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ABSTRACT

Young binary stars with discs provide unique laboratories for studying the earliest stages of planet formation in star-forming envi-
ronments. The detection of substructure in discs around Class I protostars challenges current models of disc evolution, and suggests
that planets may form earlier than previously expected (<1 Myr). In the context of the faust Large Program, we present observations
of the circumbinary disc (CBD) around the young binary system L1551 IRS 5. The CBD exhibits two prominent over-densities in
the continuum emission at the edge of the cavity, with the northern over-density being about 20% brighter than the southern one. By
analysing the disc morphology and kinematics of L1551 IRS 5, we delineate dynamical constraints on the binary’s orbital parameters.
Additionally, we present 3D hydrodynamical models of the CBD to predict both the dust and the gas surface densities. Then, we com-
pare the resulting synthetic observations with ALMA observations of the continuum emission at 1.3 mm and the C18O line emission.
Our analysis suggests that the density enhancements observed with ALMA in L1551 IRS 5 can be caused by interactions between the
binary stars and the CBD, leading to dust concentration within the disc. We conclude that the observed over-density corresponds to a
location where solids could potentially grow in size under favourable conditions.

Key words. protoplanetary disks – binaries: general – circumstellar matter – stars: kinematics and dynamics –
stars: pre-main sequence – stars: protostars

1. Introduction
The process of star formation is intimately linked with the
emergence of binary star systems with discs (Duchêne & Kraus
2013). The collapse of a molecular cloud under its own grav-
ity triggers the formation of protostars with surrounding discs
made of gas and dust (Bate 2018; Lebreuilly et al. 2021;
Kuruwita & Haugbølle 2023). This process naturally leads to a
high fraction of young multiple stellar systems where the stars
orbit around each other (Reipurth et al. 2014; Offner et al. 2023).
The complex interplay between gravity and radiation explains
the large variety of structures observed in discs around young
stars (Tobin et al. 2016, 2022). In this context, the study of bina-
ries with discs, through observations and through simulations, is
crucial in order to reveal where, how, and when planets could
form around young stars.
? Corresponding author: nicolas.cuello@univ-grenoble-
alpes.fr

The advent of a new generation of telescopes, such as
the Atacama Large Millimeter/submillimeter Array (ALMA),
enabled the detection of asymmetric millimetre continuum emis-
sion around several million-year-old stellar systems. The sys-
tems IRS 48 (van der Marel et al. 2013; Calcino et al. 2019),
IRAS04158+2805 (Villenave et al. 2020; Ragusa et al. 2021),
and HD 142527 (Casassus et al. 2015; Price et al. 2018a) con-
stitute prototypical examples of horseshoe-shaped asymmetries
in circumbinary discs (CBDs). These over-densities of millimet-
ric dust can be explained by the periodic forcing of an inner
binary. This mechanism translates into a localised pile-up of
material at the inner edge of the disc (e.g. Ragusa et al. 2017;
Thun et al. 2017; Poblete et al. 2019; Hirsh et al. 2020. How-
ever, not all azimuthal asymmetries correspond to long-lived
dust traps; some are transient gas over-densities at the apocentre
of eccentric discs, while others reflect short-lived clumps pro-
duced by dynamical perturbations (Ragusa et al. 2020). Hence,
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it is important to distinguish between persistent pressure maxima
(causing dust traffic jams) and transient circumbinary structures.

These binary-induced over-densities can either orbit at the
local Keplerian frequency or precess on secular timescales
of a few hundred binary orbital periods (Ragusa et al. 2020;
Muñoz & Lithwick 2020). The former are able to efficiently con-
centrate the dust density around the binary. Therefore, the pres-
ence of such dust over-densities in CBDs should have important
consequences for dust growth and eventually planetesimal for-
mation. However, until now, most studies have focused on Class
II stars with such asymmetries (Bae et al. 2023).

