
Astronomy & Astrophysics manuscript no. aa ©ESO 2024
April 9, 2024

First ALMA observations of the HD 105211 debris disc: A warm
dust component close to a gigayear-old star

Qiancheng Yang1, Qiong Liu1, 2, Grant M. Kennedy3, Mark C. Wyatt2, Sarah Dodson-Robinson4, Rachel Akeson5, and
Nenghui Liao1

1 Department of Physics, Guizhou University, Guiyang 550025, China
e-mail: qliu1@gzu.edu.cn

2 Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 0HA, UK
3 Department of Physics and Centre for Exoplanets and Habitability, University of Warwick, Gibbet Hill Road, Coventry CV4 7AL,

UK
4 Department of Physics and Astronomy, Bartol Research Institute, University of Delaware, 217 Sharp Lab, Newark DE 19716, USA
5 Caltech-IPAC, Pasadena, CA 91125, USA

Received XXX; accepted YYY

ABSTRACT

Context. Most debris discs consist of a gas-poor, cold dust belt located tens to hundreds of astronomical units away from the host star.
Many cold dust belts exhibit distinct structures attributed to the dynamic interaction of planetary systems. Moreover, in a few systems,
additional warm components can be found closer to the central star, resembling the asteroid belt or zodiacal dust in our Solar System.
Aims. In this work, we investigate the structure of the disc surrounding the nearby F2V star HD 105211 (η Cru, HIP 59072), which
has a warm excess (seen with Spitzer/MIPS at 24 µm) and a potential asymmetry in the cold belt (seen in the Herschel/PACS images).
Methods. We applied the CASA pipeline to obtain the ALMA 1.3 mm continuum images of HD105211. Then we constructed the
spectral energy distribution (SED) of the system and performed Markov Chain Monte Carlo (MCMC) simulations to fit a model to
the ALMA visibility data. To characterise the disc asymmetry, we analysed the ALMA images of two individual observation blocks
(OB1, conducted on 2017 March 28, and OB2, conducted on 2018 May 9) and compared them to the previous Herschel images.
Results. Our modelling reveals that the disc around HD105211 is a narrow ring (23.6±4.6 au) with low eccentricity (e ≤ 0.03)
positioned at a distance of 133.7±1.6 au from the central star, which differs from the broad disc (100± 20 au) starting at an inner edge
of 87± 2.5 au, inferred from the Herschel images. We found that both observation blocks show excess emission at the stellar position
(> 3σ), while OB1 shows an offset between the star and the phase centre (∼ 0.3′′), and OB2 shows brightness clumps (∼ 2σ). We
used a two-temperature model to fit the infrared SED and used the ALMA detection to constrain the warm component to a nearly
pure blackbody model.
Conclusions. The relatively low ratio of actual radius to blackbody radius of the HD105211 debris disc indicates that this system is
depleted in small grains, which could indicate that it is dynamically cold. The excess emission from the stellar position suggests that
there should be a warm millimetre-sized dust component close to the star, for which we suggest two possible origins: in situ asteroid
belt or comet delivery.
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1. Introduction

Debris discs are dusty ring-like structures that surround stars and
contain exocomets, asteroids, and dust, and they are analogous
to the asteroid belt and the Kuiper Belt in our Solar System (Lis-
sauer 1993). Representing the final stage of circumstellar disc
evolution, debris discs hold valuable information about the evo-
lution and dynamical history of a system. Interactions of plane-
tary components lead to destructive collisions of larger planetes-
imals, known as collisional cascades (Wyatt 2008), and cause
the solid components of debris discs to have a wide radius dis-
tribution, from small asteroid-sized objects to micrometre-sized
particles. Optical and infrared light from the star in the debris
disc is absorbed by the solid components and then reemitted at
longer wavelengths. At infrared and millimetre wavelengths, the
thermal emission from dust can be much brighter than the central
star.

The spectral energy distribution (SED) of a system probes
the stellar and disc properties. Multi-wavelength photometry

provides valuable information such as an estimate of the dust
temperature and its radial location (Wyatt et al. 2007; Kains et al.
2011; Liu et al. 2014). Surveys have shown that most debris discs
are located at distances of tens to hundreds of astronomical units
from the star they surround, similar to the Kuiper Belt. At such
distances, the dust have a low-temperature and are referred to as
"cold dust" (e.g., Eiroa et al. 2013; Chen et al. 2014; Sibthorpe
et al. 2018) However, a small fraction of debris discs also contain
warm or even hot dust, which is inferred to be closer to the star,
at distances of just a few astronomical units or less, similar to the
asteroid belt or zodiacal dust (Absil et al. 2013; Ballering et al.
2017; Liu 2021). This hot dust is mainly found in debris discs
with ages younger than 100 Myr (Kennedy & Wyatt 2013), but
it has also been observed around some older debris discs, such
as η Corvi (Marino et al. 2017).

