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ABSTRACT
Debris discs represent the last stages of planet formation and as such are expected to be depleted of primordial gas. Nonetheless,
in the last few years the presence of cold gas has been reported in ∼ 20 debris discs from far-IR to (sub-)mm observations and
hot gas has been observed in the optical spectra of debris discs for decades. While the origin of this gas is still uncertain, most
evidences point towards a secondary origin, as a result of collisions and evaporation of small bodies in the disc. In this paper,
we present ALMA observations aimed at the detection of CO gas in a sample of 8 debris discs with optical gas detections. We
report the detection of CO (12CO and 13CO) gas in HD 36546, the brightest and youngest disc in our sample, and provide upper
limits to the presence of gas in the remaining seven discs.

Key words: stars: circumstellar matter – planetary systems – stars:individual:HD 36546

1 INTRODUCTION

Classically, the environment of main-sequence stars has been as-
sumed to be essentially gas free, as it is expected that primordial gas
is depleted, either by photoevaporation, formation of planets, or ac-
creted by the star at the end of the protoplanetary phase (see e.g.Wyatt
2018; Hughes et al. 2018, for a review in debris discs). However, we
have known for almost four decades that there is hot gas in the inner
regions (at few R∗) of some stars detected as superimposed narrow
stable absorptions in certain metallic lines (Hobbs et al. 1985, 1988).
In some cases, these narrow features are accompanied by transient
absorptions of different equivalent widths, both blue- and red-shifted
with respect to the stellar radial velocity. The most famous example
is 𝛽 Pictoris, where the detection of narrow variable features was
interpreted at first as falling evaporating bodies (or FEBs) and later
as exocomets (see e.g. Ferlet et al. 1987; Kiefer et al. 2014). Both
the stable gas and the presence of exocomet signatures is often linked
to the presence of a debris disc in the system, with excess at long
wavelengths (see e.g. Rebollido et al. 2020). These debris discs can
inmost cases be characterised with two temperature belts, at different
distances from the star, indicating an architecture similar to the solar
system (Chen et al. 2014). More recently, thanks to the availability of
far-IR and (sub-)mm facilities like the Herschel Space Observatory
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(Pilbratt et al. 2010), the Atacama Pathfinder EXperiment (APEX)
or the Atacama Large Millimeter/submillimeter Array (ALMA), cold
gas has also been detected in the environment of debris discs stars, lo-
cated at several tens au from the central object (e.g. Zuckerman et al.
1995; Hughes et al. 2008; Moór et al. 2011; Roberge et al. 2013;
Riviere-Marichalar et al. 2014; Moór et al. 2015; Lieman-Sifry et al.
2016; Marino et al. 2016; Moór et al. 2017; Matrà et al. 2017b; Kral
et al. 2019).

The origin of both cold and hot gas is still debated, specially in
the discs with larger gas content. The most likely explanation is a
secondary origin (e.g. Marino et al. 2016; Matrà et al. 2017a; Kral
et al. 2019) as a result of outgassing or collisions between minor
bodies. However, in some young systems with a particularly high CO
content, it has also been suggested that while the dust is of secondary
origin, the gas is composed predominantly of material leftover from
the primordial disc (Kóspál et al. 2013). Furthermore, Rebollido et al.
(2018) detected hot gas in absorption in cold-gas-bearing debris discs
with edge-on orientation, but not in those with face-on orientation.
This was attributed to a geometrical observational effect, implying
hot and cold gas are simultaneously present in discs despite the
detectability, and possibly have a common secondary origin where
small bodies in the system would be releasing gas (via evaporation
or collisions) at different locations in the disc. The presence of ex-
ocomets in some of these objects strengthens the theory that small
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objects and planetesimals could play a key role in the replenishment
of secondary gas.
In this work, we present the results of an ALMA survey to search

for cold CO gas in a sample of debris disc stars with hot gas detected
through optical spectroscopy. The goal is to test the hypothesis of the
simultaneous presence and maybe a common origin for both types of
gas. We report the detection of CO in one of the targets, HD 36546,
the youngest in our sample.

