
MNRAS 545, 1–13 (2026) https://doi.org/10.1093/mnras/staf2150 
Advance Access publication 2025 December 03 

HD 44892: the youngest (or oldest?) gas-harbouring debris disc around an 

intermediate-mass star 
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A B S T R A C T 

We present the first detections of gas around a 2.1 Myr old debris disc-bearing intermediate-mass star, HD 44892. Gas is detected 

both in 12 CO (2 −1) emission through ALMA (Atacama Large Millimeter/submillimeter Array) Band 6 observations and in 

absorption in Ca II K and H, seen with high-resolution UVES (Ultraviolet and Visual Echelle Spectrograph) spectroscopy. 13 CO 

and C18 O (2 −1) are not detected. The star exhibits a 12μm fractional excess of 7 . 86+ 0 . 11 
−2 . 27 , placing it in the transition stage 

between protoplanetary and debris discs. Our detection of 1.3 mm emission yields the dust mass of 0.019 ± 0.009 M⊕ assuming 

115 K temperature. The 13 CO non-detection places an upper limit on CO gas mass of ∼ 10−2 M⊕. The 12 CO detection yields 
a CO gas mass of (7.86 ± 2.05) × 10−5 or (1.62 ± 0.17) × 10−4 M⊕ assuming a gas temperature of 20 or 50 K, respectively. 
These should be considered as lower limits since 12 CO emission may be optically thick. With UVES, we find variability in Ca II 
K and H lines, which can be interpreted by transiting circumstellar gas, ruling out interstellar absorption as their origin. Both 

the dust mass, which is within an order of magnitude of HD 141569, and the gas mass derived here indicate a late gas dispersal 
stage of the protoplanetary disc. Through our analysis, we deem the alternative age of 800 Myr unlikely. 

Key words: exoplanets – planets and satellites: formation – protoplanetary discs – circumstellar matter – stars: pre-main- 
sequence – submillimetre: planetary systems. 

1

W
l
s  

2  

2  

e
t  

m
l
p
c
G  

s
r
2
e  

s

�

e  

c  

 

d
t
t  

f  

o  

(  

c  

f  

P  

M  

H  

m
w  

I  

o  

S  

©
P
C
p

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/545/3/staf2150/8363672 by guest on 30 January 2026
 I N T RO D U C T I O N  

hile the dust content of debris discs has been extensively studied, 
ess is known about the presence of gas. Numerous papers have 
earched for and examined this gas presence (e.g. S. Marino et al.
016 ; A. Moór et al. 2017 ; D. Iglesias et al. 2018 ; A. Moór et al.
019 ; A. S. Hales et al. 2022 ; I. Rebollido et al. 2022 ; G. Cataldi
t al. 2023 ); however, many questions remain unanswered. Perhaps 
he biggest question of all is: where does this gas come from? Two

ain scenarios have been proposed. This gas is either primordial, 
eftover from the parent protoplanetary disc (PPD), or secondary, 
roduced alongside dust, through processes such as planetesimal 
ollisions, volatile sublimation, and photodesorption (A. M. Hughes, 
. Duchˆ ene & B. C. Matthews 2018 ). Recent findings regarding the

hielding effects in discs suggest that CO gas may accumulate in 
elatively high amounts from secondary means alone (Q. Kral et al. 
019 ). None the less, the primordial origin has not yet been disproved, 
specially as the effects of gas mixing complicate the case for the
econdary gas scenario, making shielding less efficient (S. Marino 
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t al. 2022 ), and models of R. Nakatani et al. ( 2021 ) suggest that, in
ase of A-type stars, the gas can survive as a protoplanetary remnant.

As of 2025 August, 45 debris discs containing gas have been
iscovered either through gas emission or absorption. Over 20 of 
hem have been observed with ALMA (Atacama Large Millime- 
er/submillimeter Array) to search for CO and other gas emission, a
ull list of which can be found in Table A1 . Interestingly, the majority
f all gas detections in debris discs have been around A-type stars
see Fig. 1 ). For most of these systems, secondary origin models
an readily explain the observed low CO gas masses. However, a
ew systems, such as 49 Cet (45 Myr, A. Moór et al. 2019 ; T. D.
earce et al. 2022 ), HD 21997 (42 Myr, Á. Kóspál et al. 2013 ; A.
oór et al. 2013 ), HD 141569 (5 Myr, J. M. Miley et al. 2018 ), and
D 32297 ( < 30 Myr, A. Moór et al. 2019 ), which are intermediate-
ass stars (IMSs), exhibit significantly higher CO gas masses, 
hich the current secondary models are not able to fully explain.

