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A B S T R A C T 

We present hydrodynamical simulations to model the accretion flow from a polar circumbinary disc on to a high eccentricity 

( e = 0.78) binary star system with near unity mass ratio ( q = 0.83), as a model for binary HD 98800 BaBb. We compare the 
polar circumbinary disc accretion flow with the previously studied coplanar case. In the coplanar case, the circumbinary disc 
becomes eccentric and the accretion alternates from being dominant on to one binary member to the other. For the polar disc case 
involving a highly eccentric binary, we find that the circumbinary disc retains its initially low eccentricity and that the primary 

star accretion rate is al w ays about the same as the secondary star accretion rate. Recent observations of the binary HD 98800 

BaBb, which has a polar circumbinary disc, have been used to determine the value of the H α flux from the brighter component. 
From this value, we infer that the accretion rate is much lower than for typical T Tauri stars. The eccentric orbit of the outer 
companion HD 98800 A increases the accretion rate on to HD 98800 B by ∼20 per cent after each periastron passage. Our 
hydrodynamical simulations are unable to explain such a low accretion rate unless the disc viscosity parameter is very small, α
< 10 

−5 . Additional observations of this system would be useful to check on this low accretion rate. 

Key words: accretion, accretion discs – hydrodynamics – binaries: general – circumstellar matter. 
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 I N T RO D U C T I O N  

t is estimated that more than 40–50 per cent of stars in the Galaxy are
n a binary pair (Duquennoy & Mayor 1991 ; Raghavan et al. 2010 ;
okovinin 2014a , b ). Circumbinary discs of gas and dust are common
round young binary stars and are locations for planet formation. 
isalignments between the circumbinary disc and the binary orbital 

lane are commonly observed (Czekala et al. 2019 ). The pre-main- 
equence binary KH 15D has a circumbinary disc tilted by about 
 

◦–16 ◦ (Chiang & Murray-Clay 2004 ; Small w ood et al. 2019 ; Poon,
anazzi & Zhu 2021 ). The pre-main sequence circumtriple disc 
round the hierarchical triple star system, GW Ori, is misaligned 
y about 38 ◦ (Bi et al. 2020 ; Kraus et al. 2020 ; Small w ood et al.
021a ). The young binary IRS 43 has a circumbinary disc with an
bserved misalignment of about 60 ◦ (Brinch et al. 2016 ). The 6–
0 Gyr old binary system, 99 Herculis, has a nearly polar (about 87 ◦)
ebris ring (Kennedy et al. 2012 ; Small w ood et al. 2020 ). 
A misaligned young system of particular interest is HD 98800. The 

ystem is at a distance of 47 pc (van Leeuwen 2007 ), and comprises
wo pairs of binaries, HD 98800 AaAb and HD 98800 BaBb (Z ́u ̃ niga-
ern ́andez et al. 2021 ). The two sets of binaries are orbiting each
ther with semimajor axis 54 au, eccentricity e AB = 0.52 ± 0.01 and
rbital period of 246 ± 5 yr (Kennedy et al. 2019 ). The orbit of the
aBb binary is well constrained with a semimajor axis a � 1 au and
ccentricity e = 0.785 ± 0.005. The masses of the two B-binary
tars are M Ba = 0 . 699 and M Bb = 0 . 582 M � (Boden et al. 2005 ).
he circumbinary disc was first thought to be coplanar to the binary
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rbital plane (Andrews et al. 2010 ) but the later observations showed
he disc to be misaligned. From their ALMA observ ations, K ennedy
t al. ( 2019 ) modelled the dust and carbon monoxide measurements
nd inferred that the radial dust component extends from 2 . 5 ± 0 . 02
o 4 . 6 ± 0 . 01 au and the gas component extends from 1 . 6 ± 0 . 3 to
 . 4 ± 0 . 5 au. Both the dust and gas components were found to be in
 similar orientation. From these observations, the circumbinary disc 
as an inferred inclination to the binary orbital plane of either 48 ◦

r 90 ◦ (polar). The polar configuration is more likely since their disc
odelling suggests that the alignment time of a 48 ◦ disc to reach

olar is very short compared to the stars’ age. Additional support of
he polar configuration was provided by the small observed size of
he inner cavity in the circumbinary disc that requires a nearly polar
isc orientation (Franchini, Lubow & Martin 2019 ). 
A misaligned circumbinary disc undergoes nodal precession. For 

 low initial inclination, the precession is around the binary angular
omentum vector (e.g. Larwood et al. 1996 ) while for sufficiently