2 SAMPLE AND OBSERVATIONS

2.1 Sample

Our target selection required the stars to have debris discs, evidence
of hot circumstellar gas (either variable or stable, see Rebollido et al.
2020), to be accessible from the ALMA site, and to not have been
observed before for a cold-gas detection. Our final list is composed
of eight stars hosting debris discs with IR luminosities on average
one order of magnitude lower than the known cold-gas bearing de-
bris discs and with SEDs compatible with a two-belt dust structure,
indicative of a system architecture comparable to the Solar System
asteroid and Kuiper belts. These features are similar to those present
in the objects with hot and cold gas already confirmed (Rebollido
et al. 2018). Furthermore, six of the sources show variability in spec-
troscopic observations, attributable to the presence of exocomets.
Table 1 lists the objects observed and some properties, including
age, distance and fractional luminosity. Spectral energy distributions
of the objects in the sample are shown in Fig. 1 and A1.

2.2 Observations and data reduction

The sample was observed with ALMA during Cycle 7 (project
2019.1.01517.S, PI: I. Rebollido) between November 25th and De-
cember 22nd, 2019. Observations were performed in Band 6, aiming
to detect both continuum and CO J=2-1 emission from the discs: the
correlator setup included six spectral windows, three of them cen-
tered at the 12CO, 13CO, and C18O J=2-1 transitions with a band-
width of 468.75MHz and a channel width of 244 kHz, and three
additional spectral windows to probe the continuum (two of them
centered at 217 and 234GHz with a 2GHz bandwidth, and one more
located at 231.4GHz with a bandwidth of 468.75MHz). We used the
most compact configuration of the main array (C43-1, with baselines
ranging from 15 to 300m) to maximize sensitivity, yielding beam
sizes ∼1.5′′x1.0′′.
The calibrated observations provided by the observatorywere used

to image the continuum using the tclean task of the CASA soft-
ware (McMullin et al. 2007) version 5.4. We produced images with
map sizes of 300 × 300 pixels and a pixel size of 0.1 ′′using Briggs
weighting, and explored different values of the robust parame-
ter. Resolved continuum detections at the nominal source positions
were found for HD 36546, HD 158352 and HD 110411, and offset
emission was also detected for HD 37306 (multiple sources) and
HD 182919, possibly associated with (sub-)mm background objects.
The final 1.33mm continuum images (see Fig. 3 and Fig. A2) were
produced with robust=0.5 as a compromise between sensitivity and
resolution, except for the case of HD 110411 and HD 158352, where
images were produced with robust=2 in order to improve the sig-
nal to noise ratio. In the case of HD 36546, we also performed one
single round of phase-only self-calibration on each of its two individ-
ual observations by combining all spectral windows (after masking

channels with potential line emission) and scans, which increased its
peak S/N from 47 to 65. For HD 36546 and HD 158352, image cubes
of the three targeted CO lines were produced using the continuum-
subtracted visibilities around the corresponding lines. For the rest of
the objects in the sample, cubes of the 12CO line were also produced
in order to estimate upper limits.
We retrieved the peak and integrated flux, the angular size and

the inclination using the fitting function in the CASA viewer for the
continuum images and the zeroth moment maps of the 12CO and
13CO lines.

3 RESULTS

3.1 General results

Out of the eight objects in the sample, onlyHD36546 shows evidence
of CO gas in the disc and was also detected in continuum. The
remaining seven objects show no evidence of CO gas, and three of
them have also no detection in the continuum (see Table 1 and Fig.
A2). There is, however, detection of continuum emission in the field
of view of HD 37306, HD 110411, HD 158352 and HD 182919.
When there is no CO detection Table 1 includes upper limits (5 𝜎)

for both the 12CO and continuummeasurements. Three point sources
are detected around 10 ′′ north of the nominal position of HD 37306
in continuum emission (see Fig. A2), two of them with similar fluxes
of 0.6±0.1 mJy; and a third one with 0.17±0.05 mJy. They do not
seem to be related to the source, and are most likely background
objects. No sources were found with similar coordinates in the Gaia
1 or NASA/IPAC Extragalactic Database archives 2.
There is also a point source detection in the continuum observa-

tions at ∼ 10′′ from the nominal position of HD 182919, that is not
compatible with emission from the target star. A search in the Gaia
archive has revealed one object compatible with the position of the
detected emission (Gaia EDR3 4515892996340398336) with a faint
𝐺 magnitude (∼ 20), and therefore the emission is likely coming
from this background object.
There are three sources in our sample forwhich there are associated