n these cases, the origin of the gas is proposed to be primordial
r a mixture of primordial and secondary (G. Cataldi et al. 2023 ).
econdary origin is most certain around older systems, such as the
40 Myr Fomalhaut (L. Matrà et al. 2017a ) or the 1–2 Gyr η Crv
S. Marino et al. 2017 ), where primordial gas cannot survive over
uch long time-scales. β Pic, despite its younger age of ∼20 Myr,
is is an Open Access article distributed under the terms of the Creative
h permits unrestricted reuse, distribution, and reproduction in any medium,
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Figure 1. Histogram of all gas detections in debris discs through either 
emission or absorption, divided into bins of stellar type. For a full list of 
objects with gas emission, see Table A1 . Objects with gas absorption used 
in this figure were adopted from D. Iglesias ( 2020 , table 1.1), based on data 
from C. H. Chen & M. Jura ( 2003 ), A. M. Lagrange-Henri et al. ( 1990 ), 
H. A. Abt & K. I. Moyd ( 1973 ), B. Y. Welsh & S. Montgomery ( 2013 ), P. 
Koubsky et al. ( 1993 ), D. Iglesias et al. ( 2018 ), D. P. Iglesias et al. ( 2019 ), B. 
Y. Welsh et al. ( 1998 ), B. Y. Welsh & S. L. Montgomery ( 2015 , 2018 ), and 
S. L. Montgomery & B. Y. Welsh ( 2012 ). 
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s another example of a system with secondary gas, in which gas
roduced in planetesimal collisions and the destruction of volatile
odies has been observed (W. R. F. Dent et al. 2014 ; L. Matrà et al.
017b ). 
The primordial origin has been suggested for discs where the gas

s present in substantial amounts – quantities that are not yet fully
xplainable by models of secondary origin – and where the parent star
s very young (primordial gas is possible in systems < 50 Myr-old in
odels of R. Nakatani et al. 2021 ), hence the gas might not have yet

een fully cleared from the system (G. V. Smirnov-Pinchukov et al.
022 ). Such is the case for HD 141569 (J. M. Miley et al. 2018 ),
 5 Myr star harbouring a ‘hybrid’ disc, name used for gas-bearing
iscs with PPD levels of likely primordial gas, but debris-disc levels
f secondary dust. These discs are similar to dusty debris discs but
NRAS 545, 1–13 (2026)

igure 2. Left: evolution of dust mass in debris discs, originally presented in M
ncluding those with gas discovered since. HD 44892 is marked with the two differ
n unexpectedly high dust mass compared to other, older debris discs. Continuum 

. C. Wyatt ( 2004 ); G. Sandell, D. A. Weintraub & M. Hamidouche ( 2011 ); O. Pa
earce et al. ( 2022 ); and L. M. Stapper et al. ( 2022 ), excluding systems with highly
t al. ( 2007 ). Dust temperature of 50 K is assumed for debris discs, and 25 K for PP
S. V. W. Beckwith et al. 1990 ), where ν is the frequency of observations [Hz]. Righ
riginally presented in M. C. Wyatt et al. ( 2015 , in purple, where open circles are u
ebris discs (in black). HD 44892 is again marked with the two possible ages, with
tage between PPD and debris discs, where hybrid discs are expected to reside. 
etain some primordial gas from the earlier evolutionary stage, hence
re hybrid between PPD and debris discs (J. Péricaud et al. 2017 ). The
issipation of primordial gas is still ongoing in these systems, placing
hem just at the end of PPD dispersal. In the case of HD 141569, the
ust is of secondary origin or mixed, with a relatively low dust mass
nd infrared (IR) excess for a PPD but high for a debris disc (Fig. 2 ),
hile the gas is suspected to be primordial and at a mass comparable

o the least-massive PPDs. HD 141569 is thus the only known gas-
arbouring debris disc found around a pre-main-sequence (pre-MS)
MS with a measured CO mass to date. 