igh initial inclination, the precession is around the eccentricity 
ector. Dissipation causes the disc to evolve to either align coplanar
o the binary orbital plane (Papaloizou & Lin 1995 ; Lubow & Ogilvie
000 ; Nixon et al. 2011 ; Facchini, Lodato & Price 2013 ; Foucart &
ai 2014 ) or align perpendicular (i.e. polar) to the binary orbital
lane (Aly et al. 2015 ; Martin & Lubo w 2017 ; Lubo w & Martin
018 ; Martin & Lubow 2018 ; Zanazzi & Lai 2018 ). 
The dynamics of a coplanar binary-circumbinary disc system has 

een the subject of many studies. The binary opens a central cavity
n the circumbinary disc through the effects of its tidal torques
Artymowicz & Lubow 1994 ; Miranda & Lai 2015 ). Circumbinary
as flows into the cavity in the form of gas streams (e.g. Arty-
o wicz & Lubo w 1996 ; G ̈unther & Kley 2002 ; Shi et al. 2012 ;
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1 The simulations are initially modelled with a mass of M d = 10 −3 M �, but 
we re-scale the masses in the simulations by a factor of 8 × 10 −4 . We expect 
that this procedure is valid, since the disc mass should not play an essential 
role in the dynamics of the binary. 
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’Orazio, Haiman & MacF adyen 2013 ; F arris et al. 2014 ; Miranda,
u ̃ noz & Lai 2017 ; M ̈osta, Taam & Duffell 2019 ; Mu ̃ noz, Miranda &

ai 2019 ). This flow is important in forming and/or replenishing
ircumstellar discs around each binary component. The properties
f the circumbinary gas disc and flow in the central cavity vary with
inary eccentricity and mass ratio. In this paper, we are concerned
ith the case of a high binary eccentricity and near unity mass ratio, as
ccurs for HD 98800 BaBb. For a high eccentricity binary with mass
atio close to unity in a coplanar system, previous simulations have
hown that there are large modulations in the accretion rate towards
n eccentric orbit binary occur on the time-scales of 1 P orb (where P orb 

s the binary orbital period), due to time-varying gravitational forces
rom the eccentric orbit binary. In addition, the circumbinary disc
cquires substantial eccentricity around such a binary (e.g. Lubow &
rtymowicz 2000 ; Mu ̃ noz & Lai 2016 ; Mu ̃ noz et al. 2019 ). As a

onsequence of the apsidal precession of the eccentric disc around
n eccentric orbit binary with mass ratio of unity, the binary member
hat accretes the most material alternates in time between the two
tars (Mu ̃ noz & Lai 2016 ). 

Less is known about the accretion process in the non-coplanar
ase. At a given radius, tidal torques are weaker in the non-coplanar
ase, giving rise to smaller central cavities (Lubow, Martin & Nixon
015 ; Miranda & Lai 2015 ; Franchini et al. 2019 ). Tidal torques
ue to Lindblad resonances on a polar disc approach zero in the
imit of unity binary eccentricity (Lubow & Martin 2018 ). Recently,
mall w ood, Martin & Lubow ( 2021b ) showed that non-coplanar gas
treams develop in the central cavity of a moderately inclined (60 ◦)
ircumbinary disc. In this paper, we explore the properties of a polar
ircumbinary disc and accretion on to the binary as a model for HD
8800 BaBb. 
Recently, Zurlo et al. ( 2020 ) conducted a surv e y of 11 transitional

iscs with the SPHERE instrument (Beuzit et al. 2019 ) at the
ery Large Telescope (VLT). Their purpose was to undertake the

argest H α surv e y dedicated to protoplanets in hopes of detecting
ircumplanetary discs. The observations were carried out using
he H α filter of the Zimpol rapid-switching imaging polarimeter
ZIMPOL; Schmid et al. 2018 ). The ZIMPOL is a subsystem in
isible light which takes simultaneous images in the H α narrow
and filter and H α continuum. One of the 11 systems that were
bserved was HD 98800 BaBb. No sub-stellar companions were
etected around the binary; ho we v er, une xpectedly, an H α flux was
etected from the primary binary component Ba. No H α flux was
etected from the secondary. From the H α flux, Zurlo et al. ( 2020 )
stimated a H α luminosity and an accretion luminosity. 

In Section 2 , we discuss the setup of the hydrodynamical simu-
ations. In Section 3 , we compare the disc structure of the coplanar
nd polar discs, along with comparing the accretion rates on to the
inary. In Section 4 , we include the outer companion HD 98800
 companion in our hydrodynamical simulations. In Section 5 , we

alculate the mass accretion rate on to the primary component in
D 98800 BaBb from the polar circumbinary disc using the H α

mission observations from Zurlo et al. ( 2020 ). Finally, we present
ur concluding remarks in Section 6 . 

