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ABSTRACT

We present time-lapse spectroscopy of a classical nova explosion commencing 9 days after discovery.
These data reveal the appearance of a transient feature in Fe 11 and [O 1]. We explore different models
for this feature and conclude that it is best explained by a circumbinary disc shock-heated following
the classical nova event. Circumbinary discs may play an important role in novae in accounting
for the absorption systems known as THEA, the transfer of angular momentum, and the possible

triggering of the nova event itself.
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1 INTRODUCTION

A classical nova is an explosion on the surface of a white
dwarf and a less-evolved companion in a close binary. The
companion is usually a main sequence star, or a red giant.
Hydrogen gas accretes from the companion onto the sur-
face of the white dwarf via an accretion disc (in the absence
of strong magnetic fields), until the high temperatures and
pressures at the bottom of the accreted layer pass a critical
threshold and the hydrogen gas commences nuclear fusion.
This powers a very rapid thermonuclear runaway reaction,
and the resultant explosion ejects a shell, on average of mass
2 x 107* Mg (Gehrz et al. 1998).

Classical nova explosions are rare opportunities to study
what happens when a binary star system consisting of a
white dwarf and a donor star undergo such a perturbation -
dynamically, thermally and chemically. Spectroscopic study
of the immediate post-explosive behaviour following a nova
is a powerful tool to reveal, via the Doppler effect, dynam-
ical changes, and via the appearance and subsequent dis-
appearance of various emission lines, the changes that arise
following nucleosynthesis and shock heating.

In March 2018, a nova detonated in Carina, a circum-
polar location in the Southern Hemisphere sky, very con-
venient for continuous observation. It was discovered by
the All Sky Automated Survey for SuperNovae! (hereafter
ASASSN) and hence was named as ASASSN-18fv as well as
Nova Carinae 2018, and V906 Carinae. We followed this up
spectroscopically with dense coverage (an average of 13.8 hr
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per nychthemeron) from days 9-20, with sparse coverage af-
ter that. Much rich behaviour was observed giving insights
into different aspects of nova evolution in the first few weeks
after explosion. In this paper we focus on remarkable tran-
sient spectral features associated with Fer and [O1] lines.

As detailed in Arai et al. (2016), there has been much
debate surrounding the origin of multiple absorption sys-
tems in classical novae. These systems were initially iden-
tified by McLaughlin (1950) as the ‘principal’ and ‘diffuse-
enhanced’ absorption systems. Since then, Williams et al.
(2008) has suggested another type of absorption compo-
nent, the transient heavy element absorption (THEA). They
suggest a reservoir of circumbinary gas is the origin of
the low radial velocity THEA system. Circumbinary discs
around cataclysmic variables were theoretically investigated
by Spruit & Taam (2001), who believe such discs could be
important in explaining angular momentum transfer in clas-
sical novae. However, to our knowledge this is the first direct
observation of a circumbinary disc surrounding a classical
nova in the literature to date, although Monnier et al. (2006)
does hypothesise the existence of a circumbinary reservoir
around the recurrent nova RS Ophiuchi.

In Section 2, we describe our round-the-clock spectro-
scopic coverage of the nova ASASSN-18fv. In Section 3, we
confront our data with a circumbinary disc model. In Sec-
tion 4, we describe the context and theoretical background
for interpreting our observations. In Section 5, we discuss
alternative possible models including a pinwheel geometry
as reported by Tuthill et al. (2007). In Section 6 we present
our conclusions.
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Table 1. List of exposure times for observations of ASASSN-18fv,
in decreasing order of number of observations, as of 4" February
2020. The exposure times were chosen to suit the instantaneous
brightness of the target, for example to avoid saturating the H-a
line.

Exposure time  Number of spectra

100 1370
300 1194
200 217
150 140
10 110
60 64
250 52
60 64
3 29
3000 6
1000 3

2 OBSERVATIONS

The earliest detection of the nova ASASSN-18fv was at
2458193.819444 JD by the Evryscope-South observatory, ac-
cording to Corbett et al. (2018), which we refer to as the
discovery date for the system. It was independently dis-
covered after this by Stanek et al. (2018) using AS-ASSN.
In this paper, we reference times as days since commence-
ment of brightening (2458193.819444 JD). This will be im-
portant for our timing data, which is given in this format
unless indicated otherwise. We use the unit mAU for milli-
Astronomical Units as this is a convenient length scale to dis-
cuss the orbital separations and circumbinary radii of such
a classical nova system.