continuum detections: HD 36546, HD 110411 and HD 158352. HD
36546 continuum emission is detailed in the next subsection. HD
158352 shows an elongated, low SNR (∼ 8), continuum emission
that could correspond to the thermal emission of a dusty circumstellar
disc. The integrated flux averaged over the whole emission area is
given in Table 1. After gaussian deconvolution, the size of the major
axis of the disc is 540 ± 70 au. Taking the temperature for the dust
given in Roberge &Weinberger (2008), 76.1 K, it yields a dust mass
of 5· 10−2 M⊕ (see procedure in Sect. 3.2.1).
HD 110411 shows a tentative detection of ∼ 5 𝜎 at the position

of the star. The flux density integrated over all the disc structure is
shown in Table 1, but further observations are needed to confirm the
presence of mm-sized dust in the system. If we consider the obtained
flux and the temperature given for the cold component in Thureau
et al. (2014), 68 K, we obtain a dust mass for the system of 3· 10−3
M⊕ .

MNRAS 000, 1–7 (2021)
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Name RA (J2000) DEC (J2000) Sp. type Distance(∗) V Age LIR/L∗ F𝜈(1.3 mm) 12CO (2-1)

hh:mm:ss dd:mm:ss pc (mag) Myr mJy mJy km s−1

HD 5267 00:54:35.23 +19:11:18.3 A1V 76.8 ± 4.4 5.79 200 (1) 3.9·10−5(1) <0.11 <9.5
HD 36546 05:33:30.76 +24:37:43.72 B8V(†) 100.2 ± 0.4 6.95 3-10 (2) 3.4·10−3(2) 2.59±0.05 (2.67 ± 0.04)×103
HD 37306 05:37:08.77 -11:46:31.9 A2V 69.6 ± 0.2 6.09 38-48 (3) 1.2·10−4(1) <0.11 <9.5
HD 110411 12:41:53.06 +10:14:08.3 A3V 38.9 ± 0.2 4.88 86 (1) 6.4·10−5(3) 0.29±0.06 <10.5
HD 145964 16:14:28.88 -21:06:27.5 B9V 113.0 ± 0.6 6.41 11 (1) 1.5·10−5(1) <0.13 <13.5
HD 158352 17:28:49.66 +00:19:50.3 A8Vp 63.8 ± 0.3 5.41 890 (1) 9.3·10−5(4) 1.63±0.15 <14.0
HD 182919 19:26:13.25 +20:05:51.8 A0V 72.1 ± 0.2 5.59 198 (1) 3.4·10−5(1) <0.08 <10.5
HD 183324 19:29:00.99 +01:57:01.6 A0IV 60.4 ± 0.2 5.79 140 (1) 1.8·10−5(5) <0.13 <14.0

Table 1. Objects in the observed sample. The 1.3mm and 12CO fluxes include the 5 𝜎 upper limits and detections of the integrated intensity over the whole
emission area. Numbers in parenthesis denote the corresponding references.
References. Age: (1) Chen et al. (2014); (2) Lisse et al. (2017); (3) Bell et al. (2015). LIR/L∗: (1) Chen et al. (2014); (2) Lisse et al. (2017); (3) Thureau et al.
(2014); (4) Roberge & Weinberger (2008); (5) Draper et al. (2016)
(†) This star has also been reported in the literature as an A1 star (Lisse et al. 2017).
∗ Distances are calculated from Gaia DR2-EDR3 parallaxes Gaia Collaboration et al. (2018, 2020).

Peak Intensity∗ Flux∗ a Incl. M
(au) (deg) (M⊕)

Cont. 1.33 ± 0.03 mJy 2.59±0.05 mJy 187.7 ± 6.2 79.0 ± 1.5 (9.0±1.0)·10−2
12CO 1.42 ± 0.02 Jy km s−1 beam−1 2.67 ± 0.04 Jy km s−1 216 ± 4 78.3 ± 1.2 (3.2±1.2)·10−313CO 0.07 ± 0.01 Jy km s−1 beam−1 0.15 ± 0.02 Jy km s−1 259 ± 84 75.1 ± 6.2

Table 2. Continuum and gas detections for HD 36546. Table shows the peak intensities, fluxes, major axis (a), inclination and mass. The 13CO observations
were partially unresolved, and therefore no inclination data is provided.
∗ Uncertainties do not account for the absolute flux calibration uncertainty (≤ 10% in this band).