 H D  4 4 8 9 2  

n this paper, we present ALMA observations of HD 44892 (also
nown as HIP 30414), an A9/F0IV type star (SIMBAD astronomical
atabase - Set of Identifications, Measurements, and Bibliography
or Astronomical Data, M. Wenger et al. 2000 ) located 191 ± 1 pc
way (Gaia Collaboration 2016 , 2023 ). HD 44892 has a temperature
f 7500 ± 500K, a luminosity of 60.0 ± 20.0 L�, stellar mass of
.87 + 0 . 67 

−0 . 41 M�, and an age of 2.1 + 1 . 2 
−1 . 0 Myr (D. P. Iglesias et al.

023 ). The pre-MS star HD 44892 has undergone the transition from
onvective to radiative structure at ∼1 Myr. G. A. Gontcharov ( 2006 )
ave calculated the radial velocity of the star to be 20.9 ± 0.6 km s−1 ,
hich is the value adopted in this study. A more recent estimate yields
 value of 20.88 ± 1.85 km s−1 (D. Iglesias, private communication),
hich is consistent with previous findings. There are no mentions in

he literature suggesting HD 44892 is part of a binary or multiple star
ystem; it is also a field star (J. Gagné et al. 2018 ). 

D. Ishihara et al. ( 2017 ) identified it as a warm debris disc
andidate based on its IR excess at 18μm found through spectral
nergy distribution (SED) fitting, and it was first identified as a
ybrid disc candidate in D. P. Iglesias et al. ( 2023 ). HD 44892 has
 fractional IR excess at 12μm of 7.86 + 0 . 11 

−2 . 27 (D. P. Iglesias et al.
023 ), placing it between debris disc (3 < F12μm 

/Fstar ) and PPD
 F12μm 

/Fstar > 25) (M. C. Wyatt et al. 2015 ; D. P. Iglesias et al.
023 ), where also a number of gas-bearing debris discs have been
ound (Fig. 2 , right). 
. C. Wyatt et al. ( 2015 ). We have added more dust masses of debris discs, 
ent possible ages: 2.1 and 800 Myr. At the older age, HD 44892 would have 
fluxes used to create this plot were adopted from I. Sheret, W. R. F. Dent & 

nić et al. ( 2013 ); J. Lieman-Sifry et al. ( 2016 ); A. Moór et al. ( 2017 ); T. D. 
 uncertain age estimates. The age of the HR 4796 was taken from J. H. Rhee 
Ds, with a dust opacity assumed as κ = 0 . 1 × 2 . 3 × ( ν

230 ×109 )
0 . 7 [cm2 g−1 ] 

t: IR excess measured at 12μm plotted as a function of age of the system, as 
pper limits), with additional data from A. Moór et al. ( 2017 ) of gas-bearing 
 the older age making it an outlier in the trend. The shaded region marks the 

63672 by guest on 30 January 2026
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Figure 3. Continuum emission of HD 44892, marked in contours of ( ± 2, 3, 
4, 5, 6, 7) × σ , where σ = 0 . 016 mJy beam−1 . Position of HD 44892 marked 
as a white cross. 

Figure 4. Amplitude versus UVdist plot of continuum of HD 44892. While 
the shorter UV-distance baselines can be fit with a straight line (dashed 
grey), hence are unresolved, the longest UV-baselines cannot, hence are not 
unresolved and deviate from a point-like source. The few points shown here 
correspond to the full continuum data set that has been averaged in time, 
channels, and binned by UVdist for clarity. 
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There is a disagreement in the literature regarding the stellar 
arameters of HD 44892, particularly about its age. Its location on 
he Hertzsprung–Russell (HR) diagram can be fit by either pre- or
ost-MS tracks. Past studies, such as J. Zorec & F. Royer ( 2012 ) and
. J. Bochanski et al. ( 2018 ), have classified it as a post-MS object
 ∼570–580 Myr with a mass of 2.50–2.60 M�). D. P. Iglesias et al.
 2023 ) present the fit to the pre-MS tracks yielding the 2.1 Myr and
n alternative fit to the post-MS tracks with 800 Myr, with a mass of
.29 M�. They conclude that the possibility of the older age is less
ikely. In this paper, we adopt the pre-MS age of 2.1 Myr and present
rguments against the alternative age of 800 Myr in later sections. 

 ALM A  

.1 ALMA observations and data reduction 

D 44892 was observed using the ALMA 12 m array on 2023
anuary 15 (PI: Panić, ID 2022.1.01686.S). Observations were taken 
cross four spectral windows (SPWs) in Band 6, searching for 
oth continuum and gas emission. The target was observed for 
 total of 34 min and 25 s using 46 operational antennas, with
inimum and maximum baselines of 15.3 and 783.5 m, respectively. 