 H Y D RO DY NA M I C A L  SIMULATION  SETUP  

his section describes the 3D hydrodynamical simulation setup of a
ircumbinary disc around the eccentric orbit binary, HD 98800 BaBb.
o model the accretion rate on to each binary component, we use the
moothed particle hydrodynamical code PHANTOM (Lodato & Price
010 ; Price & Federrath 2010 ; Price et al. 2018 ). We consider two
ifferent initial circumbinary disc orientations, coplanar, and polar.
NRAS 514, 1249–1257 (2022) 
HANTOM has been successful in modeling misaligned circumbinary
iscs (e.g. Nixon 2012 ; Nixon, King & Price 2013 ; Do ̆gan et al. 2015 ;
acchini, Juh ́asz & Lodato 2018 ; Aly & Lodato 2020 ; Small w ood
t al. 2020 ). The hydrodynamic discs that we model here are in the
 ave-lik e regime, meaning that the disc aspect ratio, H / R , is larger

han the Shakura & Sunyaev ( 1973 ) α-viscosity coefficient. This
s appropriate for protoplanetary discs. The consequence of this is
hat the warp induced in the disc by the binary torque propagates
s a pressure wave with speed c s /2 (Papaloizou & Pringle 1983 ;
apaloizou & Lin 1995 ), where c s is the sound speed. 
The binary is modelled with the mass and orbital parameters from

ennedy et al. ( 2019 ) that are given in Section 1 . When a particle
nters the accretion radius, it is considered accreted and the particle
ass and angular momentum are added to the sink particle. For both

he initially coplanar and the initially polar models, we consider
ccretion radii R acc = 0 . 25 , 0 . 025 , 0 . 01 au. We examine various
ccretion radii of each binary component. The smallest accretion
adius used is comparable to the size of the star. Table 1 gives a
ummary of all the hydrodynamical simulations. 

The discs initially consist of 1 × 10 6 equal mass smoothed
article hydrodynamic (SPH) Lagrangian particles that are radially
istributed from the inner disc radius R in to the outer disc radius
 out . Observ ations sho w that the inner radius of the polar disc in
D 98800 BaBb is about 1 . 6 au (Kennedy et al. 2019 ), whereas a

oplanar disc around the same binary would have a much larger inner
runcation radius of about 3 au (Artymowicz & Lubow 1994 ). As
iscussed in Section 1 , a misaligned circumbinary disc can radially
xtend closer to the binary due to the binary torque being weaker
t a given radius. We initially set the inner radius to be R in = 4 au
n all of our simulations since this is larger than the tidal truncation
adius in all cases. This allows the material to initially mo v e inwards
efore the disc reaches a quasi-steady state. If the disc were to
egin too close to the binary, there could be an initially artificially
nhanced accretion rate on to the binary, resulting in lost disc
ass. 
The outer disc radius is set to R out = 6 . 4 au, which is moti v ated

y the observations (Kennedy et al. 2019 ). We simulate the observed
as disc mass of M d ∼ 8 × 10 −7 M � for the system based on CO
ux (e.g. Kennedy et al. 2019 ). 1 The mass of the disc must be small,
ince the disc is observed to be only a few degrees away from a
0 ◦ polar state, and a larger disc mass leads to a generalized polar
tate at lower levels of misalignment (Martin & Lubow 2019 ). This
nferred disc mass limit for HD 98800 BaBb is not large enough for
elf-gravity to be important. 

The disc viscosity is modelled by using the artificial viscosity
av , which is implemented in PHANTOM (Lodato & Price 2010 ).
he disc surface density profile is initially a power-law distribution
 ∝ R 

−3/2 . We adopt the locally isothermal equation of state of Farris
t al. ( 2014 ) and set the sound speed c s to be 

 s = c s0 

(
a b 

M 1 + M 2 

)q (
M 1 

R 1 
+ 

M 2 

R 2 

)q 

, (1) 

here R 1 and R 2 are the radial distances from the primary and
econdary star, respectively, and c s0 is a constant determined by the
isc aspect ratio scaling. This prescription for the sound speed distri-
ution ensures that the primary and secondary star irradiation sets the
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Table 1. Overview of the hydrodynamical simulations. The first column shows the simulation name. The second column 
denotes the initial disc orientation, either coplanar or polar and the third column represents the accretion radius for each 
binary component. The fourth and fifth columns show the time-averaged mass accretion rate o v er the last 400 P orb on to 
the primary and secondary stars, respectively. The last column denotes whether the HD 98800 A companion is included. 