3.2 HD 36546

3.2.1 Continuum

We detect 1.33 mm continuum extended emission originating from
HD 36546 (see Fig. 3). Peak and integrated flux, size, and inclination
are reported in Table 2. Once deconvolved from the beam, the ma-
jor axis of the disc spans 180 au, compatible with the size reported
from scattered light observations (semi-major axis of 85 au, Currie
et al. 2017). The inclination is directly provided by the CASA tool,
as obtained from the ratio of the major and minor axis deconvolved
from the beam. The total mass can be estimated by assuming an
optically thin dust disc as 𝑀𝑑 =

𝐹𝜈𝑑
2

𝐵𝜈 (𝑇𝑑,𝑐)𝜅𝜈 , where 𝐹𝜈 is the mea-
sured flux at 1.33 mm, 𝑑 is the distance to the source, 𝐵𝜈 is the
Planck function at the corresponding dust temperature 𝑇𝑑 , 𝑐, and 𝜅𝜈
is the mass absorption coefficient that we take as 𝜅𝜈 = 2 cm2 g−1
following Nilsson et al. (2010). In order to estimate a temperature for
the dust, we have fitted a modified black-body to the available pho-
tometry at wavelengths longer than 10 𝜇𝑚 (AKARI, WISE, IRAS,
Herschel)3 and the new ALMA photometry using the emcee Affine
Invariant Markov chain Monte Carlo Ensemble sampler implemen-
tation (Foreman-Mackey et al. 2013). This wavelength range was
chosen to avoid the silicate emission observed in the mid-IR spectra
reported by Lisse et al. (2017) around ∼10 𝜇𝑚. Additionally, there is
some discrepancy between the photometric data of WISE, Herschel,
and ALMA, and those of IRAS and AKARI. Given their larger PSFs
and lower sensitivites, we decided to exclude the latter two from

1 https://gea.esac.esa.int/archive/
2 https://ned.ipac.caltech.edu
3 Obtained from the CDS portal http://cdsportal.u-strasbg.fr

the fitting. The modified black body model assumes all dust grains
have the same composition and size, and accounts for changes in the
dust emission efficiency (𝑄𝜆) via two additional free parameters: 𝛽
and a reference wavelength 𝜆0, such that the black body emission is
modified by a factor 𝑄𝜆 = 1 − exp[(𝜆0/𝜆)𝛽] (e.g. Williams et al.
2004) Therefore, our model has four free parameters: a scaling fac-
tor which controls the disk luminosity, the dust temperature, 𝛽 and
𝜆0. Uniform priors were used for all parameters within reasonable
ranges: scaling values that produce disk luminosities consistent with
the observed photometry, dust temperatures between 20 and 250K, 𝛽
values between 0 and 1.5, and 𝜆0 between 0.3 and 300 𝜇m (the latter
was explored in log scale). This analysis yields a dust temperature
value of 153 ± 3 K, and a 𝛽 value of 0.24 +0.07

−0.05 as shown in Fig. 1).
𝜆0 is unconstrained. Adopting this temperature value results in a dust
mass of (9.0 ± 1.0) · 10−2 M⊕ . Additionally, the resulting models
yield 𝐿disk/𝐿∗ = (4.43 ± 0.15) × 10−3, compatible with previous
results (see Table 1).

3.2.2 Gas

We detect both 12CO (J=2-1, 230.538 GHz) and 13CO (J=2-1,
220.399 GHz), but we do not detect the C18O (J=2-1, 219.560GHz)
transition at 219 GHz (see upper panels of Fig. 3). Table 2 lists the
measured flux and peak intensity, and the size and angle of both lines.
We estimate the optical depth of the gas (see Lyo et al. (2011)) as:

𝐹12𝐶𝑂

𝐹13𝐶𝑂

=

(
𝜈12𝐶𝑂

𝜈13𝐶𝑂

)2
× 1 − 𝑒−𝜏12

1 − 𝑒−𝜏12/𝑋
, (1)

where 𝑋 is the 12CO/13CO abundance ratio (∼ 77, Wilson&Rood
1994). Following this expression we obtain 𝜏12𝐶𝑂

∼ 5, and 𝜏13𝐶𝑂
∼

MNRAS 000, 1–7 (2021)
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Figure 1.Modified black body fit of the observed photometry of HD 36546.
Available photometry is shown as blue dots, and those used to fit the modified
black body are marked in red. The orange lines are 100 modified black
bodies randomly drawn from the posterior distribution, and are added to the
corresponding Kurucz photosphere to create the full model (black lines). The
adopted stellar parameters come from Rebollido et al. (2020).
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Figure 2. Velocity map of HD 36546 for 12CO and 13CO lines. Size of the
beam is indicated in the lower left side. Contours show 5, 10 and 50 𝜎 of the
continuum emission detections.