Further insight into the physics of debris discs has been
provided by resolved images at multiple wavelengths that trace
grains of different sizes and reveal diverse morphologies. Optical
and infrared observations trace micron-sized grains, which are
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influenced by factors such as radiation pressure (Su et al. 2009);
Poynting-Robertson drag (Burns et al. 1979); and even the in-
terstellar medium (Mazoyer et al. 2014). Such observations have
unveiled specific features such as extensions (e.g., HD 15115,
Schneider et al. 2014); warps (e.g., β Pic, Heap et al. 2000);
and wings (e.g., HD 32297 and HD 61005, Schneider et al.
2014). Millimetre and submillimetre observations trace larger
millimetre-sized grains that are less affected by non-gravitational
forces. As a consequence, (sub)millimetre observations provide
insights into the location of the planetesimal belt, where par-
ent body collisions occur, which makes them especially critical
to understanding the physical mechanisms shaping debris discs.
There are also various structures observed in (sub)millimetre im-
ages, including rings (e.g., HD170773; HD181327; HR 4796A,
Sepulveda et al. 2019; Marino et al. 2016; Kennedy et al. 2018);
wide discs influenced by multiple planets (e.g., HR 8799, Wilner
et al. 2018) or other effects (e.g., 49 Ceti; Hughes et al. 2017);
gaps potentially caused by orbiting planets (e.g., HD 107146;
HD 92945, Marino et al. 2018, 2019); eccentric rings that may
be sculpted by eccentric planets (e.g., Fomalhaut; HD 53143,
MacGregor et al. 2017, 2022); and clumps that may result from
transient collisions or planetary resonances (e.g., ϵ Eri, Holland
et al. 2017). All of these structures reflect the dynamical evolu-
tionary history of debris discs, but their relationship to the early
protoplanetary phase evolution remains unclear (Lodato et al.
2019).

A nearby F2V star, HD105211 (η Cru, HIP 59072) has an
estimated age of 1.34-1.92 Gyr (Gaia Collaboration 2022) and is
located at a distance of 19.76 pc (van Leeuwen 2007). We note
that it is a spectroscopic binary star, and the companion com-
ponent remains unresolved in the optical (Ammler-von Eiff &
Reiners 2012). The infrared excess of HD105211 was first re-
ported in Beichman et al. (2006) as a bright extended source ob-
served in the Multiband Imaging Photometer for Spitzer (MIPS)
70 µm image. Chen et al. (2014) presented a two-temperature
model in their SED fitting, while Dodson-Robinson et al. (2016)
found a significant warm excess at 24 µm of Spitzer/MIPS based
on the Dodson-Robinson et al. (2011) model photosphere and
their re-reduction of the MIPS data. They also first reported the
excess at 70, 100, and 160 µm of the Photodetector Array Cam-
era and Spectrograph (PACS) of the Herschel Space Observa-
tory and presented the resolved images. After that, Hengst et al.
(2017) combined these PACS data with photometry from optical
to far-infrared wavelengths to better determine the disc archi-
tecture. Their simultaneous fit to the Herschel images and the
SED suggested a broad disc (100 ± 20 au) starting at an inner
edge of 87 ± 2.5 au, and the resolved images showed a potential
asymmetry such that the NE ansae is closer to the stellar position
(86.0 ± 5.7 au) than the SW counterpart (116.0 ± 8.2 au). More-
over, evidence from the SED indicates the presence of warm dust
close to the star. However, there was no high-resolution imaging
to characterise the warm dust at the time.

In this work, we study the disc structure of HD105211
through Atacama Large Millimeter/submillimeter Array
(ALMA) 1.3 mm continuum observations. In Sect. 2, we
describe the observation setup and analyse the continuum image
and its level of asymmetry. Then, in Sect. 3, we present both
the SED fitting and visibility model fitting of the ALMA data
to constrain the spatial distribution and properties of the dust.
Our fit sets an upper limit on the eccentricity of the disc and
identifies a flux excess from the stellar position. In Sect. 4,
we compare the ALMA images with previous images from
Herschel and discuss the collisional status of the disc as well

Table 1. Summary of ALMA observations at 1.3 mm (Band 6).

Parameter 2017 Mar. 28 2018 May 09
No. antennas 44 45
Array 12m 12m
tsci(min) 30.17 30.11
J2000 R.A. 12h06m52.99s 12h06m52.99s
J2000 Decl. -64◦36′50.11′′ -64◦36′50.13′′
PWV (mm) 2.73 1.17
Baseline (m) 15.1-160.7 15.0-455.6
Beam size (′′) 2.25 × 1.85 1.41 × 1.11
Beam PA (◦) 49.6 -72.6

as the warm inner dust component. Finally, Sect. 5 contains our
conclusions.

2. Observations

2.1. Observational information

The star HD 105211 was observed with ALMA Band 6 (1.3
mm) under the Cycle 4 project 2016.1.00637.S (PI: Dodson-
Robinson, Sarah). The observation block was executed in con-
figuration C43-1 with a minimum baseline of 15.1 m and a max-
imum baseline of 455.6 m. Other observation parameters are
listed in Table 1 and include the total observation time on source
tsci, J2000 coordinates (RA and Dec), precipitable water vapour
(PWV; a measure of the weather quality), and the beam size.

We note that the two observation blocks of HD105211 are
separated by approximately one year, with different baseline
combinations. The existence of two epochs helps in identifying
any time evolution in the HD 105211 system whilst confirming
the authenticity of each signal. Hereafter, we refer to the obser-
vation block conducted on 2017 March 28 as OB1 and the one
from 2018 May 9 as OB2.

The correlator was set up to study the dust continuum emis-
sion with four spectral windows centred at 223 GHz, 225 GHz,
239 GHz, and 241 GHz; a bandwidth of 2 GHz; and a channel
width of 15.625 MHz. In combination, the four windows pro-
vided a total bandwidth of 8.0 GHz to study the target emission.

The data were calibrated using the standard ALMA pipeline
in CASA5.1.1 (McMullin et al. 2007). To reduce the data vol-
ume, the calibrated visibilities were time-averaged in intervals of
10s. We carried out continuum imaging and deconvolution using
the "tclean" task in CASA. To obtain the greatest signal-to-noise
ratio, we reconstructed the image using natural weighing.

