare this to
the photosphere for these classical novae. Given a mass loss
rate of 0.01M⊙ yr−1, we can compute the density profile of
the envelope from Ṁ ¼ 4πρr2v to find

ρðrÞ ¼ 10−6Ṁ−2v−13 r−2⊙ ð9Þ

where Ṁ−2 ¼ Ṁ=10−2M⊙ yr−1, v3 ¼ v=103 km s−1, and
r⊙ ¼ r=R⊙. The photosphere can be estimated to be where
the optical depth τ ¼ κρr, equals unity and thus

rph ≈ 1.4 × 103Ṁ−2v−13 κ0.2R⊙; ð10Þ

where κ0.2 ¼ κ=0.2 cm2 g−1. This is roughly in line with
observations [2]. Notably, the photosphere is substantially
outside of where the flow becomes spherical, and thus we
can presume that the spherical distribution we see at 20
solar radii continues on to the photosphere. Additionally,
given ejecta velocities of around v ¼ 200–500 km s−1, and
the 5 hour time difference between the top and middle plot
of Fig. 12, the ejecta would flow ∼5 − 13R⊙. This means
that R > 10R⊙ in the top plot will become R > 15R⊙ or
R > 20R⊙ in the middle plot. It is clear that this material
becomes more spherical, indicating an evolution of the
ejecta. Even so, looking at R > 10R⊙ in all three plots,
the ejecta becomes more spherical as time progresses.
Thus, both effects of ejection and ejecta isotropization are
present.

C. Angular momentum

The ejection of mass during a nova carries angular
momentum away from the binary, which can influence the
evolution of the system [14–17]. We see this in Fig. 13
where we compute the angular momentum of the gas Lg
relative to the total angular momentum of the binary, where
the angular momentum is defined relative to the center of
mass of the binary:

Ltot ¼ μ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

GMtota
p

ð11Þ

where μ ¼ m1m2=Mtot is the reduced mass and Mtot ¼
m1 þm2 is the total mass, m1 is the mass of the WD
primary, and m2 is the mass of the secondary. Note that Lg

is initially nonzero. This is because the envelope is
associated with the WD primary, which is orbiting about
the center of mass of the binary. However, Lg at r > 1,> 2,

FIG. 10. Average radial gas velocity as a function of radius at
t ¼ 14.17 hours (top plot) and as a function of time around 4R⊙
(bottom plot). As seen in the top plot, the radial velocity increases
roughly linearly with radius before it asymptotes toward a value
of vr ∼ 300 km s−1, which occurs roughly at R ¼ 4R⊙. The
lower plot then observes the average radial velocity over time at
this radius. We see vr fluctuate from 200–300 km s−1 before
peaking at vr ∼ 500 km s−1 at t ∼ 11 hrs.

FIG. 11. Distribution of gas mass as a function of θ for R >
RRoche at t ¼ 8.33, 11.11, 13.89, and 27.78 hours. The mass
peaks in the orbital plane (cos θ ¼ 0) and is a minimum near the
poles of the system (cos θ ¼ �1). The difference between the
maximum and minima decreases as time increases but remains
substantial at small radii.
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and > 4R⊙ starts at 0 because the envelope does not reach
these radii initially. As the system evolves and the envelope
expands and is ejected, Lg increases. This must be matched
by a corresponding decrease in the angular momentum of
the binary.
The magnitude of this effect depends on where the

moment arm is. The moment arm might be at the position
of the WD, the secondary star, or the L2 Lagrange point. To
illustrate this, we first consider Eq. (11) and expand around
the secondary mass, m2 → m2 − δm to find

δL ¼ m1ðm2 − δmÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Ga
m1 þm2 − δm

s

− Ltot: ð12Þ

We then Taylor expand to find

dL
dm

�
�
�
�
2

¼ Ltot

Mtot

�
1

2
−

1

q2

�

ð13Þ

where q2 ¼ m2=Mtot. A similar expansion around m1 will
yield an analogous expression for dL=dmj1, except we
replace q2 with q1 ¼ m1=Mtot.
The expressions for dL=dmj1 and dL=dmj2 define the

specific angular momentum loss via mass ejection around
the primary and secondary, respectively. Tang et al. [14]
suggest that angular momentum can also be lost through
the L2 point of the binary system. The moment arm in this
case is rL2

which is the distance between the center of mass
of the binary and the L2 point. We express this as

rcom;L2
¼ rL2

− aþ að1 − q2Þ; ð14Þ

FIG. 12. Gas mass distribution for R > 10R⊙, R > 15R⊙, and
R > 20R⊙ at t ¼ 11.11, 16.39, and 27.78 hours. For
t ¼ 11.11 hours, we see a deficit in material at the orbital plane
(cos θ ¼ 0) with peaks between the plane and the poles
(cos θ ¼ �1) for all radii shown. For t ¼ 16.39 hours, at
R > 10R⊙, the gas is slightly preferentially located toward the
orbital plane by about one order of magnitude. However, as the
radius increases to R > 15R⊙, we see this peak become only
slightly greater than at the poles. This is again seen at R > 20R⊙,
where the mass distribution is roughly spherical. This mass
distribution proves to be even more spherical at t ¼ 27.78 hours
for all radii shown.