0.06, meaning 12CO and 13CO are optically thick and optically thin
respectively.
Following Moór et al. (2017) (section 4), we calculated the CO

mass as 𝑀𝐶𝑂 = 4𝜋𝑚𝑑2 𝑆21
𝑥2ℎ𝜈21𝐴21

𝑓𝑖𝑠𝑜; where 𝑚 is the mass of the
COmolecule, 𝑑 is the distance to the star and ℎ is the Planck constant.
We used the 13CO(J=2-1) as optically thin line for the flux 𝑆21,
frequency 𝜈21 and Einstein constant 𝐴21. 𝑓𝑖𝑠𝑜 is the isotope ratio
12𝐶16𝑂/13𝐶16𝑂, that was obtained from Wilson & Rood (1994),
and 𝑥2 is the fractional population of the upper level, calculated from
the Boltzmann distribution, and considering a temperature of the
gas equal to the excitation temperature of the CO (∼ 20 K). This
estimation is valid only under the assumption of LTE, with a high
density gas and frequent collisions. In a non-LTE situation, with a
lower density of the gas and the excitation of the molecules being
dominated by radiative processes, the excitation temperature could
be lower and therefore the gas mass would be higher (for a more
detailed explanation, see Sect. 4 in Moór et al. 2017). Under this
assumption, we obtain a CO mass of (3.2±1.2)·10−3M⊕ .
The Keplerian rotation of the disc can be seen both in the spectral

line profiles and in the velocity maps. Fig. 2 displays the velocity
maps for both lines, colour-coded to show the rotation of the disc.
Bottom panels of Fig. 3 show the spectral profile of the lines, where
the double-peak emission is visible correspondent to the blue- and
red-shifted regions of the gaseous disc with Keplerian rotation (note

that the 13CO spectrum is binned with a factor of two to increase
the S/N in each channel). The center of the line shows the systemic
velocity of the object in the local kinematic standard of rest 𝑣helio =
14.7 ± 0.6 km s−1 that corresponds to a velocity of 3.3 ±0.6 kms−1
in the LSR frame (see Rebollido et al. 2020).

4 DISCUSSION

4.1 Cold gas in debris discs

The initial goal of the observationswas to determine if the presence of
hot gas found in optical wavelengths and located in the inner regions
of some debris disc systems could serve as a proxy for the presence of
cold gas, much further out, and detected in long wavelengths (far-IR
or sub-mm) as suggested in Rebollido et al. (2018). All objects in the
observed sample show gaseous absorptions that can be interpreted
as gas located in the inner regions of the system, very close to the
star (see Sect. 2.1 and Rebollido et al. 2020). We found cold gas in
only one out of 8 sources, meaning there are no detections of cold
gas in 87% of the sample. This means at this level of sensitivity, we
cannot rely on hot gas as an indicator for cold gas in debris discs,
and deeper studies are needed.
Fig. 4 shows the gas and dust masses, and the gas to dust ratio

of the objects in the sample, the debris disc with available CO gas
masses around A-type stars (CO and dust masses from Moór et al.
2017, 2019), and the hybrid disc candidate HD 141569 (Di Folco
et al. 2020). For the objects in our sample with non-detections, we
used the upper limits in Table 1 to roughly estimate the dust and
CO mass limits following the procedures in Sect. 3.2.1 and 3.2.2.
The presence of CO gas cannot be discarded for the objects without
detections, but the mass upper limits are very low in comparison with
other gas bearing debris discs (left panel of Fig. 4).
According to the model of secondary gas discs Kral et al. (2017),

the CO mass depends both on the CO production rate and the pho-
todissociation lifetime of the released molecules which is influenced
by the strength of the UV radiation field and the possible shielding
processes (self-shielding of CO and shielding by C atoms). Assum-
ing that dust and gas stems from an ongoing collisional cascade of
icy planetesimals, the CO production rate can be estimated as MCO
= Mloss × 𝛾, where 𝛾 is the CO+CO2 ice mass fraction of the solids,
while 𝑀loss is the mass loss of the cascade which has a strong de-
pendence on the fractional luminosity (∝ (LIR/L∗)2). Most currently
known CO-bearing debris discs around A-type stars typically have
fractional luminosities >5×10−4 which is much higher than the val-
ues typical of our sample (with the exception of HD 36546, our
only detection) suggesting significantly larger CO production rates.
Fomalhaut is the only one among them whose fractional luminosity
is similar to that of our targets. Matrà et al. (2017b) reported an
integrated CO (2-1) line flux of 68 mJy kms−1 for this object. Con-
sidering that even our closest target (HD 110411) is at least 5 times
as far away as Fomalhaut, we could not have detected such a faint
CO disc in our project. Therefore, the non-detections here do not
necessarily rule out the presence of CO gas in our discs and thus are
not enough to state that there is no correlation between the presence
of hot and cold gas.
While we expect most of the gas to be of secondary origin in debris