2.1 Global Jet Watch observatories

Spectra of ASASSN-18fv spanning a wavelength range of
approximately 5800 A to 8400 A and with a spectral resolu-
tion of R ~4000 were observed starting from +9.514d. These
were carried out with the multi-longitude Global Jet Watch
telescopes, each of which is equipped with an Aquila spec-
trograph; the design and testing of these high-throughput
spectrographs are described by S. Lee et al. (2020, in prepa-
ration). The observatories, astronomical operations, process-
ing, and calibration of the spectroscopic data streams are
described in K. M. Blundell et al. (2020, in preparation).

We used a range of exposure times throughout the ob-
servations of ASASSN-18fv to ensure that we could both
capture unsaturated Balmer Hea in the shorter exposure
times, and detect weaker signals in the longer exposure
times. We also varied the exposure times as the light curve
changed, as classical novae change luminosity by several or-
ders of magnitude. A detailed breakdown of exposure times
is given in Table 1.

2.2 Epochs of observations

Figure 1 is a histogram of the number of spectroscopic ob-
servations captured, binned daily for the first ten days of
observations. The different colours represent the different
observatories. What is notable about this dataset is that we
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Figure 1. Stacked histogram showing the number of spectra
taken each day per observatory during the early days of obser-
vation. CL - Chile, OZ - East Australia, SA - South Africa, WA
- West Australia.

have an unbroken run of over 100 spectra per night for the
fastest evolving part of the light curve - these ten days. Fur-
thermore, the first three days have over 300 spectra each.
We have 22.5hr of CCD exposure time in the first 24 hr of
the observation set. This is made possible because the tele-
scopes are separated in longitude around the Earth, such
that when one is in daylight, another is in night. In total
3256 spectra were taken up to 2018 Sep 30, extending over
a timespan of 6 months since the detonation. Our investiga-
tions of other spectral features and their evolution will be
presented in subsequent papers.

2.3 Spectral features

Figure 3 illustrates a spectral feature, somewhat in the shape
of the silhouette of a capital M with sloping outer edges,
which we noticed in several of our spectra while investigat-
ing other aspects of the evolving nova. This feature is most
prominent from +13.5d to +20d, shown by the central col-
umn in Figure 3. Its origins can be traced as early as day
+13.1d (top left panel), while traces of this structure remain
until +50d (bottom right panel), but we note that it does
not constitute a detection at these extremes of times as the
signal-to-noise is too low. Each of five different colours repre-
sents an overlaid spectral feature corresponding to a different
rest wavelength of an Fe1l or [O1] line. We see no evidence
for any spectral shape resembling this feature in either Ha
or He. It is remarkable that the sloping outer boundaries of
this feature overlay one another with such good agreement
for each of the five lines. The modal velocities correspond
to the velocities of the outermost particles in a disc, per
Elitzur et al. (2012). This signal is consistent with the nova
having very low (< 50kms™!) systemic velocity. This is cor-
roborated by the pre-maximum spectra, which show narrow
absorption lines with Doppler shifts roughly Ad < 1A rela-
tive to the rest wavelengths, within the spectral resolution.

We see no significant change in the velocity width of the
spectral features shown in Figure 3. We discuss the implica-
tions of this observation in Section 3.1 below.
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2.4 Iron and Oxygen disc detection

We observe transient disc-like emission profiles at five dif-
ferent central wavelengths across our spectra, highlighted in
bold in Figures 2 and 4. It is clear from Figure 3 that align-
ing the profiles on rest wavelengths of known Fe Il emission
lines (5991 A, 6432 A, 6456 A, 6516 A) and the 6300 A [O I
line gives remarkable concordance in the velocity profiles at
+17.8d. The modal Doppler shift velocity, most naturally
interpreted as the rotational velocity at the outer edge of
a disc, is measured at —266kms~! for the blue wing, and
254kms~! for the red wing. This is the same ballpark speed
as the initial low velocity component absorption features
observed in Ha and O 17774 A lines (D. McLoughlin et al.
2020 in preparation). The M-shaped profile is unambigu-
ously present from +13.9d to +19.8d, with marginal hints
outside this range.