0423 −0120 was used as the flux calibrator and J0609 −1542 as the
hase calibrator. 
Band 6 transitions of CO were observed, including the 2–1 

ransitions of 12 CO in an SPW of 1920 channels of width 244.141 kHz 
nd a central frequency of 230 517 MHz, resulting in a resolution
f 0.32 km s−1 . 13 CO and C 

18 O SPW has 1920 channels of width 
76.562 kHz and a central frequency of 219 980 MHz, which gives
 spectral resolution of 1.33 km s−1 . The remaining two SPWs, of
entral frequencies 216 980 and 232 979 MHz, were dedicated to 
ontinuum emission. Each of these windows contains 128 channels 
f width 15 625 kHz. 
We processed all of the data using CASA 6.5.4–9 (J. P. McMullin

t al. 2007 ) and CARTA 4.0.0 (A. Comrie et al. 2021 ). Continuum
mission of HD 44892 was imaged using the task ‘ tclean ’ with Briggs
eighting and a robust parameter set to 0.3, which we found to
rovide the highest signal-to-noise ratio and source emission over 
he range of −2 to 2 explored. Our target’s emission fits entirely in
he region where primary beam is maximum, hence no primary beam 

orrection was applied. No self-calibration was applied to the data 
s the source is too weak in continuum to provide reliable phase or
mplitude solutions. 

For line data, we used the CASA task ‘uvcontsub’ to subtract the
ontinuum from the line emission data. Using the ‘plotms’ task 
amplitude versus channel), we identified SPWs and frequencies at 
hich line emission was potentially present. We imaged both SPWs 
sing the ‘tclean’ task with Briggs weighting and a robust parameter 
et to 0.3, which produced the highest signal-to-noise ratio for the 
2 CO detection. We did not detect any emission in the individual 
hannels of the SPW containing 13 CO and C18 O. 

.2 ALMA results 

.2.1 Continuum 

or continuum of HD 44892 our data reduction resulted in a syn-
hesized beam size of 0.44 arcsec (84 au) × 0.38 arcsec (72 au) at a
osition angle (PA) of −70 . 7◦. We detected continuum emission
f 0.136 ± 0.016 mJy ( ∼9 σ ), shown in Fig. 3 . The continuum flux
as measured only from inside the 3 σ contour. Using task ‘imfit’,
hich is part of the CASA package, we found that the continuum
mission of HD 44892 is marginally resolved, as the fitted Gaussian
omponent has an FWHM (full width at half maximum) of major
xis of 0.58 arcsec ± 0.08 arcsec, 110 au, which extends beyond that
f the beam (0.43 arcsec, 82 au, measured in the same direction). The
rop in amplitude at longest UV distances (Fig. 4 ), confirms that the
ost extended emission from the source is being resolved. 
The continuum emission appears to be offset from the position of

D 44892 (see Fig. 3 ). To determine the underlying cause of this
pparent offset, we calculated the astrometric accuracy of ALMA 

1 

sing equation ( 1 ): 

pos = θFWHM 

0 . 9 × SNR 

(1) 

here θFWHM 

is the FWHM of the synthesized beam, and SNR is
he signal-to-noise ratio of the peak target flux. For our data, we
MNRAS 545, 1–13 (2026)
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Figure 5. Radial velocity spectrum of 12 CO emission with peak positions 
marked. The x -axis has been corrected for the star’s radial velocity in the LSR 

frame of ∼1.5 km s−1 . 

Figure 6. Integrated 12 CO 2–1 line intensity of HD 44892 with contours of 
(2, 3, 4, 5, 6, 7, 8) × σ , where σ = 11 . 01 mJy beam−1 km s−1 . Position of 
HD 44892 marked as a cross. Contours are integrated intensity (moment 0), 
while colour scale is from intensity-weighted coordinate (moment 1), only 
shown for > 2 σ emission from the source. 

f  

f  

σ  

a

3

F  

(  

s  

p  

a  

a  

a  

s  

∼
 

t  

i  

w  

t  

i  

w  

r  

i  

n
 

r  

d  

t  

d  

G  

0  

T  

t  

s  

a  

t  

c  

t  

r  

m  

1
 

l  

d  

M  

m  

9  

w  

f  

(
 

p  

a  

p  

e  

b  

v  

v  

d
 

o  

g  

w  

i  

s  

s  

s

4

4

W  

(  

a  

2  

2 https://github.com/richteague/keplerian mask

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/545/3/staf2150/8363672 by guest on 30 January 2026
ound σpos = 45 mas. The apparent offset of the continuum emission
rom the stellar position is 34 mas, which is less than the calculated
pos , suggesting that it is most likely due to the limited astrometric
ccuracy rather than physical displacement. 