Ṁ 

avg 
acc / (M � yr −1 ) 

Simulation Orientation R acc / au Primary Secondary Third Companion? 

run1 Coplanar 0 .25 1.15 × 10 −10 1.18 × 10 −10 No 
run2 Coplanar 0 .025 1.08 × 10 −10 9.44 × 10 −11 No 
run3 Coplanar 0 .01 1.06 × 10 −10 1.06 × 10 −10 No 
run4 Polar 0 .25 6.05 × 10 −11 4.90 × 10 −11 No 
run5 Polar 0 .025 4.58 × 10 −11 4.22 × 10 −11 No 
run6 Polar 0 .01 4.43 × 10 −11 4.35 × 10 −11 No 
run7 polar 0 .25 6.28 × 10 −11 5.31 × 10 −11 Yes 
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Figure 1. The disc surface density profile at time t = 1000 P orb for a coplanar 
disc (red, run1 from Table 1 ), and polar disc (yellow, run4). The black 
line gives the initial distribution. The vertical dotted lines show the closest 
approach of the secondary companion in the plane of the disc, measured from 

the initial center of mass of the binary. The red dotted line shows this distance 
for the coplanar binary, � c , and the yellow dotted line shows this distance 
for the polar binary, � p . The inner edge of the polar disc is closer in than the 
coplanar disc. 
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emperatures around the circumprimary and circumsecondary disc, 
espectiv ely. F or R 1 ( R 2 ) � a , the sound speed is set by the distance
rom the binary centre of mass. The disc aspect ratio H / R is set to
e 0.1 at R in . With this prescription, the shell-averaged smoothing 
ength per scale height 〈 h 〉 / H and the disc viscosity parameter α are
onstant o v er the radial extent of the disc (Lodato & Pringle 2007 ).
e take the Shakura & Sunyaev ( 1973 ) αSS parameter to be 0.01.

he circumbinary disc is initially resolved with average smoothing 
ength 〈 h 〉 / H = 0.19. 

To model the circumstellar discs in PHANTOM that are fed by 
ircumbinary gas, we would need to adopt the prescription detailed 
n Small w ood et al. ( 2021b ) in which we artificially reduce the
ound speed close to each binary component. This increases the 
iscous time-scale in the circumstellar discs and allows material 
o build up around the binary components. Ho we ver, with this
rescription we would not be able to simulate for the long time-
cale required to model the quasi-steady state accretion rate from 

he circumbinary disc to the binary. Resolving bound material on 
hort length-scales is quite computationally e xpensiv e. Therefore, 
e do not try to capture the formation of such discs in these
ydrodynamical simulations, since the larger number of particles 
equired to resolve the formation of circumstellar discs around each 
inary component would significantly increase the computational 
ime. The circumstellar discs may buffer accretion on to the stars,
ut this effect is not included since we are not revolving the individual
iscs. There is no observational evidence of circumstellar discs 
round either of the binary components in HD 98800 BaBb (e.g. 
ennedy et al. 2019 ), and therefore we focus on how much material

s accreted on to the binary components. 

 C O P L A NA R  A N D  P O L A R  DISC  E VO L U T I O N  

.1 Circumbinary disc structure 

e investigate the structure and evolution of both an initially 
oplanar and polar circumbinary discs around an eccentric binary. 
ig. 1 shows the surface density profile at t = 1000 P orb for the
oplanar and polar models (runs 1 and 4 from Table 1 ). The coplanar
urface density profile is truncated at about 2 –3 au, while the surface
ensity profile for the polar disc extends inward to about 1 au.
or a particular radius from the centre of mass of the binary,

he tidal torque is stronger around a coplanar binary than a polar
inary. As expected (see Section 1 ), the polar disc’s inner edge
xtends closer to the binary than the coplanar disc. We also show
he maximum orbital radius of the secondary component in the 
isc’s plane for both coplanar and polar disc orientations. For the 
oplanar disc, this distance is � c = 0 . 97 au. For the polar disc, this
istance is measured from the initial center of mass of the binary
hen the binary components are in the plane of the disc, which

s � p = 0 . 21 au. 
We further investigate the disc eccentricity and surface density 

or the two disc configurations. The top row in Fig. 2 shows the
adial disc eccentricity evolution for the coplanar disc (run1 from 