2.5 Profile variations

For each epoch shown in Figure 3, we superimpose six spec-
tra taken within minutes of each other, to demonstrate that
this is a persistent signal, not simply spectral noise. While
all these lines show the overall M-shaped profile, there is
some variation between the profiles of different spectral lines
within each epoch. We investigated whether telluric absorp-
tion lines had affected some of the Felr and [O1] profiles,
and established that while there are some such lines, they
were too narrow and weak to significantly alter the profiles
in our spectra.

There is a notable deviation from the clear M-shape
seen in Figure 3 at early times in the 6432 A line (yellow, left
column), and at later times the 6456 A line (green, middle
column). For each of these two cases, the emission decre-
ment relative to the other lines is limited to the blue-shifted
peak. The decrement itself evolves with time, disappearing
for some of the spectra and returning later in others, which
suggests that a real physical evolution is unfolding, which
merits a detailed numerical simulation, in a future paper.

Fe-rich circumbinary disc around a nova
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Figure 2. A single spectrum of exposure time 150s observed at the GJW-CL observatory at +17.905d, showing the characteristic
signatures of the disc feature, at a number of different wavelengths (identified as four different Fe 1 transitions at 5991 A, 6432 A, 6456 A,
6516 A, and the forbidden [O1] 6300 A transition) indicated in Fig 3.
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Figure 3. The central column shows a clear sloping M-shaped spectral feature in four lines of Fell and one line of [O1]. Spectra taken
at nine different epochs, shown in velocity space using the rest wavelength of each line as the zero as zero radial velocity. The rightmost
panel shows the light curve, with time increasing up the page, and magnitude increasing to the right. The observation times are shown
superimposed on the light curve as horizontal green, peach and lilac lines. After at best a marginal detection at 4+13.1d, we see the Fell
and [O1] signature emerge from +13.9d, and last until +19.8d. At each epoch, we superimpose six spectra taken within minutes of each
other to demonstrate that this is a persistent signal, not just spectral noise.
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Figure 4. Three example spectra taken at +13.123d (dark blue), +14.963d (red), +17.926d (light blue). The three panels clockwise

from top left show the full spectra, a close-up of the Ha complex, and the full spectra cropped to show the spectral features other than
Ha. The bold segments of these spectra are the same sections as those shown in bold in Figure 3.
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Table 2. Fitting constraints for the uniform disc model using
integration over disc area. Note that we combine the mass and
outer radius parameters into one free parameter for the fit, since
M/r is degenerate in this Keplerian model.

Parameter Lower bound | Upper bound
Kepler Mass 0.5Mo 3 Mo
Outer Radius 0.1mAU 107 AU
Radius ratio 0 1

Vrot / Vthermal 0 20

3 INTERPRETATION

3.1 Spectral shape

The double-peaked spectral features (showing such structure
for many Fe1l lines and for the forbidden [O1] line (very dif-
ferent transitions) with such similar boundaries in velocity)
are naturally interpreted as rotating gas, as evinced by Fig 5.
We discuss other possible interpretations in detail in Section
5, but we find that rotating gas best fits the data. We fit this
model to our data in Section 3.2.

3.2 Disc model and fitting

Following Elitzur et al. (2012), we model the nova as having
a kinematically double-peaked Keplerian ring. Our simple
model considers a flat disc viewed edge-on, with all particles
on Keplerian orbits. We assume constant density through-
out the ring for simplicity. The double-peaks arise naturally
from the geometry; considering contours of constant line-of-
sight velocity, the longest such contours correspond to the
modal velocity, or the peaks of the spectral signature. The
contour of zero radial velocity is caused by material moving
perpendicular to the line-of-sight. This is a shorter contour
than that for higher absolute Doppler shifts, explaining the
dip between the peaks.