.2.2 Gas 

or 12 CO emission, the resulting synthesized beam size is 0.46 arcsec
88 au) × 0.40 arcsec (76 au), at a PA of −80.6◦. Fig. 5 shows the
pectrum of the detected gas emission, which has the typical double-
eaked profile associated with gas rotating in a Keplerian disc. Fitting
 double-peaked Gaussian curve to this spectrum reveals a mid-point
t v = ∼0 km s−1 . The first peak is at −5.45 km s−1 and the second
t 6.75 km s−1 . This x -axis of this plot has been corrected for the
tar’s radial velocity in the LSR (local standard of rest) frame of
1 . 5 km s−1 . 
From moment 0 (Fig. 6 , integrated intensity made using the CASA

ask ‘immoments’ within range −8.49 to 15.33 km s−1 ) we found an
NRAS 545, 1–13 (2026)
ntegrated line flux of 96.92 ±16.22 mJy km s−1 ( ∼6.0 σ ). Therefore,
e decided to re-image the data, this time binning three channels

ogether during tclean (nchan = 3). This reduced the noise in our
mage and made the emission more prominent. The moment 0 map
as made using the same velocity range as in the non-binned case,

esulting in a slightly lower noise of 14.10 mJy km s−1 , and the
ntegrated line flux of 93.06 mJy km s−1 , improving the signal-to-
oise ratio (6.6 σ ). 
We then also used the Keplerian Mask tool, 2 which produces a

otating mask based on the system’s parameters that a Keplerian
isc should follow. To search the parameter space to be used in
he tool, we are guided by the aspect ratio of the deconvolved
isc size. We used the ‘imfit’ task and obtained the deconvolved
aussian parameters: 0.34 arcsec ± 0.10 arcsec for the major axis and
.19 arcsec ± 0.08 arcsec for the minor axis (PA of 76.2 ± 63.4◦).
his suggests an inclination of 56.1 ± 19.9◦. We therefore varied

he inclination from 36◦ to 76◦ in the Keplerian Mask tool. The
tellar mass range was adopted from D. P. Iglesias et al. ( 2023 )
s 2.87 + 0 . 67 

−0 . 41 M� and Keplerian rotation computed accordingly in
he tool. Using these values as initial constraints, we explored
ombinations of the parameters (within their uncertainty ranges)
o best match the 12 CO emission of HD 44892. The parameters that
esulted in the best fit were an inclination of 40◦, PA of 17.2◦, stellar
ass of 3.27 M�, and an outer radius of 0.4 arcsec (76 au). The

2 CO emission follows this rotation, indicating that the emission
ines up with theoretical positions and confirming it is from a
isc rotating around the parent star (Fig. 7 ). Using the Keplerian
ask during cleaning has improved the signal-to-noise ratio once
ore, in moment 0 this resulted in an integrated line flux ( F21 ) of

5.47 ± 13.49 mJy km s−1 (7.1 σ , Fig. 6 ). Here, we used channels
here gas emission was most prominent, corresponding to the

requency range of 230.5262 GHz (15.33 km s−1 ) to 230.5445 GHz
-8.49 km s−1 ). 

Knowing the channels (velocities) at which 12 CO emission is
resent, we created a moment 0 map for the SPW containing 13 CO
nd C18 O. The emission from these isotopes would allow for a more
recise CO gas mass calculation, as they are likely optically thin,
nsuring the 12 CO emission traces molecular density, rather than
eing convoluted with temperature effects. Since no emission was
isible in the individual channels of this SPW, we used the same
elocity range as for 12 CO. However, this has resulted in a non-
etection of both 13 CO and C18 O. 
Fig. 6 shows the full extent of 12 CO gas emission (contour levels)

verlaid on the velocity distribution of the disc. The visible velocity
radient, from red- to blueshifted, indicates gas rotation. This, along
ith the disc being located around the star’s position, confirms the gas

s rotating around the star and the emission is not from a different
ource. The gas emission appears compact and follows the beam
hape, with the highest intensity near the centre, as expected for a
patially unresolved source. 