FIG. 13. Gas angular momentum as a function of time. The
blue line shows the total gas angular momentum, while the
orange, green, and red lines show only the angular momentum of
the gas beyond 1R⊙, 2R⊙, and 4R⊙ respectively. The angular
momentum of the gas remains roughly constant until ejection
begins at t ∼ 8.5 hrs. The increase in the gas’ angular momentum
at this time is matched by a decrease in the binary’s angular
momentum.
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where rL2
is the distance from theWDto theL2 point, anda is

the semimajor axis. We then calculate the specific angular
momentum lost through the L2 point with the following:

dL
dm

�
�
�
�
L2

¼ Ωr2com;L2
; ð15Þ

where Ω ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

GMtot=a3
p

is the Keplerian frequency.
In Fig. 14, we plot the specific angular momentum of the

gas Lg=mg for r > 1 and 4R⊙ normalized to the specific
angular momentum of the system,

l ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

GMtota
p

; ð16Þ

as a function of time. Here, the specific angular momentum
of the gas is 0 until the gas flows across the r > 1 and
> 4R⊙ spherical surfaces at t ≈ 7.5 and 10 hours, respec-
tively. We also include the specific angular momentum at
the primary dL=dmj1, the secondary dL=dmj2, and the L2

Lagrange point dL=dmjL2
. The observed specific angular

momentum loss is well predicted by dL=dmj2, so we
interpret the ejection of gas as an isotropic ejection at the
position of the secondary. The increase in the angular
momentum of the gas would argue that the moment arm is
not at the position of the WD primary. Finally, we do not
see angular momentum being lost through the L2 point of
our system, which further reinforces our claim that the L2

Lagrange point is not important in nova ejection.
We will note that the angular momentum loss is modified

by the binary interaction. This is in qualitative agreement
with the results of Shen and Quataert [13] and Tang et al.
[14]. However, the assumption that the mass is lost through
the L2 point results in an enhanced angular momentum
loss rate that is not supported by our simulations. How this

quantitatively affects the results of Tang et al. [14] is a
question beyond the scope of the current study.

IV. DISCUSSION AND CONCLUSIONS

In this paper, we numerically explore the ejection of
material by binary interaction in classical novae as recently
explored by Shen and Quataert [13]. For a prescribed
heating rate, we find that the binary interaction plays an
important role in the expansion of the WD envelope. Here
we will summarize the salient features. First, the envelope
flows through the L1 Lagrange point and interacts with the
secondary. This interaction with the secondary drives the
flow to be ejected from the system though it is ejected
somewhat isotropically around the secondary, i.e., the L2

Lagrange point does not play an important role in the
ejection. We can see this in looking at the relative
dominance of kinetic and thermal energies compared to
the gravitational potential energies at the L1 and L2

Lagrange points. Second, while the material is heavily
influenced by the secondary and one might expect that a
signature of the orbital plane would manifest itself in the
ejecta distribution, we find that at large radii the distribution
is more or less spherical. This is in line with recent
numerical studies on CEE, which found a spherical dis-
tribution of ejecta at large distances [21]. Finally, the
interaction with the binary enhances the amount of angular
momentum carried away by the ejecta as it changes the
moment arm to the location of the low-mass secondary.
This will likely enhance the angular momentum transport
and evolution of binary systems, but the effect would be
moderated compared to the results of Tang et al. [14].
There are a number of future directions in which this can

be taken. First, since the ejection is expected to be spherical
at large distances, a study of how this ejected material
continues to evolve would be a worthy topic of study. In
particular, the spherical distribution suggests that a simple
1-D study may be sufficient to capture all the dynamics.
Second, how this enhanced angular momentum transport
affects the evolution of the binary system is also a
worthwhile topic of study. Finally, we have assumed that
the secondary is essentially a pointlike gravitational mass in
this work. In reality, the secondary is a large Roche-filling
body. The hydrodynamic interaction between the expand-
ing WD envelope and the Roche-filling secondary cannot
be discounted in this situation. The effect of hydrodynamic
effects on the expanding envelope is a challenging numeri-
cal problem but is a topic for future study.
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