2.2. Results

Figure 1 presents the ALMA 1.3 mm continuum image of the
HD 105211 system. The image was synthesised by combin-
ing the visibilities from both observation blocks using natural
weighting. The synthesised beam has dimensions of 1.62′′ ×
1.57′′ (32 au × 31 au) and a position angle of 40.2◦as well as
an rms sensitivity of 16 µJy beam−1. A bright point source is
prominently featured at the centre, with a peak S/N of 10.5 and
a flux of approximately 168 µJy beam−1. The emission of the
central star (∼100 µJy, estimated from the SED; see Sect. 3.1)
dominates the point source, but there is also a weaker extended
structure that may be attributed to the warm debris disc near the
star. The brightness peak of the cold disc is located at a distance
of 6.6′′(130 au) from the star. The width of the disc is 1.6′′(32
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Fig. 1. ALMA 1.3 mm continuum image of HD 105211 obtained us-
ing natural weights. Contours are drawn at the levels [−3, 3, 6, 9] ×
σrms(rms = 16 µ Jy beam−1). The beam size is represented by a white
ellipse (1.62′′ × 1.57′′) in the bottom-left corner. The star location is
marked as a red star symbol.

au), which is close to the beam size, indicating that the full width
of the disc is even narrower.

To further study the disc structure and properties, we anal-
ysed the surface brightness profiles along both the major and
minor axes with radial averaging using 10 deg-wide swaths. Fig-
ure 2 provides the radial profiles along the major axis (left panel)
and minor axis (right panel), including the 1σ uncertainties using
the σrms of Fig. 1. To facilitate analysis of the resolved structure,
we have included the clean beam in the figure.

The profiles of both the minor and major axes show that the
central point source extends beyond the boundaries of the beam.
Whether these emissions come from an inner component or just
noise needs to be investigated further. Within the minor axis pro-
file, the southeast and northwest directions exhibit similar peak
positions and flux densities, indicating the symmetry in these re-
gions. However, the major profile presents a different picture,
with the peak flux of SW (158 ± 16 µJy beam−1) exceeding that
of the opposite ansa(125 ± 16 µJy beam−1) by approximately
2σ. The peak positions suggest an offset of 0.8′′ (∼17 au) from
the star position. These features imply a potential asymmetry or
eccentricity within the disc.

Figure 3 presents individual images of each observation
block. To assess any potential asymmetry and verify the authen-
ticity of the flux distribution, we conducted a comparative analy-
sis of these images. We first created a version of the OB2 image
with the same beam size as OB1 by smoothing the OB2 im-
age with UV tapering. The smoothed OB2 image is shown in
the middle panel of the figure. We observed from the left panel
and middle panel that both datasets exhibit radiation originating
from the central star and a debris disc, displaying similar mor-
phologies. However, in the OB1 image, the peak of the central
emission appears to be slightly northwest relative to the phase
centre by 0.3′′. Furthermore, there are differences in the bright-
ness distribution of the debris disc between the two panels. In the
OB1 image in the left panel, the disc flux distribution appears
relatively uniform, with the brightest peak located in the north-
east direction (182 ± 27 µJy beam−1)—higher than the opposite
ansa (143 ± 27 µJy beam−1) of 1.5σ. In contrast, the middle
panel of the UV tapering image from OB2 reveals significantly
higher brightness levels in the southwestern region (232 ± 22
µJy beam−1) of -4.7σ compared to the opposite ansa (128 ± 22

µJy beam−1). In the right panel, the unsmoothed OB2 image also
shows a 3σ difference between the two ansa 89±15 µJy beam−1

and 140 ± 15 µJy beam−1, respectively. We also find the pixel
with peak flux near the stellar position and report this flux as
a measure of the central emission in the three images shown in
Fig. 3. The estimated central flux values are 181±27 µJy beam−1,
197 ± 22 µJy beam−1, and 167 ± 15 µJy beam−1, respectively.

3. Modelling

Based on the observations presented in the previous section,
we conduct model analyses in the following subsections. In
Sect. 3.1, we utilise the SED to determine whether the disc com-
prises multiple components. In Sect. 3.2, we employ a paramet-
ric model to fit the ALMA visibilities and constrain the dust
density distribution within the debris disc. In Sect. 3.3, we sepa-
rately fit the images from the two observation blocks to consider
the possibility of any variability and assess the significance of
asymmetries.

3.1. Spectral energy distribution

Table 2. Photometry of HD 105211.

Wavelength Flux Used in Modelling Reference
(µm) (Jy)
0.349 24.02 ± 0.24 Yes 1
0.411 62.40 ± 0.62 No 2
0.42 60.40 ± 0.84 Yes 3
0.51 68.25 ± 0.64 Yes 5
0.53 79.86 ± 0.79 Yes 3
0.54 79.82 ± 0.45 Yes 6
0.55 81.23 ± 1.49 Yes 4
0.64 82.15 ± 0.79 Yes 5
0.78 79.52 ± 0.76 Yes 5
1.2 64.72 ± 15.69 Yes 7
1.6 53.69 ± 11.44 Yes 7
2.2 34.84 ± 7.55 Yes 7
3.4 15.45 ± 1.45 No 8
4.6 7.24 ± 0.31 No 8
9 2.69 ± 0.05 Yes 9
12 1.46 ± 0.02 Yes 8
18 0.64 ± 0.02 Yes 9
22 0.42 ± 0.01 Yes 8
24 0.38 ± 0.01 Yes 10
70 0.47 ± 0.04 No 10
70 0.73 ± 0.06 Yes 11
100 0.73 ± 0.10 Yes 11
160 0.57 ± 0.37 Yes 12
1290 2.5 ± 0.1 × 10−3 Yes 13

References. (1) Mermilliod (2006); (2) Paunzen (2015); (3)Høg et al.
(2000); (4) Bessel (1990); (5) Gaia Collaboration et al. (2018); (6) Esa
(1997); (7) Cutri et al. (2003); (8) Wright et al. (2010); (9) Ishihara et al.
(2010); (10) Chen et al. (2014); (11) Hengst et al. (2017); (12) Marton
et al. (2017);(13) this work.