We fit this model to our data as shown in Figure 5, using
three free parameters: (i) total Keplerian central mass / ra-
dius of emissive material (Miot/rgisc) (ii) radius ratio of disc
(rin/rout) (iii) characteristic velocity ratio (vrot/Vthermal)-
Table 2 details the upper and lower bounds we used. The
mass bounds were designed to incorporate the full range of
what could be expected for this system. Considering that
the likely mass range for the white dwarf in a classical nova
system is at least restricted to 0.6 Mo to M-y = 1.4 Mo
(the Chandrasekhar limit)(Shara et al. 2018), we believe the
combined mass of the two stars to be contained within the
interval 0.5 Mg < Miot < 3 Mg. The inner/outer radius was
allowed to vary from 0, the disc, to 1, the vanishingly thin
ring. The relative velocity scales was allowed to range from
0 to 20, as per Elitzur et al. (2012).

The results of the fitting are in Table 3. We utilised an
MCMC fitting procedure based on the emcee python pack-
age Foreman-Mackey et al. (2013). Since the mass and outer
radius are degenerate, we list the system parameters derived
from the combined mass/outer radius free parameter for the
case of the inner binary having Mot = Mg.

Table 3. Fitted parameters for the uniform disc model using
integration over disc area. Since total enclosed mass and radius
are degenerate in this model, we present the values assuming the
mass is Mot = Mo

Parameter Fitted value
Mot 1Mo
Inner Radius 0.017mAU
Outer Radius 14.7mAU

le/Vlhermal 5.100
244kms~!

Outer Velocity
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Figure 5. Best fit for a rotating Keplerian disc with uniform
surface density, viewed edge-on. Data are taken from the 6516 A
Fe1 line signal, taken at 4+13.928d at the GJW-CL observatory
in Chile, indicated on the light curve with a horizontal line. The
bins are 0.3 A wide, or 14kms~! at this wavelength. The peach-
coloured vertical lines indicate the velocity of the fit at the outer
edge of the disc.

4 CIRCUMBINARY DISCS
4.1 Theoretical predictions

According to the n-body, test particle, 3D simulations of
Doolin & Blundell (2011), there are 3 families of remark-
ably stable circumbinary orbits around binary star systems
throughout eccentricity/mass ratio parameter space. Stable
here means not that the material is confined to closed or-
bits whose trajectory through space is unchanging through
time, but rather orbits that stably precess about the binary
star system indefinitely. They reported that the rate of pre-
cession depends on both eccentricity and mass ratio in the
sense that for a more eccentric system, or for a more skew
mass ratio, the shorter the period of precession.

The distance from the binary centre of mass to
the innermost stable radius for test particle orbits has
been studied numerically and analytically (Szebehely 1980;
Holman & Wiegert 1999). It is given as ro = f(q)ap =
f(q@)r(1+gq) where ap is the binary separation, q is the mass
ratio m/M, and r is the orbital radius of the less massive
component. f(0.1) =2 and f(0.3) = 2.3

4.2 Significance of timing

As shown in Figure 3, the M-shaped signal becomes clear at
+13.9d. The signal then fades into noise after a week, with
very little trace of the detailed shape remaining after +19.8d.
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Taking the speed of sound in the intervening medium be-
tween the explosion and a hypothetical circumbinary disc
to be 1kms™!, and the circumbinary radius to be two times
bigger than the semimajor axis to be approximately 10 mAU,
the time for a shockwave to reach a circumbinary disc would
be around 17 d. This is the same ballpark time that it takes
for the signal we observe to appear.

What about the switch-off time? The signal appears to
melt away ~10days after appearing. This could be due to
cooling of a shock-heated circumbinary disc. Under this in-
terpretation, a shockwave travels radially outwards from the
initial event for 14 days, then arrives at the disc and shock-
heats it, rapidly causing emission in a profile that informs
us of the underlying pre-existing circumbinary disc geom-
etry at +13.9d. This recently heated disc is visible clearly
for a week, but loses energy through radiation, and cools,
which we observe as the disc signal grows fainter and fainter
over the following week (from +19.8d to +27d). Crucially,
in any model involving a sustained wind or ejection, it isn’t
trivial to conjure up a reason for the ejection to turn off in
a week-long decay.

We also observe a change in dynamics over the week of
strong signal. Close inspection of the spectrum at +17.8d
in Figure 3 reveals that the left peak is in fact dynamically
split at this epoch. The 6516 A and 6456 A lines at +13.9d
show no sign of such splitting, but it develops in the next
4 days. Under the shock-heated circumbinary rotating disc
interpretation, it is reasonable that the shock disrupts the
equilibrium and introduces dynamical changes as it spreads
outwards through the gas. We used the 6516 A line at +13.9d
for fitting in Section 3.2 because it reflects the pre-existing
gas, not the post-shock state.