 U V E S  

.1 UVES observations and data reduction 

e obtained high-resolution observations of HD 44892 using UVES
Ultraviolet and Visual Echelle Spectrograph; H. Dekker et al. 2000 )
t the VLT (Very Large Telescope), on 2023 September 13 and
7 (PI: Iglesias, ID 112.262P.001). VLT is part of the European

https://github.com/richteague/keplerian_mask
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Figure 7. Contours of 12 CO emission of HD 44892 overlaid on top of the created Keplerian Mask. The gas emission rotates with the theoretical Keplerian 
motion around the host star. Channel contours start at 3 σ ( σ = 1 . 60 mJy beam−1 ) with the exception of middle two panels which start at 2 σ . 
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outhern Observatory and is located in Cerro Paranal in Chile. Data 
ere taken in both blue and red arms, centred at 390 and 580 nm,

espectively. We used the 0.5 arcsec for these observations to achieve 
igh resolution ( R ∼74 000 for the red arm and R ∼65 000 for the
lue arm). HD 44892 was observed each time for 1 min 48 s. Data of
ne of the comparison stars used, HIP 28877, is part of the same
bserving programme. The observations were reduced using the 
VES ESOREFLEX pipeline (P. Ballester et al. 2000 ; W. Freudling 

t al. 2013 ) version 6.4.1. 
Additional spectra from the ESO archive 3 were obtained for 

wo other comparison stars (HD 43544 and HD 46035), using high- 
esolution spectrographs HARPS (High Accuracy Radial velocity 
lanet Searcher, M. Mayor et al. 2003 ) and FEROS (Fiber-fed
xtended Range Optical Spectrograph, A. Kaufer et al. 1999 ) at 

he La Silla Observatory. These were science-ready products from 

he ESO archive and reduced with each instrument standard pipeline. 
e used MOLECFIT (W. Kausch et al. 2015 ; A. Smette et al. 2015 )

o correct for telluric contamination as the region around the Na I
oublet is highly affected by the Earth’s atmosphere. Barycentric 
adial velocity corrections were also applied to the spectra. 

.2 UVES results 

sing data from the UVES spectrograph, we also searched for gas 
bsorption towards HD 44892, particularly in the Ca II K and H,
nd Na I D1 and D2 lines. By fitting Kurucz model spectra to the
tellar spectrum of our target, we identified a narrow absorption 
eature, located at 22.5 km s−1 (36 σ , Fig. 8 ). Although this feature
oes not correlate with the radial velocity of any known gas clouds
n the line of sight and falls within the stellar radial velocity
ange of 20.88 ± 1.85 km s−1 , it is matched well by several of the
earby comparison stars. Interstellar origin of this feature is further 
upported by its strength in both of the sodium lines, which are a
trong indication of interstellar medium (ISM) gas presence. The 
etailed description of methods used and analysis of the absorption 
eatures of this and other objects will be published in Szewczyk et al.
in preparation). 

There is, however, some variability in the residual flux present in 
oth Ca II K and H lines (Fig. 8 ), which is not present in the sodium
ines. This variability does not match with any of the clouds in the
ine of sight nor the nearby comparison stars. While not at the radial
elocity of the parent star, this variability in the residual absorption 
ight be caused by secondary gas released from volatile bodies like 

n case of β Pic (W. R. F. Dent et al. 2014 ) or a gas wind-disc, like
he one found around NO Lup (J. B. Lovell et al. 2021b ), although
 http://archive.eso.org 

f  

a  

t

his cannot be confirmed with the data we currently have. Thus,
t is possible we have detected variable, circumstellar gas around 
D 44892. 
Following the methods described in J. R. Fairlamb et al. ( 2017 ),

e calculated the mass accretion rate of HD 44892 from the H α

pectrum. We found accretion rates of log Ṁacc = −7.64+ 0 . 11 
−0 . 07 and 

7.69+ 0 . 11 
−0 . 07 M� yr −1 for the two observed epochs, which are con- 

istent with those of other Herbig Ae/Be stars (C. Wichittanakom 

t al. 2020 ). This further suggests that HD 44892 is a pre-MS star,
ith an estimated age of 2.1 Myr, as accretion is characteristic of
oung stellar objects. Variability is also observed in the H α line
Szewczyk et al., in preparation), similar to that seen in the Ca II
 and H lines. Hence, the derived accretion rate may correspond to a

emporary phase of high accretion and should therefore be regarded 
s an approximate estimate. 