To construct the SED of HD105211, we collected observa-
tional data from literature papers, including photometric mea-
surements from optical to millimetre wavelengths (see Table 2).
We also included photometry of the unresolved component and
a Spitzer InfraRed Spectrograph (Houck et al. 2004, IRS) low-
resolution spectrum spanning 7.5 to 38 µm, which was obtained
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Fig. 2. Surface brightness profile of disc cut along the minor (left) and major (right) axis. The blue and purple shaded regions correspond to the 1
σ uncertainties of flux, and the dashed line corresponds to the beam size.
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Fig. 3. Continuum images of the two observation blocks with natural weighting. The left panel is for OB1 on 2017 March 28, and the right panel
is for OB2 on 2018 May 9. The middle panel represents the UV tapering (1.8′′×1.5′′) image of OB2 for matching the beam size of OB1. Contours
are drawn at the levels of [−2, 2, 4, 6] × σrms(left: σrms = 27µJy beam−1, middle: σrms = 22µJy beam−1, right: σrms = 15µJy beam−1) to better
highlight the disc structure. The beam size is represented by a white ellipse (left: 2.24′′ × 1.84′′, middle: 2.28′′ × 1.89′′, right: 1.43′′ × 1.12′′) in
the bottom-left corner. The star location is marked with a red star symbol.

from the CASSIS archive (Lebouteiller et al. 2011). We note that
the ALMA Band 6 flux was obtained from our best-fit parame-
ters including the disc flux (2.34mJy) and flux at the stellar posi-
tion (183 µJy; see Table 3). After that, the stellar and disc mod-
els were interpolated to the wavelengths of all data photometric
points, including IRS wavelengths, and then minimisation was
done across all photometric and spectral points. The stellar pho-
tospheric radiation was fitted using the PHOENIX model grid
(Husser et al. 2013), while a blackbody radiation model was em-
ployed to account for the disc emission.

We employed the method described in Yelverton et al. (2019)
to model the dust as a modified blackbody and fit it using the
MULTINEST Markov Chain Monte Carlo (MCMC) algorithm
(Feroz et al. 2009). The emission spectrum includes wavelengths

much longer than the typical sizes of particles contributing to the
emission. Therefore, the blackbody function was multiplied by
a factor (λ0/λ)β for wavelengths λ ≥ λ0. Indeed, most debris
discs display an emission spectrum steeper than the Rayleigh-
Jeans tail at long wavelengths. We found that a single temper-
ature model cannot fit the shape of the mid-IR emission in our
SED, so an additional warm component was needed to fit the
IRS spectrum. Hence, we adopted a two-temperature model to
characterise the infrared excesses.

Our SED results are presented in Fig. 4. The model fit
yielded the effective temperature of the star (Te f f ) as 6990± 100
K and stellar luminosity (L⋆) as 6.8±0.05 L⊙. For the debris disc
components, we derived Tbb = 43 ± 1 K, Rbb = 110 ± 5 au and
Ldisc/L⋆ = 6.3±0.3×10−5 for the cold disc and Tbb = 170±20 K,
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Fig. 4. Spectral energy distribution of HD 105211. The photometry
from the literature is plotted as red circles. The new ALMA observa-
tion is marked as a black circle, and the blue circle represents the flux
at the stellar position. The blue open circle donates the expected stellar
flux, and the red open circle donates the flux seen at the stellar posi-
tion after subtracting the predicted stellar flux. The shaded black line
corresponds to the Spitzer IRS spectrum, and the grey line represents
its ±3σ uncertainties. The blue line represents the stellar photosphere
emission. The green and red lines denote disc emission of the cold and
warm components, respectively, whilst the orange line denotes their to-
tal emission.

Rbb = 7±1 au and Ldisc/L⋆ = 9±1×10−6 for the warm disc. Based
on the best-fit SED model, the estimated stellar flux at ALMA
1.3 mm is 100± 2.5µJy. The modified blackbody parameters for
the cold and warm components are λ0 = 380µm, β = 2.3, and
λ0 = 160µm, β ∼ 0, respectively. In this fit the warm component
is constrained to have the characteristics of a pure blackbody, as
it is required to match the millimetre flux of the central compo-
nent observed in the ALMA images (see Sect. 3.2.2).

3.2. Image modelling

3.2.1. Parametric model

We fit a parametric disc model to place more constraints on
the disc as an optically thin torus using observed visibilities,
which is commonly used for describing millimetre-resolved de-
bris discs. We averaged the data into 10-second long chunks
and spectrally averaged the four spectral windows down to four
channels per spectral window. Then we used the CASA "statwt"
task to recompute the visibility weighting following the averag-
ing process.

We used the parametric structure and modelling code de-
scribed in Kennedy et al. (2018), combining a simple geomet-
rical model similar to "zodipic" ((Kuchner 2012)) and a MCMC
fitting procedure in the visibility space. The image generated was
then Fourier transformed to the visibility plane and sampled at
the same UV points as our continuum observations, computing
the χ2 between the model and the data to quantify the goodness-
of-fit (Tazzari et al. 2018). We assumed posterior distribution
functions are uniform for all parameters.

To find the best-fitting model and explore the parameter
space for posterior probabilities, we used the ensemble MCMC
method proposed by Goodman & Weare (2010) and as imple-
mented by the EMCEE package (Foreman-Mackey et al. 2013).
The model was initialised near the optimal solution based on
prior testing runs. We used 100 walkers and chains with 1000

steps and discard the first 900 steps as a ‘burn-in’ phase to reach
the stable stage.