able 1 ) versus the polar disc (run4) and the bottom row shows the
adial disc surface density as a function of time. There is heightened
ccentricity growth around 2 –3 au for the duration of the simulation
or a coplanar disc. The patches of high eccentricity at < 2 au are
n the central gap region (seen from the bottom-left panel) where
he gas streams flow. The polar-orientated disc shows no heightened 
ccentricity growth except at the inner disc edge. From the surface
ensity renderings, we see more material closer to the binary in the
MNRAS 514, 1249–1257 (2022) 

art/stac1416_f1.eps
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M

Figure 2. The disc eccentricity evolution for a coplanar disc (upper left panel, run1 from Table 1 ) and polar disc (upper right panel, run4). The x and y axes 
give the time in binary orbital periods, P orb , and disc radius, r , respectively. The upper colour bars denote the disc eccentricity value, e . Eccentric material arises 
within the coplanar disc that is not present in the polar disc. The bottom left and right-hand panels show the disc surface density evolution for an initial disc tilt 
of coplanar and polar, respectively. The lower colour bars denote the disc surface density value, �. The disc that is initially polar is able to have stable material 
closer to the binary due to a weaker binary torque e x erted on to the disc at a given radius. 
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olar disc than in the coplanar disc, as expected. Such eccentric disc
ehaviour around a binary at a similar binary eccentricity has been
ound previously, as discussed in Section 1 . The cause of the disc
ccentricity is not known. It could be due to tidal resonances with
he binary (Lubow 1991 ). 

Fig. 3 shows the global disc structure for both coplanar (left
olumn) and polar (right colmun) orientations at t = 300 P orb and
00 P orb , respectiv ely. F or the coplanar model, there are prominent
piral streams transporting material from the circumbinary disc
hrough the binary cavity and eventually accreting on to the binary.
t t = 300 P orb the strong stream is flowing dominantly on to the

econdary companion, while at t = 400 P orb the stream is being
NRAS 514, 1249–1257 (2022) 
ominantly accreted by the primary. For the polar model, no
rominent streams are observed. Again, as expected, the cavity is
arger in the coplanar case. 

Another difference between the two disc structures is a prominent
symmetric density enhancement that arises within the coplanar disc
ut not the polar disc. This density feature is associated with the
ircumbinary disc becoming eccentric. The eccentricity is the largest
t the disc’s inner edge and then decreases in the outward radial
irection (Fig. 2 ). This structure is a consequence of the trapped
ccentric mode structure within a circumbinary disc (Shi et al. 2012 ;
u ̃ noz & Lithwick 2020 ). We do not find the more detailed figure-

ight like structures reported in 2D simulations by M ̈osta et al.

art/stac1416_f2.eps
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Figure 3. The disc evolution for a hydrodynamical circumbinary disc at times t = 300 P orb (top row) and 400 P orb (bottom row). The left-hand panels show 

a disc that is coplanar ( i 0 = 0 ◦, run1 from Table 1 ) and the right-hand panels show a disc that is polar ( i 0 = 90 ◦, run4) to the binary orbital plane. The binary 
components are denoted by the circles with binary semimajor axis a = 1 au. The black circle represents the primary star and the blue denotes the secondary star. 
The colour bar denotes the gas surface density. The coplanar disc is viewed looking down on the binary orbital plane, the x –y plane. The polar disc is viewed in 
the y –z plane. In both cases, the binary eccentricity vector is along the x -axis. At a time of t = 300 P orb , a strong accretion stream can be seen flowing on to the 
secondary companion, while at t = 400 P orb , the stream is flowing on to the primary. 
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 2019 ). This may be because our simulations do not run as long and
ave lower spatial resolution in the gap region. On the other hand,
hese features may be less prominent in 3D that our simulations
se. 
.2 Accretion rates 

e xt, we e xamine the accretion rates on to the primary and secondary
tars for the coplanar and polar disc models. The upper panel of
MNRAS 514, 1249–1257 (2022) 

art/stac1416_f3.eps


1254 J. L. Smallwood, S. H. Lubow, and R. G. Martin 

M

Figure 4. The accretion rate, Ṁ acc , on to the primary star (top panel) and 
secondary star (bottom panel) as a function of time in units of the binary 
orbital period for a our coplanar and a polar disc models. The accretion rate is 
measured in solar mass per year, M � yr −1 . The disc orientation and accretion 
radius of each binary component is given by the legend. 
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ig. 4 shows the accretion rate, Ṁ acc , on to the primary star as a
unction of time. For the both disc models, we test three different
ccretion radii R acc = 0 . 25 , 0 . 025 , 0 . 01 au. In these simulations, the
ccretion rate initially increases o v er time due to the disc’s inner parts
iciously spreading inwards. The simulations with different accretion
adii show similar rates, and so the accretion rate is approximately
ndependent of the accretion radius. The accretion rate reaches a
uasi-steady state in a time of about 150 –200 P orb . No true steady
tate is possible because each disc loses mass o v er time. At a time
f 1000 P orb the coplanar disc has lost about 20 per cent of its initial
ass, while the polar disc has lost about 15 per cent . 
NRAS 514, 1249–1257 (2022) 
The last column in Table 1 shows the time-averaged accretion rates
n to the primary and secondary binary components. For the coplanar
odels, the time-averaged accretion rate on to the primary is similar