Moreover, images of discs around the younger (Class I,
<1 Myr) protostars HL Tau (ALMA Partnership 2015), GY 91
(Sheehan & Eisner 2018), and IRS 63 (Segura-Cox et al. 2020)
have revealed conspicuous structures similar to those found
in more evolved (Class II) T Tauri and Herbig AeBe stars
(e.g. Andrews et al. 2018; Long et al. 2018). These discover-
ies have unambiguously brought along the idea that planets,
which are possibly responsible for the observed gaps and rings,
might actually form earlier than expected. A further indication
is provided by the estimate mass of solids in Class II discs,
which is insufficient to explain the observed exoplanet distribu-
tion (Manara et al. 2018; Tychoniec et al. 2020). To date, obser-
vations of substructures in young Class 0/I discs are limited
because of the challenge of high dust opacity at millimetre-
wavelengths (Ohashi et al. 2023). Even so, young protostars
(often multiple) constitute unique laboratories for testing the
early stages of planet formation.

For this study we focused on the circumbinary disc (CBD)
around the Class I protostar L1551 IRS 5 (Adams et al.
1987; Looney et al. 1997). This system is located in Taurus
(Strom et al. 1976) at a distance of 146.4± 0.5 pc (Galli et al.
2018, 2019) and has a luminosity of Lbol = 26.6 L� (Green et al.
2013). L1551 IRS 5 is surrounded by a large rotating and
infalling envelope, whose motion was measured through lines
from several species (e.g. White et al. 2006). Its binary nature
was first revealed by Bieging & Cohen (1985), where the
northern and southern protostars have masses of 0.8 M� and
0.3 M�, respectively (Looney et al. 1997; Liseau et al. 2005;
Lim et al. 2016). In addition, Rodríguez et al. (2003) reported
two parallel jets in this system. The binary is surrounded by
a CBD whose size and mass are respectively ∼140 au and
0.02−0.03 M� (Looney et al. 1997; Cruz-Sáenz de Miera et al.
2019). The CBD inclination and position angle are estimated
using a 2D Gaussian fitting modelling and are i = 60◦ ± 2◦ and
PA = 161◦ ± 2◦, respectively (Cruz-Sáenz de Miera et al. 2019).
Based on ALMA observations from the faust (Fifty AU STudy
of the chemistry in the disc/envelope system of solar-like pro-
tostars1) Large Programme (Codella et al. 2021), Bianchi et al.
(2020) reported the discovery of a hot corino around the northern
(primary) star and possibly around the southern (secondary) star.
More recently, additional ALMA observations indicate the pres-
ence of two compact dusty discs around each stellar component
(Maureira et al. 2026). The orbit of the L1551 IRS 5 binary (with
an orbital period of about 260 yr, first constrained by Lim et al.
2016) was also refined by combining nearly 40 years of VLA and
ALMA astrometric measurements by Hernández Garnica et al.
(2024) who obtained a binary semi-major axis of ∼44 au. The
mass of the system is constrained to be 0.96 ± 0.17 M�, and the
eccentricity is found to be slightly below 0.3. Previous studies
have suggested that the binary–disc interaction is responsible for
the asymmetrical disc morphology observed (Takakuwa et al.
2017; Matsumoto et al. 2019; Takakuwa et al. 2020).

1 http://faust-alma.riken.jp

In this article, we present new ALMA observations of L1551
IRS 5 in Sect. 2 and tailored hydrodynamical models of the
ongoing binary–disc interaction along with synthetic observa-
tions in Sect. 3. We discuss the implications of our results for
disc evolution and planet formation around young binary stars in
Sect. 4.