Our model is an axisymmetric Gaussian ring of radius r0, for
which the additional parameters are the radial σr and the verti-
cal σh density dispersions. The vertical density σh is the vertical
aspect ratio (H/r) in a Gaussian distribution from the midplane.
The model has other parameters, such as disc flux density F, disc
radius r0, disc position angle PA (east of north), disc inclination
i, and small sky offset of the disc from the phase centre x0, y0. In
Sect. 2, we found that the continuum images present seemingly
unresolved emission from close to the location at the central star,
so we added another parameter: the flux density at stellar posi-
tion Fc. The dust density is defined by Eq (1):

ρdust(r, z) = ρ0exp[−
(r − r0)2

2σ2
r
−

z2

2r2σ2
h

]. (1)

Since the surface brightness profile indicates that the disc
might be eccentric, we also considered an eccentric model with
the same parameters as the Gaussian model to fit the image while
adding an additional parameter eccentricity e. For the eccentric
model, there are two main effects: the stellar position that is off-
set from the disc centre, and the apocentre glow (Pan et al. 2016).
Therefore, we replaced ρ0 and r0 in Eq. (1) with formulas of
Marino et al. (2017):

ρc = ρ0[1 − e cos(θ)], (2)

rc =
r0(1 − e)2

1 + e cos(θ)
, (3)

where e represents the eccentricity of the disc and θ denotes
the azimuthal angle of particles measured from the pericentre,
which is not shown in the list of parameters.

3.2.2. Results

The best-fitting parameters for both models are given in Table 3 ,
and the posterior distributions for all parameters are presented in
Appendix A. The Gaussian model yields a disc radius of 133.7±
1.6 au, with a width of 23.6 ± 4.6 au, an inclination of 67.0 ±
0.7◦, and a position angle of 28.3 ± 0.7◦. The eccentric model
provides geometric parameters that are nearly identical to those
obtained from the Gaussian ring model, yielding a disc radius of
133.3 ± 1.4 au with a width of 24.1 ± 5.1 au and an inclination
of 66.9 ± 0.7◦.

Regarding the constraints on disc thickness, both models ob-
tained the same vertical aspect ratio of 0.07. Considering the
shape of the disc and the size of the beam, the vertical direc-
tion may not be resolved. However, our model-fitting results still
align closely with the typically assumed value of 0.05 for the
vertical aspect ratio of the debris disc. Additionally, the stellar
fluxes of the two models are 183 ± 14 µJy and 183 ± 15 µJy,
which are consistent with the measured flux 168± 16 µJy within
the margin of error but higher than the stellar flux by about 5 σ.

Based on our investigation, as discussed in Sect. 2.2, we in-
ferred a possible eccentricity of the disc from the deviation of
peak flux and peak radius in the radial profile. However, the ec-
centricity obtained from the eccentric model was found to be
e ≤ 0.02. Consequently, the geometric shape of the disc in both
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Fig. 5. Residual of the Gaussian model using the same contour lev-
els and beam size as the continuum image with 3 × σrms(σrms= 16µJy
beam−1) and beam size in 1.62′′ × 1.57′′. The red star symbol is the
star’s location. We added contours of the continuum image (white) for
comparison with the residual image.

models was nearly identical, suggesting that the disc is an ax-
isymmetric Gaussian narrow ring. Any asymmetry seen in the
disc images cannot be attributed to the eccentricity.

Since the two models had almost the same geometric shape,
we only computed the residual maps of the Gaussian model at
the same observational resolution, which is shown in Fig. 5. The
residual maps exhibit three significant (3σ) residual clumps co-
incident with the ring, indicating the higher dust density or noise
level for these regions. There are also 2σ residual clumps at the
nor-theast of the star that need further confirmation. And the
residual around the star is lower than 2σ, suggesting the exten-
sion in brightness profile may be attributed to the noise.

3.3. Variability

In this section, we perform parameter model fitting on the data of
the two observations (OB1 and OB2) separately to quantify the
impacts of noise and variability on the results. We used both the
Gaussian and eccentric models and show the results in Table 3.

Although there is an asymmetry in the brightness distribution
of the continuum image for both OB1 and OB2, the eccentricity
obtained from the eccentric model fitting is lower than 0.03 for
both observations. Both the eccentric models and Gaussian mod-
els’ geometric shapes closely align, indicating that these bright-
ness asymmetries may not originate from eccentric structures.
Therefore, we have chosen the Gaussian model parameters as
our result. These parameters of both observations are consistent
with the results obtained in Sect. 3.2, allowing us to better model
the shape of the HD105211 debris disc. We note that the stellar
fluxes obtained from the fitting of OB1 and OB2 are 198 ± 30
µJy and 184 ± 16 µJy, respectively, matching the measured val-
ues in the OB1 and OB2 image of 181±27 µJy and 167±15 µJy
within the margin of error. These flux values are significantly
higher than the expected flux of 100 µJy based on SED by about
4σ and 5σ respectively, confirming that the excess flux obtained
in Sect. 3.2 is not due to noise or stellar variability.

From the continuum image of OB1, we found that the star
deviated from the phase centre by 0.3′′. The best-fit offset for the
x and y directions are 0.05±0.06′′ and 0.15±0.08′′, respectively.
By checking the phase centres of the two observation blocks,
we found that the phase centres of the two observation blocks

deviated by 0.02′′ in the declination direction. While the star is
moving in the southeast direction at a rate of 0.034 arcsec/yr
(van Leeuwen 2007), consistent with the direction of deviation
in the observations, this would have resulted in an offset that
is smaller than the displacement obtained from the fitting. This
displacement is likely caused by the absolute pointing precision
of ALMA of around 10% of the beam since a 1.5′′ beam makes
an offset of 0.15′′ not very significant.