4.3 Significance of chemistry

Our observations of the disc signature are identified as be-
ing Fe11 and [O1] ions, and we do not observe this structure
in H or He. Whatever the mechanism for establishing a
circumbinary body of gas, if the gas was formed of recent
ejecta then we would expect to see the M-shaped profile in
hydrogen and helium spectral lines (Ha 6563 A, He 7065 A
He 5876 A) We speculate that the signal is dominated by rel-
atively heavy species because lighter particles do not remain
in these orbits for long times. It is possible that, much like
the Jeans escape mechanism for the atmospheres of planets,
the lighter elements pick up enough kinetic energy through
the temperature (via the equipartition theorem) to cease to
be bound in the circumbinary disc. On the other hand, for
the heavy elements, particles have less speed for the same
temperature, and do not reach the required escape veloc-
ity. The notable absence of M-shaped profiles in our spectra
from hydrogen or helium lines corroborates our belief that
this circumbinary system pre-existed the recent explosion.
This is a very preliminary argument outside of the main
thrust of this work, and needs further consideration by a
more detailed study.

4.4 Circumbinary discs in classical novae

A longstanding problem in this field is the white dwarf mass
problem, detailed in Zorotovic & Schreiber (2019). The fun-
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damental problem is a discrepancy whereby the theoreti-
cal model predictions of the white dwarf mass consistently
underestimate the mean observed value in well-determined
spectroscopic binaries of M, = 0.83 M. Consequential an-
gular momentum loss (CAML), or angular momentum loss
additional to gravitational radiation and magnetic braking,
is necessary to resolve the discrepancy (Schreiber et al. 2016;
Liu & Li 2018). One such mode of angular momentum loss
from the inner binary could be provided by a circumbinary
disc.

Spruit & Taam (2001) sets out the theory behind cir-
cumbinary discs surrounding cataclysmic variables. They
argue that cataclysmic variables have a high variance in
the mass-transfer rate M given the small variation in white
dwarf masses. A circumbinary disc applies a tidal torque to
the secondary star undergoing Roche lobe overflow, increas-
ing both angular momentum transfer and M. They show
that if only a small fraction from 10™% to 1073 of the total
M lost from the secondary is trapped in a circumbinary disc,
this disc will become massive enough on short timescales so
as to influence the mass transfer. Furthermore, as this is a
positive feedback mechanism, it can continue to accelerate
mass transfer, which could act as the “trigger” for a cata-
clysmic event such as a classical nova. It is interesting in this
regard that a circumbinary disc whose existence we posit on
the basis of Fig 5 could explain the mass problem and could
act as a trigger for the nova detonation.

4.5 Kepler argument for disc being circumbinary

This section aims to compare the detected rotation speed of
the disc signal with an estimate of the rotational speed of
the secondary star. If the disc signal is orbiting at a slower
speed than the secondary then we can conclude that the disc
is orbiting on a larger radius and is therefore external to the
inner binary, given the total central mass for these (assumed
Keplerian) orbits is the same in both cases.

Consider the two-body problem in a circularised Ke-
plerian system with a white dwarf, My and a lower
mass companion, My < M. Defining the mass-ratio by

q = My/My, the speed of the secondary is bounded by

. (iMmaX); (1)

Vv, = —
2max = (14+g ) \4n2 Pmin

1
2 ( G Mmin ) 3
(I + gmax) 472 Pmax )

We then take the total binary mass to satisfy Mg <
M, . <2Mcy, since the companion cannot in this paradigm
be more massive than the WD, and the WD itself cannot be
more massive than the Chandrasekhar limit Mcy. We take
the orbital period 81 min < P < 6 hr, where the lower limit
comes from observations of general novae (Kolb & Baraffe
1999). Setting the mass ratio lower limit at g > 0.1 gives

Vo min = 343km s~!1, which is comfortably larger than the
,min

260 kms~! rotation speed of our disc, for inclination angles
# < 60°. The upper bound is given by V) max = 783kms1,
which is significantly larger than the detected signal. As-
suming moderately low inclination angles, this is evidence
that the disc we detect is at a larger orbital radius from the

(2)

V2,min =
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inner binary centre of mass than the secondary is — in other
words, it is a circumbinary disc.