2. FAUST observations of L1551 IRS 5

L1551-IRS5 was observed by ALMA, between October 2018
and January 2019, as part of the faust Large Program (project
2018.1.01205.L; PI: S. Yamamoto, Codella et al. 2021). The
phase centre was at the coordinates αJ2000 = 04h 31m 34s.14,
δJ2000 = +18◦ 08′ 05′′.10. The continuum data presented here
were acquired using the most extended faust configuration
(C43-5), with baselines ranging between 15 m and 1.4 km. The
C18O (2-1) at 219.56036 GHz (Eup = 16 K) was observed in
Band 6, in two 12 m array configurations: the most extended
with baselines ranging between 15 m and 1.4 km (C43-5), and
an intermediate with baselines between 15 m and 484 m (C43-2).
Observations were complemented using the 7 m Atacama Com-
pact Array (ACA), with baselines between 8.9 m and 48.9 m. For
the most extended configuration and the ACA observations, the
band-pass and flux calibrator is the quasar J0423-0120, while the
phase calibrator is J0510+1800. For the intermediate configura-
tion, the band-pass and flux calibrator is J0510+1800, while the
phase calibrator is J0440+1437. The spectral window covering
the C18O (2-1) transition has a spectral resolution of 122 kHz
(∼0.17 km s−1). The data were calibrated using the ALMA cali-
bration pipeline in casa (CASA Team 2022), and an additional
calibration routine to correct for the system temperature (Tsys)
and spectral line data normalisation2. Finally, self-calibration
was performed using line-free continuum channels. The uncer-
tainty on the absolute flux calibration is about 10%.

The dust emission in L1551 IRS5 shows two compact
sources and an extended (∼1′′, corresponding to 146 au at
the source distance) circumbinary disc (Bianchi et al. 2020;
Cruz-Sáenz de Miera et al. 2019; Maureira et al. 2026). To high-
light the emission from the circumbinary disc, the imaging was
performed using super-uniform weighting to give extra weight
to the longest baselines. CLEAN was then manually performed
placing clean boxes around the two central sources in order to
remove the emission of the two circumstellar discs, as detailed in
Durán et al. (2025). The restored beam is 0′′.2 (∼30 au) and the
rms is 0.5 mJy beam−1. The resulting image is shown in Fig. 1
(left panel). An over-density is observed in the northern part
of the circumbinary disc. The maximum emission in the over-
density, corresponding to the brightest area within the CBD,
is at the coordinates αJ2000 = 04h31m34s.150, δJ2000 = +18◦08′
05′′.154. Another weaker emission peak is observed in the south-
ern part of the circumbinary disc at the position αJ2000 =
04h31m34s.177, δJ2000 = +18◦08′03′′.799. A flux ratio of 1.2 (0.2)
is measured between the two emission peaks, which is consistent
with the measured ratio of 1.4 at the same coordinates in the con-
tinuum image using the standard cleaning (Bianchi et al. 2020).
The overall emission map shows that the dusty disc extends for
more than 2′′: the inner 2′′ are dominated by the protostellar
emission, while the external part is fainter by a factor of 5-6.

A recent multi-wavelength analysis of L1551 IRS 5
(Maureira et al. 2026) shows that the dust optical depth at
1.3 mm along the continuum enhancements is modest (τ1.3mm ∼

2 https://help.almascience.org/index.php?/\
Knowledgebase/Article/View/419
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Fig. 1. Left: Continuum emission at 1.33 mm in colour scale (see Sect. 2). The contours indicate the protostellar discs, subtracted from the image
during the cleaning process. The first contours and steps are 30σ (13 mJy beam−1) and 100σ, respectively. The black stars indicate the positions of
the N and S protostars. Middle: Moment 0 map of the C18O emission (integrated between −10 km s−1 and +20 km s−1) in colour scale superposed
to the 1.3 mm dust continuum emission in grey contours (from Bianchi et al. 2020). The first contours and steps are 10σ (1.8 mJy beam−1) and
100σ, respectively. Right: Moment 1 map of the C18O emission in colour scale, 1.3 mm dust continuum emission in grey contours. The moment 1
map is generated using a threshold of 5σ (20 mJy beam−1). The source systemic velocity (vsys) is 6.4 km s−1 (Mercimek et al. 2022).

0.3–0.4), excluding optical-depth saturation as their cause;
spectral-index values β . 1 in the southern feature further
suggest local grain growth. The C18O(2–1) emission, expected
to be optically thin at ∼50 au, was imaged by combining the
12m and 7m data with a robust parameter of 0.5, yielding a
0′′.4×0′′.34 beam and 2.0 mJy beam−1 rms. In Fig. 1, the moment
0 (centre) and moment 1 (right) maps reveal gas that is more
extended than the continuum, tracing both the CBD and the
envelope. Moreover, the resolved arc-like continuum morphol-
ogy and the S-shaped velocity field are not consistent with pro-
jection effects alone and are characteristic of binary–disc inter-
actions (Rosenfeld et al. 2014; Price et al. 2018a).