Figure 6 presents the residuals from the individual Gaussian
model results of OB1 (left) and OB2 (right) and UV tapering of
OB2 (middle). We have also overlaid the contours of the con-
tinuum images for comparison with the residual positions. In all
panels, the residuals are consistent with the residual of the com-
bined image, showing two clumps on the ring and another clump
in the northeast direction near the star, matching the contours in
the individual continuum images. Although there are still some
differences in the image residuals of different observation blocks,
most of the lower-level residuals can be attributed to noise. How-
ever, the significant difference between the negative residual in
the NE (-2σ) and the positive residual in the SW (2σ) of both
OB2 and the UV tapering suggests significant brightness asym-
metry distribution in OB2. There is also the presence of more
than one clump on the minor axis of the disc near the star in OB2.
Considering the projection of the disc, these residuals could be
the noise or clump rather than the extension of the inner compo-
nent.

4. Discussion

4.1. Comparison with Herschel

To further refine the characterisation of the HD105211 debris
disc, we compared the structure and geometry of our ALMA
best-fit model with previous imaging studies at shorter wave-
lengths. Hengst et al. (2017) deconvolved the star and the disc
emission to obtain resolved images in the Herschel/PACS 70,
100, and 160 µm bands. These images revealed extended emis-
sion from a disc with a width of 100 ± 20 au starting at an inner
edge of 87 ± 2.5 au. The disc had an inclination of 71 ± 2◦and a
position angle of 30 ± 1◦. In contrast, our ALMA best-fit model
for the disc is a narrow ring with a width of 24.6 ± 4.6 au lo-
cated at 133.7 ± 1.6 au and with an inclination of 67 ± 0.7◦, and
its position angle is 28.3 ± 0.7◦.

We also compared the radial profiles between ALMA and
the Herschel 70 µm original image in Fig. 7. The blue dashed
line represents the radial profile of our best-fit parametric model
convolved with the ALMA synthesised beam, while the red line
represents the radial profile of the model convolved with the Her-
schel 70 µm beam. The radial profile of the Herschel 70 µm
observed image in the figure shows emissions higher near the
stellar position than the model, which may arise from the warm
component not included in the model and the stellar emission
varying at different wavelengths. However, emissions near the
inner edge of the ring are still significantly high, indicating a
more extended inner edge of the disc in the Herschel image. Sim-
ilarly, the observed profile exhibits more extended emissions at
the outer edge, suggesting a broader outer edge of the ring in the
Herschel observation. Their model, combined with SED, yielded
a disc width of 100 au, which was also significantly wider than
the results from ALMA observations.

The Herschel observations presented a closer inner edge and
a further outer edge, suggesting that there might be a different
radial distribution of dust between the infrared and millimetre
wavelengths for the reason that they trace grains of different sizes
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Table 3. Best-fitting parameters of each observation.

Combination 2017 Mar. 28 2018 May 9
Parameter Description Gaussian Eccentric Gaussian Eccentric Gaussian Eccentric
x0(′′) R.A. offset 0.021 ± 0.032 0.030 ± 0.034 0.049 ± 0.062 0.059 ± 0.070 0.009 ± 0.038 0.036 ± 0.041
y0(′′) Dec. offset 0.052 ± 0.031 0.061 ± 0.035 0.153 ± 0.082 0.184 ± 0.099 0.006 ± 0.040 0.054 ± 0.042
r0(au) disc central radius 133.7 ± 1.6 133.3 ± 1.4 134.3 ± 2.6 134.5 ± 2.6 132.9 ± 1.6 132.5 ± 1.6
σr(au) Radial standard deviation 10.0 ± 2.1 10.2 ± 2.2 9.3 ± 4.3 9.3 ± 4.7 10.0 ± 2.0 10.0 ± 2.0
σh Vertical aspect ratio 0.07 ± 0.02 0.07 ± 0.01 0.06 ± 0.03 0.06 ± 0.03 0.08 ± 0.02 0.08 ± 0.02
F(mJy) Flux of disc 2.34 ± 0.13 2.32 ± 0.13 2.35 ± 0.21 2.36 ± 0.21 2.40 ± 0.16 2.41 ± 0.16
Fc(µJy) Flux at stellar position 183 ± 14 183 ± 15 198 ± 30 200 ± 31 184 ± 16 184 ± 16
PA(◦) disc position angle 28.3 ± 0.7 28.3 ± 0.7 27.9 ± 1.0 28.0 ± 1.1 28.5 ± 0.8 28.2 ± 0.8
i(◦) disc inclination 67.0 ± 0.7 66.9 ± 0.7 65.8 ± 1.1 65.9 ± 1.1 67.9 ± 0.8 67.8 ± 0.8
e disc eccentricity - 0.014 ± 0.007 - 0.004 ± 0.010 - 0.028 ± 0.011
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Fig. 6. Residual maps using the same contour levels ([−2, 2, 4, 6] × σrms, left: σrms = 27µJy beam−1, middle: σrms = 22µJy beam−1, right:
σrms = 15µJy beam−1) and beam sizes (left: 2.24′′ × 1.84′′, middle: 2.28′′ × 1.89′′, right: 1.43′′ × 1.12′′) as Fig. 3. We added contours of the
continuum image (white) to compare the residual positions.
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Fig. 7. Surface brightness profile of the disc along the major axes in
the ALMA and original Herschel 70 µm images. The shaded regions
correspond to the 1 σ uncertainties. The blue dashed line represents
the radial profile of our best-fit parametric model convolved with the
ALMA synthesised beam, while the red line represents the radial profile
of the model convolved with the Herschel 70 µm beam. The black line
corresponds to the Herschel 70 µm beam size, and the black dashed line
denotes the ALMA beam size.