discs (Kral et al. 2019), the majority of objects with detected cold
gas are younger than 100Myr and it has been suggested that in young
discs at least part of the gas could be primordial, i. e., hybrid discs
(Kóspál et al. 2013).
A part of the observed sample is significantly older than most of

MNRAS 000, 1–7 (2021)
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Figure 3. Emission observed in HD 36546. Top panels, left to right: Integrated emission of 12CO (230.538 GHz), 13CO (220.398 GHz) and continuum (1.33
mm). In all panels the size of the beam is indicated in the lower left corner. Contours indicate 5, 10 and 50 𝜎. Bottom panel, left to right: Spectra of 12CO and
13CO. The 12CO panel shows the double peaked profile, typically indicative of Keplerian rotation, and less visible in the 13CO panel. The continuous horizontal
line marks the continuum (at 0 mJy) and the vertical dashed line shows the systemic velocity of the disc. The 13CO spectrum has been binned by a factor of two
to improve the S/N.

the objects with detected gas, with the exception of HD 36546, HD
145964 and HD 37306. Still, Fomalhaut (Matrà et al. 2017b, 440
Myr) and 𝜂 Crv (Marino et al. 2017, 1 Gyr) seem to host a non-
negligible amount of gas, most likely of secondary origin given their
large ages.
From Fig. 4 (right panel), there is also no trend of the gas to dust

ratio with age. The largest ratio is found in one of the oldest stars, HD
21997 (40 Myr), while the lowest is in 𝛽 Pic, a 20 Myr old star. Most
of the objects clump over a gas to dust ratio of ∼ 3·10−2, but that is
only 8 out of 13 (60%), and they span ages from 3 Myr (lowest age
estimation for HD 36546) to 42 Myr. The sample might not be large
enough to discuss statistics (only 14 discs with a reported CO mass,
including HD 141569 and 15 with reported dust mass), and in order
to investigate the temporal evolution of the gaseous component, we
might need to differentiate between hybrid discs and secondary discs.

4.2 The context of HD 36546

Despite having a remarkably bright and close debris disc (𝐿I𝑅/𝐿∗ =
3.4×10−3, see Table 1), there are few studies centred on HD 36546.
This source is classified in the literature as a B8-A1 type star (e.g.
Rebollido et al. 2020; Lisse et al. 2017), located at a distance of ∼
100 pc (Gaia EDR3, Gaia Collaboration et al. 2020). Currie et al.
(2017) pointed out that the star could be linked to a sub-group of the
Taurus-Auriga forming region, and estimated an age of 3-10 Myr.
This would agree with the conclusion reached in (Lisse et al. 2017),
that this object is in fact a very young debris disc that has recently
lost his primary gaseous component.
As many other debris disc (e.g., see Chen et al. 2014), HD 36546

seems to host a two-belt disc, of 570 and 135 K, as reported by Lisse
et al. (2017) when performing a black body fit to both spectroscopic
and photometric points. The outer region of the disc would be located
further than 20 au, and corresponds to that imaged by Currie et al.

(2017), while the inner disc remains undetected in scattered light.
A recent publication by Lawson et al. (2021), reporting multiwave-
length scattered light observations in the near-IR, provides a new
morphological analysis of the disc, consistent with previous results,
including this paper. Unfortunately, due to the original goal of the
observations presented here (gas detection) the experimental design
lacks the spatial resolution to detect any substructures in the disc.
However, and while the sizes of the disc are similar (Table 2), the
gas disc is slightly larger in the ALMA observations, as seen in Fig.
2. In that same figure the inclination of the gaseous disc seems to
be the same as the dusty disc, in agreement with the reported values
in Table 2. However, and due to the low spatial resolution, it is not
possible to reach a firm conclusion.