3. Modelling of the CBD in L1551 IRS 5

3.1. Hydrodynamical simulations

We modelled the binary system in L1551 IRS 5 and its cir-
cumbinary disc using 3D hydrodynamical simulations with
the smoothed particle hydrodynamics (SPH) code Phantom
(Price et al. 2018b), using the one-fluid approach for gas and
dust mixtures and without self-gravity. The binary is repre-
sented by two sink particles with masses M1 = 0.8 M� and
M2 = 0.3 M�, and its orbital parameters are sampled to be nearly
coplanar with the disc and mildly eccentric (see Appendix A.1
for further details).

In the upper row of Fig. 2, we show the gas and dust sur-
face density maps after 13 kyr of evolution, which corresponds
to more than 50 binary orbital periods. Due to the binary interac-
tion, the disc morphology rapidly evolves from the unperturbed
state at the beginning of the simulation, but reaches a steady con-
figuration after approximately ten binary orbital periods. From
that time onwards, the disc morphology is characterised by
the formation of a precessing over-density near the CBD inner
edge, whose precession period is approximately equal to 1400 yr
(roughly five times the binary orbital period). We note some
variability in the binary orbital phase given that the binary is
slightly eccentric and that the secondary star is closer to the
CBD inner edge (compared to the primary). This leads to the
formation of spiral-shaped streamers that periodically cross the

orbit of the inner stars. Last, given the strong level of coupling
between the gas and the dust particles (see the Stokes numbers
in Appendix A.1 and the dust-to-gas plot in Fig. A.2), we note
that the two surface density maps exhibit the same morphology.
Hence, the horseshoe-shaped azimuthal over-density in the gas
translates into a dust over-density at exactly the same location.
Given that the disc over-density is rotating in a Keplerian fashion
and that the stars move on shorter timescales, the proposed con-
figuration is not unique, but is consistent and in excellent agree-
ment with the current disc morphology and stars’ positions. The
impact of the expected CBD dynamics in L1551 IRS 5 on dust
growth and stellar stellar accretion is discussed in Sect. 4.

3.2. Radiative transfer models

To compare our model with observations of L1551 IRS 5, we
post-processed a subset of our simulations using the Monte Carlo
radiative transfer code MCFOST (Pinte et al. 2006, 2009). This
allowed us to map the hydrodynamical simulation outputs onto
a radiative transfer grid without interpolation, compute thermal
dust emission, and predict line emission from gas assuming local
thermodynamic equilibrium (see Appendix A.2 for details).

In the lower row of Fig. 2, we show the C18O moment 1
map (left) and the continuum emission map (right) obtained with
mcfost using the methodology described above. The former is
in good agreement with the rightmost panel of Fig. 1, with com-
parable deviations from the systemic velocity and with the same
twisted pattern in the innermost region (in green). This pecu-
liar feature is the result of the infalling material, which adds
a radial velocity component within the cavity, smeared out by
the beam size as described in Rosenfeld et al. (2014). Similar
patterns are routinely observed in Class II discs in which the
inner disc regions are twisted and/or misaligned with respect to
the outer regions. Remarkably, (sub)stellar companions within
the inner disc cavity can create such structures, as described in
Ragusa et al. (2021). Last, the synthetic continuum map emis-
sion is in good agreement with the leftmost panel of Fig. 1 given
that we recover the prominent azimuthal over-density in the NE
side of the disc. We note, however, that our model does not repro-
duce satisfactorily the over-density located on the opposite disc
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Fig. 2. Top row: Phantom hydrodynamical models of L1551 IRS 5, gas surface density (left) and 100 µm dust particles surface density (right).
Bottom row: mcfost synthetic observations, C18O moment 1 map (left) and continuum emission (right). Snapshots after 13 100 years, which
correspond to more than 50 binary orbits. All the images are shown using the same scale (top in au and bottom in arcsec).

side, which could potentially be connected with the spiral pattern
created by the inner binary in the SW disc side.