(see. Fig 5 of Wyatt & Dent 2002). Larger grains are primar-
ily influenced by gravity, making millimetre observations suit-
able for tracing the planetesimal belt where dust is generated. In
contrast, smaller grains are affected by non-gravitational forces,
especially stellar radiation pressure and P-R drag. These forces
can extend the dust distribution from the planetesimal belt, cre-
ating an extended structure visible at shorter wavelengths. Con-
sequently, the broad structure of the Herschel observations sees
smaller grains whose distribution is modified by radiation forces,
and the new ALMA results provide a more accurate description
of the underlying planetesimal belt structure.

Hengst et al. (2017) also showed an asymmetry between the
two sides of the disc after deconvolution, interpreted as ansae ly-
ing at different radii, from which they inferred a disc eccentricity
of 0.20 ± 0.03. However, their analysis also led to the conclu-
sion that the structure and emission shown in the Herschel im-
ages could be effectively modelled with an axisymmetric annu-
lus. There is also asymmetry in the ALMA images, as described
in Fig. 2, which illustrated the offset of brightness peaks in OB1
and variations in intensity in OB2. The offset of brightness peaks
may be attributed to the offset of the star to the phase centre, and
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the significant (4σ) variations in intensity may be caused by a
transient collision event or noise that needs further observations.
Our best-fitting model indicates a disc eccentricity below 0.03,
suggesting that the disc does not exhibit asymmetry caused by
eccentricity.

4.2. Collisional status of the disc

The new high-resolution ALMA map reveals the structure of
the debris disc around HD105211, and it allowed us to inves-
tigate the detailed characteristics of the disc with these geo-
metrical parameters. As larger bodies in the debris disc are de-
stroyed, they give rise to the formation of the smallest dust
grains. These small particles are then blown out from the disc by
radiation pressure, leading to a gradual loss of mass over time.
As a result, older debris discs exhibit reduced luminosities and
become more challenging to be detected compared to younger
discs. By assuming a steady-state collisional cascade model, we
could estimate the mass-loss rate of the smallest grains using a
simple equation provided by Matrà et al. (2017) and given as
ṀDmin = 1.2 × 103R1.5 △ R−1 f 2L⋆M−0.5

⋆ , where R is in astronom-
ical units, L is in L⊙, and M is in M⊙.

Using the best-fitting parameters and fractional luminosity
obtained in Sect. 3, we could derive a minimum grain size mass-
loss rate of ṀDmin = 1.7 × 10−3 M⊕ Myr−1 for the disc. This
relatively low mass-loss rate of small dust particles implies a
commensurately low mass of such particles within the disc. De-
spite the considerable age of HD105211, estimated to be from
1.34 Gyr to 1.92 Gyr, the cumulative loss of mass remains
limited, ranging from 2.2 M⊕ to 3.2 M⊕. However, it is cru-
cial to acknowledge that the mass-loss rate is not a static con-
stant throughout the evolution of the debris disc. The equation
ṀDmin ∝ f 2 within the framework emphasises the pronounced
impact of fractional luminosity on the mass-loss rate, with the
low fractional luminosity of HD105211 emerging as the primary
contributing factor to the inferred low mass-loss rate.

Assuming a millimetre dust opacity of κ = 2.3 cm2 g−1, the
mass of millimetre-sized dust can be calculated using equation
(5) of Wyatt (2008) and the best-fitting flux. The calculated mass
of millimetre-sized dust in the debris disc is 1.1 × 10−2 M⊕. The
dust mass obtained in the model results by Hengst et al. (2017)
is 2.45 × 10−2M⊕, slightly greater than our results. Their model
combining the SED may be affected by warm components, such
as the need for a greater mass and broader spatial distribution of
dust in the model when dust is distributed over a more distant
region. However, the estimation of dust mass is strongly depen-
dent on the assumption about the opacity, which is influenced
by differences in properties such as dust composition. Varying
assumptions can also result in differences in estimating the dust
mass.

Moreover, we determined the actual radius of the debris
disc around HD105211, obtained from Sect. 3.1 and 3.2, to be
133.7 ± 1.6 au, while we calculated the blackbody radius to be
110 ± 5 au. We found the ratio of the actual radius to the black-
body radius, denoted as Γ, to be 1.2±0.2, significantly lower than
the expected value of 2.8 ± 0.1 according to the model proposed
by (Pawellek & Krivov 2015). This discrepancy suggests that
the emission spectrum in the HD105211 debris disc is primarily
governed by large particles, indicating a relatively lower abun-
dance of smaller particles. For a narrow ring-like planetesimal
belt, small grains are destroyed much more efficiently than they
are created for a low excitation, leading to a depletion of this
population (Thébault & Wu 2008), which could be confirmed
in the scattered light observations. Remarkably, no observations

of scattered light have been conducted for HD105211 thus far,
which limits our ability to determine the level of small dust parti-
cles through scattered light imaging. This aspect warrants further
investigation in future studies.

4.3. Warm inner dust component

All the ALMA images including the individual images of OB1,
OB2, and the combined image exhibit excess emissions at the
stellar location higher than expected from the star at greater than
3σ. This is consistent with the emission expected from the warm
component, at least if that emission falls off like a blackbody
(and not steeper than that). For the warm components observed
for the first time in ALMA imaging, we placed some constraints
on their origin and properties based on the results obtained pre-
viously.

Drawing from the findings of Kennedy & Wyatt (2013), we
considered two potential processes for this dust component. The
first process involves an in situ planetesimal belt that is analo-
gous to the solar system’s asteroid belt. Within this belt, plan-
etesimals may have remained in their original positions during
the disc evolution (Wyatt et al. 2007; Wyatt 2008). These plan-
etesimals could have then undergone collisional cascades, ulti-
mately producing the observed excess dust emission. The second
process is comet delivery. In this case, planetesimals from more
distant regions, analogous to the Kuiper Belt of the solar system,
could have been transported to the inner region through interac-
tions with planets (Bonsor et al. 2012; Bonsor & Wyatt 2012).
This material could have then replenished the dust component,
resulting in the observed excess radiation.