o the rate on to the secondary when averaged over the oscillations.
or the polar models, the accretion rates on to the binary with the

argest accretion radius are less than a factor of 1.4 greater than the
mallest accretion radius. Again showing that the accretion rate does
ot depend strongly on the accretion radii of the stars. 
In the coplanar case, the accretion rates on to the primary and

econdary oscillate after a time of about 150 P orb , while the global
ccretion rate decreases o v er time. The oscillations in accretion rate
re due to the apsidal precession of the circumbinary disc after it be-
omes eccentric (see Fig. 2 ) and occurs on a time-scale of ∼ 150 P orb .
he accretion rates on to the primary and secondary are antiphased.
hat is, the accretion rate on to the primary is at a maximum when the
ccretion rate on to the secondary is at a minimum. Such oscillations,
ith a similar oscillation time-scale, were found in previous work

e.g. Dunhill et al. 2015 ; Mu ̃ noz & Lai 2016 ; Mu ̃ noz et al. 2019 ). 
In the polar case, no significant accretion oscillations occur and

he disc retains its nearly circular form. The accretion rate in the polar
ase does not decrease in time o v er the simulated time range, but must
ventually decrease in time as the circumbinary disc mass becomes
epleted. The accretion rates on to the primary and secondary are
early equal. At a time of 1000 P orb , the binary accretion rate in the
oplanar case is about a factor of two larger than in the polar case. 

The gap sizes in the coplanar and polar cases are quite different
see Fig. 3 ), although the accretion rates are somewhat similar and
ppear to be approaching each other. This result may suggest that
hese cases are e volving to wards steady state accretion through the
ircumbinary disc and into the gap (av eraged o v er short time-scale
ccretion modulations), as has been suggested in recent studies (e.g.
u ̃ noz et al. 2019 ; Dittmann & Ryan 2022 ). In such cases, the

ccretion rate on to the binary would then be independent of the
inary properties and resulting gap size. 

 EFFECT  O F  T H E  O U T E R  C O M PA N I O N  H D  

8 8 0 0  A  

D 98800 B is part of a quadruple system (as described in Section 1 ).
e run an additional simulation including the HD 98800 A outer

ompanion in order to examine the effect that it has on the accretion
ate on to the B binary. We simulate a polar circumbinary disc around
he HD 98800 B binary using the same disc and binary parameters
s in Section 2 . We model the HD 98800 A binary as a single star
y combining the masses of the individual Aa and Ab stars. We set
he semimajor axis and eccentricity to a A = 54 au and e A = 0.52,
especti vely (K ennedy et al. 2019 ). We calculate the tilt i A , argument
f the pericentre ω A , and longitude of the ascending node �A of HD
8800 A in the AB frame based on the binary properties in the sky
lane from Kennedy et al. ( 2019 ). We find that i A = 34 ◦, ω A = 137 ◦,
nd �A = 125 ◦. We use an accretion radius of 0 . 25 au for the B
inary components, and use 1 . 85 au for the A companion. The outer
ompanion does not significantly affect the disc dynamics for this
ystem because the inner binary torque on the disc dominates the
uter companion torque (Verrier & Evans 2009 ; Martin et al. 2022 ).
Fig. 5 shows the disc tilt and eccentricity, as well as the accretion

ate on to the B binary components, as a function of time in units of the
 binary orbital period. We show the times of the periastron passage
f HD 98800A by the vertical dotted lines. During each periastron
assage, the disc tilt decreases by a few degrees and then increases
oon after the periastron of the A companion. This may be why we
bserve the disc tilt to be ∼87 ◦ rather than exactly polar. Shortly after
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Figure 5. The evolution of the disc tilt, i , eccentricity, e , and accretion rate, 
Ṁ acc , as a function of time in units of the binary orbital period in the presence 
of the HD 98800 A companion. For the disc tilt and eccentricity, we measure 
three different radii within the disc, r = 4 , 5 , 6 au. The accretion rate on to 
the primary is shown by the solid line, while the secondary is shown by the 
dashed line. The v ertical gre y dotted lines represent the time of periastron 
passages for HD 98000 A. 
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he periastron passage, the companion excites eccentricity growth in 
he polar circumbinary disc, temporarily enhancing the accretion 
ate. The accretion rate is of the order of 10 −11 M � yr −1 , which is
omparable to the simulation without the outer companion. Ho we ver, 
he accretion rate modulates in time, increasing by ∼20 per cent after
ach periastron encounter of the companion. The primary accretion 
s higher than the secondary accretion, which is consistent with our 
revious simulations. 
We analyse the global disc structure during the time of the closest