4. Discussion and conclusions

The comparison between our model and the faust observa-
tions of L1551 IRS5 provide evidence that the most prominent
CBD features (disc size, morphology, kinematics) can be well
explained by the periodic perturbation of the inner binary. In
particular, the continuum over-density spatially coincides with
the binary-induced gas over-density in the inner CBD edge. This
supports an ongoing binary-disc interaction in which the over-
density indicates that the dust concentration is locally enhanced
with respect to the rest of the CBD. However, as shown in
Fig. A.2, the dust-to-gas ratio remains uniform, as opposed to
a dust trap where the dust-to-gas ratio increases. It is worth
noting that Maureira et al. (2026) recently reported a spectral
index map for L1551 IRS 5 consistent with a mild level of grain
growth within the disc. This physical mechanism is not consid-
ered in our modelling though. Considering that the disc is opti-
cally thin (Takakuwa et al. 2020; Maureira et al. 2026), future
multi-wavelength observations will allow us to further quan-
tify grain growth within the CBD. At any rate, our qualitative
model suggests that the dust over-density is expected to be long-
lived (as in Ragusa et al. 2020) and that the physical conditions
to efficiently concentrate dust could already be obtained during
the Class 0/I phase (Cridland et al. 2022). This could potentially
lead to a disc morphology similar to IRS 48, a Class II source in
which there is strong evidence of azimuthal dust trapping in the
disc (van der Marel et al. 2013; Calcino et al. 2019).

The method we followed in this work combines disc observa-
tions, astrometry, and hydrodynamical modelling of L1551 IRS5
in order to better constrain the inner binary orbit (mainly in terms
of a, e, and i). In particular, among the possible orbits allowed by
the astrometry in Hernández Garnica et al. (2024), we selected
the most consistent orbit considering the specific disc mor-
phology obtained from observations. Although our model is
designed for a specific source, this approach outlines the impor-
tance of considering constraints of a different nature when mod-
elling young multiple sources with partial time-coverage (see
e.g. Duchêne et al. 2024; Toci et al. 2024).

In the circumbinary disc of L1551 IRS 5, we observe a distinct
cavity and an azimuthal over-density at the inner edge. Accretion
streamers feed material onto the binary, likely modulating stel-
lar brightness and episodic accretion events (Connelley & Greene
2014). Unlike the models of Takakuwa et al. (2020), in which
the cavity is only partially carved and the northern flux excess is
attributed to a tightly wound southern spiral, we find that the over-
density arises from direct binary–disc interaction and is not part
of a large-scale spiral. In our simulations, the southern infalling
spiral is more prominent than the northern one, reflecting the
asymmetry observed in the system and highlighting alternative
pathways for material transfer. By incorporating updated astro-
metric constraints, our model provides a coherent explanation for
the observed disc substructures and dynamics, with fewer discrep-
ancies compared to previous models.

In addition, the interaction between the CBD and the
binary naturally channels material onto each protostar, and this
enhanced accretion may be connected to the observed outflows
and to the jets first identified by Itoh et al. (2000). Discrepan-
cies between our hydrodynamical simulations and ALMA obser-
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vations (mainly regarding the extent of gas emission), can be
attributed to our simulations not incorporating the surrounding
envelope, which is beyond the scope of this work. This omis-
sion results in the simulations underestimating the spatial extent
of the C18O emission, which in actual observations is influ-
enced by contributions from both the disc and the envelope. Such
insights emphasise the necessity to integrate envelope dynam-
ics in future models to enhance the fidelity of simulated astro-
physical phenomena against real observational data, especially
in young embedded systems such as L1551 IRS 5.