Regarding in situ evolution, the disc would resemble a fairly
normal warm asteroid belt analogue. We can compare the max-
imum fractional luminosity of steady-state collisional evolution
at the blackbody radius to constrain the disc. Using equation (20)
in Wyatt et al. (2007) and assuming the warm component black-
body radius Rbb = 7 ± 1 au (see Sect. 3.1) yields the maximum
fractional luminosity of (2.4 ± 1.3) × 10−6. This is lower than
the observed fractional luminosity of (9 ± 1) × 10−6, which sug-
gests the belt should be farther out, closer to 13± 2au to have re-
tained such a high fractional luminosity to the current age. This
is consistent with the true radius of the disc being larger than
its blackbody radius because small dust is always hotter than a
blackbody(Pawellek & Krivov 2015). We note, however, that this
introduces a tension with the blackbody spectrum inferred from
the SED since to fit the dust temperature at this greater distance
suggests the presence of small grains, and these would emit inef-
ficiently at longer wavelengths. This could indicate that the disc
is broad, but this cannot yet be concluded given the current con-
straints. For the narrow belt to be at this radius, it would either
require the particles to be very small, which is incompatible with
a pure blackbody spectrum, or for the belt to be very broad, with
the observed millimetre radiation coming from its outer edges.

Considering an alternative scenario, for a quasi-steady-state
collisional cascade at a single temperature, Gáspár et al. (2012)
showed a size distribution index of 3.65 and a spectral index
of 2.65 in the Rayleigh-Jeans tail of the SED. This is inconsis-
tent with our SED fitting results, where the warm component
emission is well fitted by a nearly pure blackbody. In contrast,
some debris discs do seem to have pure blackbody emission,
such as CP−72 2713, AU Mic (Moór et al. 2020; Matthews et al.
2015). As Matthews et al. (2015) concluded, the disc of AU Mic
may have a grain size distribution inconsistent with that expected
from a quasi-steady-state collisional cascade. Since comets are
the dominant source of the zodiacal cloud in our Solar System

Article number, page 8 of 12



Yang et al.: First ALMA observations of HD 105211

(Rigley & Wyatt 2022; Nesvorný et al. 2010), comet fragmen-
tation may also be the source of the inner clumps we observed.
The radially extended nature perhaps can explain why the warm
component radiation appears to be a pure blackbody spectrum,
suggesting that comet-like delivery is a possible source of dust.
This dust from comet delivery may provide a grain size distribu-
tion different from the steady-state collisional cascade.

5. Conclusions

In this paper, we have presented high-resolution observations of
the HD 105211 debris disc at ALMA 1.3 mm for the first time.
The resulting images offer clear insights into both the central star
and the debris disc. Our analysis determined the disc inclination
to be 67.0± 0.7◦, with a position angle of 28.3± 0.7◦, consistent
with previous observations. Through the application of the fit-
ting procedures to model the radial and vertical structure of the
disc, we derived a narrow ring with a centre-to-star distance of
133.7 ± 1.6 au and a width of 23.6 ± 4.6 au. The ratio of the true
disc radius to the blackbody radius is 1.2 ± 0.2, lower than the
expectation of 2.8 ± 0.1 for a disc around a star of this luminos-
ity, indicating that the disc is primarily composed of larger dust
grains, with a limited presence of smaller particles.

The structure distribution in the ALMA images displays a
narrow ring, different to the broad structure of Herschel images,
which indicates the distribution of the smaller grains is modified
by radiation forces. The brightness distribution in the ALMA im-
ages displays a potential asymmetry, with the various locations
and intensity of brightness peak. However, our fitting of the ec-
centric disc model resulted in an eccentricity e ≤ 0.03, suggest-
ing that the debris disc does not exhibit significant eccentricity.
The different brightness distributions between the two observa-
tion blocks suggest the presence of potential transient collision
events during the interval between these two observations or that
the noise level in OB2 is particularly high at the ends of the pro-
jected major axis (-2σ and 2σ, respectively).

By comparing our results to those from observations at dif-
ferent time points and examining the SED, we have detected
warm dust surrounding the central star at a wavelength of 1.3
mm for the first time. We have also discussed the potential
sources and characteristics of this warm dust component. The
spectral index of the warm component is approximately two, in-
dicating the spectrum is close to a pure blackbody. This differs
from the expectation of a quasi-steady-state collisional cascade.
Comparing the fractional luminosity of the warm component
with the steady-state collisional cascade model shows that the
warm component should be placed at 13 au. Considering the dis-
tribution of dust, we posit that this warm dust likely originates
from both the in situ broad disc and comet delivery, hinting at
the potential presence of planets formed through comet interac-
tions. These possibilities could be tested with upcoming JWST
observations (PI: Matrà Luca, Proposal ID: 5650). This discov-
ery holds significant implications for our understanding of the
origin and evolution of extrasolar warm dust and the formation
of Earth-like planets.
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Appendix A: Posterior probability distributions of disc parameters

Figure A.1 displays the posterior probability distributions of the disc parameters for the Gaussian model, while Fig. A.2 presents
those for the eccentric model. The distributions show that the parameters are well constrained and show little degeneracy.

Fig. A.1. Corner plot showing the posterior probability distributions for the emcee runs used to identify the maximum amplitude probability model
and calculate the uncertainties. The posteriors are mono-modal and well behaved except for the inclination, which runs up against the edge of the
allowed parameter space (90◦).
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Fig. A.2. Corner plot showing the posterior probability distributions for the emcee runs used to identify the maximum amplitude probability model
and calculate the uncertainties. The posteriors are mono-modal and well behaved except for the inclination, which runs up against the edge of the
allowed parameter space (90◦).
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