The profile of the first strong detection of this fea-
ture in the 6516 A Fe1r line gave the outer radius as roy =
14.7mAU. Assuming a Keplerian inner binary, with canon-
ical total mass M = 1.5Mg, typical orbital period from
Townsley & Bildsten (2005) for a classical nova of P = 4hr,
we get a semi-major axis a = 5.9 mAU for the inner binary,
in the absence of any certain evidence of eccentricity. This
puts the outer radius of rout = 14.7mAU outside the binary.
Crucially, rout > 2 X a, which puts it in the regime of stable
circumbinary orbits (Doolin & Blundell 2011).

4.6 Low-density hot gas

The same disc spectral signature is detected in the 6300 A
[O 1] line. This is evidence that its origin is in a low-density
region. It is also recently hot, as evinced by the appearance
of ionised Fe1l. This is naturally explained in the case that
it is a diffuse and expansive circumbinary disc which has
just been shock-heated by a blastwave emanating from the
recent explosion, so we see emission from it.

5 POSSIBLE ALTERNATIVE MODELS

There are a priori four mechanisms for rotation in a binary
system: (i) the underlying binary orbit, (ii) spin of one of the
stellar components, (iii) rotation of gas within the accretion
disc and (iv) rotation of gas in a family of circumbinary
orbits far outside of the binary. The spectral system arises
too late after the brightening to be readily explained by any
of (i) to (iii). If the system were evidence of an accretion disc,
it should have been seen within the first day after the first
flaring episode, and the same argument applies to (ii) and
(iii). The speeds are also lower than what we would expect
if they derived from inner binary activity — as detailed in
Section 4.5.

5.1 Bipolar outflow model

If this were a bipolar outflow, we would expect to see
it in Ha. We would also expect it to be on the order
of ~1000kms~! (not a few hundred), as per Harvey et al.
(2018). Also, if it were a bipolar outflow into a decreas-
ing density profile, you would expect it to widen in veloc-
ity space. This is an oddly transient feature, appearing at
+13.9d and lasting only until +19.8d — such transient bipo-
lar outflows have not been observed previously and we see
no reason to invoke them here.

5.2 Pinwheel model

We now consider the merits of a pinwheel model com-
pared to the circumbinary disc model. In this model, in-
stead of a reservoir of orbiting circumbinary material, some
of the secondary star’s wind escapes in a powerful stream
of gas launched radially outward from the primary, funneled
through the unstable L2 Lagrange point. As the inner bi-
nary rotates, so does this outward beam, resulting in a spi-
ral/pinwheel shape (Tuthill et al. 2007). We use a toy model
in which the system launches blobs of matter in a pinwheel,

and the intensity contribution of each expanding blob de-
creases. Simulated spectra generated via this model show
the characteristic double peaks that we observe in ASASSN-
18fv.

Let us first consider the timing data, per Section
4.2. The M-shaped signal in our observations starts up at
+13.9d, and lasts with clear signal for approximately one
week before fading into the low signal-to-noise regime. This
is naturally explained by the circumbinary disc model, as
explained in Section 4.2. In the pinwheel model however,
there is no natural geometric reason why the gas blown off
the secondary would only light up two weeks after the ini-
tial peak of luminosity. Moreover, it is not clear why, having
been established, the pinwheel would turn off after seven
days.

The second piece of evidence is the chemistry, detailed
in Section 4.3. Our observations show M-shaped profiles
clearly for Fe1r and [O 1], but we do not see it in either He or
He. For the circumbinary disc model, we reason that since
we are seeing a pseudo-stable orbiting structure, formed
prior to the most recent outburst event, there has been suf-
ficient time for the lighter elements to have escaped. This is
similar to the Jeans escape mechanism whereby the kinetic
energy of lighter gases causes them to be unbound, and they
leave a planet’s atmosphere. The pinwheel model allows no
time to lose the inevitable H and He, in disagreement with
our observations.