Thanks to upcoming morphological, chemical, and kine-
matical surveys that will enhance our understanding of Class
0/I protostars with unparalleled spectral and spatial detail, the
field of protostellar formation is on the verge of major break-
throughs. Initiatives such as those undertaken by the faust col-
laboration (Codella et al. 2021) exemplify this ongoing effort
within the community. Recent studies, including the detailed
characterisation of the remarkable Class I quadruple stellar sys-
tem VLA 1623-2417 (Ohashi et al. 2022; Mercimek et al. 2023;
Codella et al. 2024; Radley et al. 2025), highlight the intricate
dynamics and early evolutionary stages of these young systems.
Insights obtained from such investigations are vital for unravel-
ling the complex processes governing the formation and early
development of protostellar discs. This in turn will be crucial
for elucidating how dust accumulates within these discs and the
subsequent emergence of embedded planets, offering a clearer
picture of planetary formation around young stars.
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Appendix A: Supplementary material

A.1. Hydrodynamical modelling

We modelled the binary in L1551 IRS 5 and its circumbinary
disc through 3D hydrodynamical simulations performed with
the smoothed particle hydrodynamics (SPH) code Phantom
(Price et al. 2018b). We used SPH artificial viscosity to model
angular momentum transport within the CBD, adopting αAV =
0.25 and βAV = 2.0. This set-up corresponds to an effective
αSS ' 3−5×10−3 (Lodato & Price 2010). The binary is modelled
using two sink particles of mass M1 = 0.8 M� and M2 = 0.3 M�
(see observational constraints in Sect. 1), which corresponds to
a mass ratio q = M2/M1 = 0.375 and a binary total mass
Mb = 1.1 M�. We removed SPH particles from the simulation
whenever they cross the sink radius (Rsink = 5 au) of one of the
sink particles, as in Bate et al. (1995). Sink particles exert grav-
ity on each other and are free to interact with the material from
the circumbinary disc.

In order to define the binary orbit, we ran a Monte Carlo
calculations using imorbel3 (Pearce et al. 2015) to sample the
parameter space of possible orbits. To better guide this param-
eter space exploration, we imposed the binary orbit to be close
to coplanar with respect to the CBD and only mildly eccentric
(below 0.2; in agreement with Hernández Garnica et al. 2024).
The latter choice was further motivated by the fact that, for
unequal mass binaries, the overall disc morphology and the
observed dust over-density in particular are well reproduced
for mildly eccentric and nearly coplanar binaries with respect
to the CBD (Poblete et al. 2019). Following this approach, we
obtained the following possible binary orbital parameters: semi-
major axis ab = 42.2 au, eccentricity eb = 0.175, inclination
ib = 122.3 deg, PA of ascending node Ω = 168.9 deg, argu-
ment of periastron ω = 176.5 deg, and initial true anomaly
f = 163.5 deg.

We use the one-fluid method described in Laibe & Price
(2014) and Price & Laibe (2015) to model a mixture of gas and
dust using 106 SPH particles, a sufficient resolution to verti-
cally resolve the disc. We set the grain size s = 0.1 mm with
intrinsic density ρd = 3 g cm−3 (typical of silicates). The dust
size is considered to be constant and was selected to corre-
spond to grains emitting at 1.3 mm since we are mainly inter-
ested in Band 6 ALMA observations. These particles are dis-
tributed between Rin = 60 au and Rout = 140 au, following
an initial surface density profile defined as: Σ = Σ0(R/R0)−1,
with R0 = 100 au and Σ0 = 8.84 g cm−2. For completeness,
we run an additional simulation where we set the dusty disc at
Rin = 80 au (instead of 60 au) and find no significant differ-
ences compared to the nominal case (see Fig. A.3). Therefore,
the initial condition does not strongly impact the emergence of
the over-density. For the specific case of L1551 IRS 5, the sur-
rounding material is divided into two components: the CBD and
the infalling envelope, each with a different power-law index.
Here we are mainly interested in the disc so we chose to neglect
the envelope. The CBD aspect ratio if fixed to 0.05 at a distance
of 100 au from the binary centre of mass, consistent with recent
measurements for Class I discs (Villenave et al. 2023). Once the
simulations starts, the CBD feels the periodic gravitational per-
turbation of the inner binary (creating spirals, streamers, and the
dust enhancement) and the disc also expands radially due to vis-
cous forces (Price et al. 2018b,a).