Spectra in the mid-IR region shows an unusual feature at 7-8 𝜇m
along with the typical silicate feature around 10 𝜇m, which could
be indicative of a large abundance of carbon-rich mineral species.
A recent giant collision is proposed as the source of this material,
and in this scenario a large amount of gas would also have been
released (Lisse et al. 2017). According to Fernández et al. (2006), an
overabundance of ionized carbon gas in the disc could act as a self-
shield and prevent the blowout of the gas viaCoulomb interactions (as
seen for other discs, e.g. Roberge et al. 2000), allowing the detection
of hot stable gas such as the one reported by Rebollido et al. (2020)
for this object. The possibility of a dynamically active environment
is also reinforced by the detection of exocomet-like events (also
reported in Rebollido et al. 2020), which have been suggested to
require a planetary mass perturber (Beust et al. 1991). Currie et al.
(2017) investigated the possible presence of a planet in the scattered
light images that could affect the stirring of the disc (see Fig. 4 in
their work), reaching upper limits of 5-6 M𝐽 at 23 au, and 2.5 M𝐽 at
wider separations (>70 au).

Finally, the difference in the detected disc size reported here for
the continuum (∼ 187 au) with respect to scattered light in near-IR
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Figure 4. Context of the sample compared to other debris discs around A-type stars with detected CO gas. Red symbols mark the positions of the stars in the
sample, numbered from 1 to 8. Triangles indicate upper-limits for non-detections. Black circles mark other debris discs with detections in the literature numbered
from 9 to 21 (Moór et al. 2017, 2019; Di Folco et al. 2020).

(170 au, Currie et al. 2017; Lawson et al. 2021) is not really sig-
nificant, and might indicate a uniform grain size distribution in the
disc. The orientation of the disc reported here is also compatible with
the one reported in Currie et al. (2017); Lawson et al. (2021). Ob-
servations with a higher spatial resolution will allow a more precise
determination of the distribution of the largest (mm) grains.

5 SUMMARY

The original goal of the observations presented here was to determine
if there is a correlation between the presence of hot optical gas, and
cold (sub-)mm gas, complementing the work in Rebollido et al.
(2018). From a sample of eight debris discs, all of them with optical
gas detected, we only detect (sub-)mm gas in one case, HD 36546.
Even if the upper limits of the gas mass for these objects are very
sensitive, this is not necessarily an indication of the lack of gas in
these systems. Models such as the one presented in (Kral et al. 2017)
suggest that the mass of CO is well below the detection limits of
ALMA and APEX for discs with low IR luminosities, and therefore
more sensitive observations would be required in order to reach a
reliable conclusion. We also report continuum detection for three
objects in the sample: HD 36546, HD 110411 and HD 158352.
We report here for the first time the detection of 12CO, 13CO

and continuum at 1.3 mm in the debris disc of HD 36546. This
object might be one of the youngest debris discs, with a reported age
between 3 to 10 Myr. The detected gas content is similar to the rest
of the known discs with gas, compatible with the model presented in
Kral et al. (2017). While the origin of the gas in the disc is not clear,
and could be a similar case to other objects present in the literature
(see e.g. Kóspál et al. 2013; Péricaud et al. 2017) where the origin
of the gas is mostly primordial, or even a mix of both primordial and
secondary gas, recent studies suggest that a large gas to dust ratio in
debris discs can be explained with a secondary origin alone (Kral
et al. 2019). The context of this object, an unusually young bright
debris disc (𝐿𝐼 𝑅/𝐿∗ ∼ 10−3) with a carbon rich disc, the presence
of exocomets detected in spectroscopy, and an age compatible with
the end of its transition phase, makes it a promising candidate for
follow up studies that could be key to unveil planet-disc interaction
processes.
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Figure A1. Spectral energy distribution of objects in the sample with no CO detections. Spectral models shown in gray were interpolated from Kurucz (1993)
according to the paramters listed in Rebollido et al. (2020). Arrows in ALMA fluxes indicate upper limits. References:ESA (1997); Egan & Price (1996); Cutri
et al. (2013); Abrahamyan et al. (2015); Chen et al. (2014); Marton et al. (2017)

Figure A2. Maps of continuum emission at 1.3 mm for the objects in the sample with non-detected CO. ALMA beam size is shown in the bottom left of all
figures. The nominal position of the stars is marked with a white star symbol. Four objects show continuum emission, two of them (HD 37306 and HD 181929)
not compatible with the source location. See Sect. 3.1.
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