pproach of the A companion. Fig. 6 shows the disc structure at
24 P orb (periastron, left-hand panel) and 462 P orb (shortly after 
eriastron passage, right-hand panel). There are no observed changes 
n the o v erall disc structure when the companion is at periastron.
o we ver, shortly after periastron, the companion excites prominent 

piral arms in the disc, which temporarily enhances the accretion 
ate (see Fig. 5 ). 

 AC C R E T I O N  O N  TO  H D  9 8 8 0 0  BA BB  

bservationally, Ṁ acc can be estimated by measuring the flux of 
ontinuum and line emission that is due to the shock of infalling
as from a disc on to the central star along the stellar magnetic field
ines (e.g. Calvet & Gullbring 1998 ). The release of the accretion
nergy from the shock in the form of line emission is also known
s the accretion luminosity L acc (Gullbring et al. 1998 ; Hartmann
t al. 1998 ). The accretion luminosity L acc is often computed from
mpirical relations between line luminosity, L line , and L acc (e.g. 
atta, Testi & Randich 2006 ; Biazzo et al. 2012 ; Fang et al. 2013 ;
ntoniucci et al. 2014 ; Manara et al. 2015 ). 
From observations, the emission line fluxes F line can be calculated 

rom the calibrated spectrum. From this, the line luminosities are 
iven by 

 line = 4 πD 

2 F line (2) 

Rigliaco et al. 2012 ), where D is the distance to the source. The
ccretion luminosities can be determined by using the measured line 
uxes according to empirical relations between the observed line 

uminosities and the accretion luminosity or mass accretion rates 
Gullbring et al. 1998 ; Natta et al. 2004 ; Mohanty, Jayawardhana &
asri 2005 ; Herczeg & Hillenbrand 2008 ; Fang et al. 2009 ). The
mpirical relationships were calibrated on small samples of well- 
bserved T Tauri stars and brown dwarfs (Gullbring et al. 1998 ;
uzerolle et al. 2003 ; Calvet et al. 2004 ). The distance to HD 98800
aBb is D = 47 pc (van Leeuwen 2007 ). The brightest component
as a H α flux of 6 . 5 × 10 −16 L � (Zurlo et al. 2020 ). Given this
ux value, the line luminosity is L line = 4 . 6 × 10 −8 L � (Zurlo et al.
020 ). 
The empirical relationship for L acc based on L line is given by 

log ( L acc / L �) = b + a × log ( L line / L �) (3) 

Rigliaco et al. 2012 ), where a and b are the line luminosity versus
ccretion luminosity relationships for selected accretion indicators 
e.g. Fang et al. 2009 ). The accretion indicator that we are interested
n is the H α line. Given that a = 1.49 and b = 2.99 for the H α line
nd L line = 4 . 6 × 10 −8 L �, the accretion luminosity for the brightest
omponent in HD 98800 BaBb is L acc = 1 . 14 × 10 −8 L �. This value
grees with the findings of the accretion luminosity from Zurlo et al.
 2020 ). Once L acc is estimated, it can be converted into a mass
ccretion rate, Ṁ acc , given by 

˙
 acc = 

(
1 − R ∗

R in 

)−1 
L acc R ∗
GM ∗

(4) 

Rigliaco et al. 2012 ), where G is the universal gravitational constant,
 � is the radius of the star, and R in is the inner truncation radius for the
isc. The binary components will accrete material from a circumstel- 
ar discs that is continuously fed by a circumbinary disc. The factor
1 − R ∗