The third piece of evidence is the spectral shape itself.
In Figure 5, the drop-off edge at speeds higher than the peak
intensity is slanting, rather than being a vertical immediate
drop-off. The disc model predicts this naturally, since there
is matter closer to the centre which orbits faster than the
modal velocity. Under the pinwheel model, fluid parcels are
launched with a sinusoidally varying line-of-sight velocity,
such that any bolus launched parallel to our line of sight
has the maximum perceived speed. To fit the observations
at higher speeds than the peak speed, one would need to
invoke that the pinwheel engine is launching matter at a
variety of speeds. This assumption is not required by the
circumbinary disc model.

There is spectral profile asymmetry in some of the spec-
tral shapes shown in Figure 3 which is not explained by a
purely axisymmetric circumbinary disc. However, the sim-
ulations of Doolin & Blundell (2011) contend that the sta-
bility of many circumbinary orbits comes at the expense of
those orbits precessing (this is especially the case for inner
binaries having mass ratios that differ from unity or that
have significant eccentricity). Precession would act to tilt
parts of the circumbinary disc in and out of the direct line-
of-sight, readily explaining the asymmetric spectral profiles.

Occam’s razor favours the circumbinary disc. Circumbi-
nary orbits have been shown to be very stable (under certain
conditions, satisfied by ASASSN-18fv) by Doolin & Blundell
(2011), and what is stable and possible must be expected to
occur in nature. There are many examples of circumbinary
orbits, including Be star HR 2142 (Peters et al. 2016), SS433
(Perez & Blundell 2010), and 99 Herculis (Kennedy et al.
2012). While there exist elegant manifestations of pinwheel
features in nature, for example in a few Wolf-Rayet stars
(Tuthill et al. 2007), we feel that a pinwheel model is nei-
ther warranted by our data, nor consistent with it.
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Figure 6. Data, left, compared to three models - rotating disc,
pinwheel, and expanding disc. Spectral feature from the 6516 A
Fe1 line signal, taken at 4+13.928d at the GJW-CL observatory
in Chile.

5.3 Outflowing disc model

Could the M-shaped profiles be caused by an outflowing disc
as opposed to a rotating disc? We argue that the fundamen-
tal spectral shape, as discussed for the pinwheel model in
Section 5.2, cannot match the observations. The edge as-
cent is vertical for an outflowing disc model, while only the
rotating disc model can account for the steady decrease in
flux at higher radial speeds than the modal speed. Despite
this, it is possible that the rotating disc is also expanding
radially outwards with a similar speed to the rotation. The
shock arriving at the circumbinary disc lights it up, and it
is possible that it also accelerates it. Any expanding disc is
nonetheless likely to be circumbinary pre-existing material
because of the timing reasons detailed in Section 4.2.

5.4 Spectral comparison of models

We have presented four models to explain this spectral fea-
ture. We rule out the bipolar outflow model because it pre-
dicts much greater speeds than observed, together with its
manifestation in H and He. Figure 6 shows a comparison
between the spectral shape determined through the remain-
ing three models — rotating disc, pinwheel and expanding
disc. Due to geometric considerations, only the rotating disc
model predicts a sloping drop-off beyond the peaks. In ad-
dition, the rotating disc best reproduces the width of the
peaks and is therefore our favoured model.

6 CONCLUSIONS

We have presented observations of Fell and [O1] emis-
sion features in time-resolved spectroscopy of ASASSN-18fv.
We showed its consistency with being a circumbinary disc
through fitting a model to the spectral shape. The possibility
that the signature in fact is related to two jets was rejected
due to the non-detection of this feature in He and He. The
rotating circumbinary disc model fits our data better than
a pinwheel scenario and two other models. We present three
separate pieces of evidence — timing data, chemistry, and
spectral shape. We outlined a simple argument using orbital
mechanics which gives a strong possibility that this disc is in
fact circumbinary. The theoretical reasons why circumbinary
discs may have a large role to play in explaining the white
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dwarf mass problem in close binary evolution for the clas-
sical nova scenario were noted. Hence we deduce that the
M-shaped profile signal rotation is seated in circumbinary
gas.

To establish the prevalence of circumbinary discs in
novae is challenging, because the signal is even shorter-
lived than the nova event itself. Both nova evolution stud-
ies in general, and investigations of their putative circumbi-
nary discs in particular, necessitate sustained highly time-
resolved spectroscopic observations.
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