We assume that initially the dust component is uniformly dis-
tributed within the gaseous disc and we adopt a typical value of

3 https://github.com/drgmk/imorbel

0.01 for the dust-to-gas ratio. A simple estimate of the dimen-
sionless Stokes number at the inner edge (60 au) is

St '
π

2
ρss
Σg

;

using Σ(60 au) ' 14.7 g cm−2, s = 0.1 mm, and ρs = 3 g cm−3

yields St ≈ 3 × 10−3. Thus, the 0.1 mm particles in our runs are
tightly coupled to the gas, fully validating the one-fluid algo-
rithm adopted for the simulations. This strong coupling is also
consistent with the behaviour seen in Fig. 1, where dust and gas
follow nearly identical large-scale structures. We also note that
considering icy aggregates with ρs = 1 g cm−3 would not affect
the coupling in a significant way (only by a factor of 3).

In addition, we estimate the Toomre parameter as

Q =
csΩ

πGΣ
'

hM?

πR2Σ
,

using cs = hvk and v2
k = GM?/R. With M? = 1.1 M�, h =

0.05, and our surface-density profile (Σ(60 au) ' 14.7 g cm−2,
Σ(100 au) = 8.84 g cm−2) we obtain Q ≈ 3.0 at 60 au, Q ≈ 1.8
at 100 au and Q ≈ 1.3 at 140 au. These values (all > 1) indi-
cate that the circumbinary disc is globally stable against axisym-
metric gravitational collapse under our assumed parameters. We
note, however, that uncertainties in Σ, h and any additional mass
in the envelope could lower Q locally; nevertheless, with the disc
masses inferred for L1551 IRS 5 (∼0.02–0.03 M�) self-gravity is
unlikely to dominate the dynamics in the region modelled. The
snapshot with the highest level of resemblance to the observa-
tions (across different wavelength and tracers) is shown in the
upper row of Figure 2.

A.2. Radiative transfer calculations

In order to perform a direct comparison of the proposed model
with the available observations of L1551 IRS 5, we post-
processed a set of outputs from the hydrodynamical simulations
using the public Monte Carlo radiative transfer code mcfost
(version 4.1, Pinte et al. 2006, 2009). The Voronoi tessellation
used in mcfost is particularly well-suited to post-process data
from Phantom since each cell corresponds to the position of an
SPH particle. Therefore, we map the density, temperature, veloc-
ity maps from the hydrodynamical simulations into the radiative
transfer grid without any interpolation.

The disc is irradiated using 1.28× 108 photons packets, con-
sidering two sink particles of different luminosity as isotropic
sources with stellar spectral models appropriate to their mass.
In our calculations, we set the temperatures of the stars so the
primary (N) and secondary (S) components have luminosities
equal to 26.4 L� and 0.2 L� (respectively). The combined lumi-
nosity is in agreement with the available observations constraints
(Green et al. 2013). We assume astronomical silicates (Draine
2003), with a grain size distribution ranging from 0.03 µm
to 1 mm, and a slope of −3.5. Optical properties are calculated
using Mie theory. The whole system (stellar binary and CBD) is
observed from a distance of 141 pc and inclined using the same
angles as in Bianchi et al. (2020).

Finally, we predict line emission from the gas content of the
disc for the isotopologues of carbon monoxide C18O. Further-
more, we suppose that the gas is in local thermodynamic equi-
librium with Tgas = Tdust. Last, we compute the thermal emission
from dust in the continuum based on the dust distribution in the
disc. With these emission maps and data cubes, we then produce
the synthetic images presented in the bottom row of Figure 2.
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Fig. A.1. Gas surface density for different evolutionary stages for our
nominal Phantom hydrodynamical model. Time moves forward from
top to bottom: 0, 10, 30, 50 binary orbits.
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Fig. A.2. Dust-to-gas ratio after t = 13 100 years. The homogeneous
distribution indicates that the dust over-density corresponds to a dust
concentration rather than a dust trap for which the ratio should increase
at the over-density location.
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Fig. A.3. Comparison between two different initial conditions with
Rin = 60 au (left panel) and Rin = 80 au (right panel) after t=13 100
years. We do not see noticeable differences showing that the over-
density is not a direct result of the initial condition.
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