R in 

)−1 ∼ 1 . 25 is estimated using R in ∼ 5 R ∗, which assumes
hat the accretion gas falls on to the star from the truncation radius
f the circumstellar disc (e.g. Gullbring et al. 1998 ). Using L acc =
 . 14 × 10 −8 L �, R = 1 . 09 R �, and M ∗ = 0 . 699 M � (Boden et al.
005 ), we estimate the mass accretion to be 6 . 8 × 10 −16 M � yr −1 . 
For comparison, the accretion rates for single T Tauri stars are

ypically in the range of ∼ 10 −10 − 10 −7 M � yr −1 (Valenti, Basri &
ohns 1993 ; Gullbring et al. 1998 ; Calvet et al. 2004 ; Ingleby et al.
013 ). Observ ations re veal accretion rates on to binary star systems
re comparable to that of accretion rates on to single T Tauri stars
White & Ghez 2001 ). Binary components and single stars of similar
ass have similar mass accretion rates. Ho we ver, it has been shown

hat more massive stars generally have larger accretion rates than 
ess massive stars (White & Ghez 2001 ). In HD 98800 BaBb, only
he primary star (the slightly more massive binary component) has 
etectable H α flux. 
The mass accretion rate on to the primary from the simula-

ion of a polar disc with the HD 98800 A companion (run7) is
6 × 10 −11 M � yr −1 . Given that Ṁ ∝ α( H /R ) 2 , a reduction in
and H / R is needed to obtain the observed accretion rate of
MNRAS 514, 1249–1257 (2022) 
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M

Figure 6. The disc evolution for a polar circumbinary disc around HD 98800 BaBb perturbed by HD 98800 A (run7) at times t = 424 P orb (periastron passage 
of HD 98800 A, left-hand panel) and 462 P orb (time shortly after periastron, right-hand panel). The black circle represents the primary star and the blue denotes 
the secondary star. The colour bar denotes the gas surface density. The circumbinary disc is viewed in the y –z plane, with the binary eccentricity vector is along 
the x -axis. At a time of t = 462 P orb , prominent spiral arms are formed by HD 98800 A. 
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7 × 10 −16 M � yr −1 for the HD 98800 BaBb polar circumbinary
isc. Therefore, we require α < 10 −5 and H / R < 0.05. Such low
alues would be inconsistent with the tilt evolution time-scale to a
olar state. Linear models in Lubow & Martin ( 2018 ) suggest a tilt
volution time-scale of τ ∼ 5 × 10 4 ( H /R) 2 /α yr that could exceed
he age of the system that is estimated as ∼ 10 7 yr (Kennedy &
enyon 2009 ; Ronco et al. 2021 ) (non-linear effects could reduce

his time-scale). Our models also predict that the accretion rate on
o the secondary is about the same as the accretion rate on to the
rimary. Therefore it is unclear why emission from only the primary
s detected. 

 C O N C L U S I O N S  

e have simulated the accretion of coplanar and polar circumbinary
as on to a highly eccentric binary with a mass ratio close to unity.
or the same disc properties, except inclination, both the coplanar
isc and polar disc accrete on to the primary and secondary stars at
imilar rates when av eraged o v er man y binary orbital periods. The
olar disc has significantly different properties from the coplanar
isc (e.g., Poblete, Cuello & Cuadra 2019 ). Unlike the coplanar disc,
he eccentricity of the polar disc does not grow. For a coplanar disc,
he accretion rates on to the binary components undergo oscillations
o that the dominant accretion alternates between the components
s a consequence of the precession of the eccentric disc, as was
reviously found (Dunhill et al. 2015 ; Mu ̃ noz & Lai 2016 ; Mu ̃ noz
t al. 2019 ). Ho we ver, for a polar disc, no such oscillations are found
s a consequence of its persistent nearly circular form. 

We applied our findings to the eccentric binary system, HD
8800 BaBb, which contains a polar circumbinary gas disc. We
NRAS 514, 1249–1257 (2022) 
nclude the outer companion HD 98800 A to determine its effects
n the accretion rate on to the B binary during the periastron
assage of the A companion. We found that the eccentric orbit
f HD 98800 A increases the accretion rate on to HD 98800 B
y ∼20 per cent after each periastron passage. Using the obser-
ations from Zurlo et al. ( 2020 ), we estimated the primary mass
ccretion rate to be Ṁ acc = 6 . 8 × 10 −16 M � yr −1 . This accretion
ate is about 6 orders of magnitude lower than observations of
ccretion rates in T Tauri stars. Our hydrodynamical simulations
re unable to explain such a low accretion rate unless the α

arameter is very small, α < 10 −5 . Furthermore, we predict similar
ccretion rates on to both binary components, while observational
ignatures of accretion were found for only the primary. Further
bservational checks on the accretion rate would help to clarify these
ifferences. 
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f the PHANTOM and SPLASH codes are available at https://github.c 
m/danieljprice/ phantom and http:// users.monash.edu.au/ ∼dprice/ sp 
ash/do wnload.html , respecti vely. 
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