 ANALYSI S  A N D  DI SCUSSI ON  

.1 ALMA 

.1.1 Continuum 

he continuum emission we have detected around HD 44892 is only
arginally resolved along the major axis. Because of this, we are

nable to estimate the orbital distance to the debris disc using our
urrent data, and hence cannot determine the dust temperature, on 
hich dust mass depends. To provide a more reliable estimate of

he dust mass, we have utilized the ‘simalma’ task, which is part of
ASA package. We first created models, each containing a circular 
ust ring at various disc inclinations, located at a range of orbital
istances from the star (with disc radii extending to 20–100 au along
he major axis), which we then input into ‘simalma’. Because the
ontinuum emission is only marginally resolved, we did not consider 
he ring width as a free parameter and fixed it to 1 pixel (0.2 au),
mall enough to not influence the fit. The aim of our approach
as to determine the dust ring size that would best mimic our
bservations – effectively, the maximum radius at which the dust 
an be placed without the belt becoming resolved. The simulations 
ere carried out using the exact same observational setup as our

eal continuum observations – including observing time, precipitable 
ater vapour (pwv), frequency, antenna setup, and other parameters 
in order to accurately replicate the noise, resolution, and observed 
ux. 
We used the CASA task ‘imfit’ to compare the simulated images to

he actual data, and found that a ring located approximately 40–45 au
rom the star best reproduced the observed emission. Since the minor
xis is not resolved, we cannot give an estimate to its size. Based on
his distance, assuming the dust particles behave as blackbodies, we 
MNRAS 545, 1–13 (2026)
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Figure 8. Narrow absorption features found in the spectra of HD 44892 overlaid with features found in the spectra of nearby stars, with their distances and 
separations from HD 44892 marked. Each row represents a different absorption line: Ca II K and H, and Na I D1 and D2. The two columns show observations 
from two different epochs. Shaded regions correspond to the radial velocities of known clouds in the line of sight, while the vertical dashed line marks the radial 
velocity of HD 44892, 20.88 ± 1.85 km s−1 , and its surrounding region represents the associated uncertainty. Variability between the two epochs is observed in 
the calcium (K and H) lines, but is absent in the sodium (D1 and D2) lines, spawning a radial velocity range of −70 to 15 km s−1 . This variability may be caused 
by transiting, circumstellar gas. The pronounced narrow absorption feature at 22.5 km s−1 is most likely caused by interstellar gas, given its strength in both 
sodium lines and the close match with nearby stars’ features in calcium lines. 
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stimated the dust temperature using equation ( 2 ): 

 =
√ 

L�
16 πσT 4 

(2) 
NRAS 545, 1–13 (2026)
here R is the distance from the parent star to the debris belt, L�
s the stellar luminosity, σ is the Stefan–Boltzmann constant, and
 is the dust belt temperature. A debris belt distance of 40–45 au
orresponds to a dust temperature of ∼115 K. 
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Table 1. Upper limits to CO and total gas mass derived from 13 CO and C18 O 

non-detections, and lower limits from 12 CO emission. 

In units of M⊕: 13 CO C18 O 

12 CO 

MCO (20K) < 7.09 × 10−3 < 5.27 × 10−2 (7.86 ± 2.05) × 10−5 

MCO (50K) < 1.47 × 10−2 < 1.10 × 10−1 (1.62 ± 0.17) × 10−4 

MH2 (20K) < 5.06 < 37.67 0.06 ± 0.02 
MH2 (50K) < 10.51 < 78.30 0.12 ± 0.01 
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We calculated the minimum dust mass of HD 44892 assuming 
ptically thin, thermal emission, with equation ( 3 ): 

dust = Fν × D2 

Bν( T ) × κν

(3) 

here Fν is the source emission, D is the distance to the source, Bν ( T )
s the Planck function (dependent on dust temperature, T ), and κν is
he dust opacity, which is very uncertain. Here, we assume κ = 0 . 1 ×
 . 3 × ( ν

230 ×109 )0 . 7 [cm2 g−1 ] (S. V. W. Beckwith et al. 1990 ), where
is the frequency of observations [Hz]. This results in a minimum 

ust mass at the dust temperature of 115 K of 0.019 ± 0.009 M⊕.
his mass is highly dependent on the dust temperature, which is
ncertain given the emission is only marginally resolved along the 
ajor axis. For comparison, a lower dust temperature of 50 K would

ield a higher dust mass estimate of 0.05 ± 0.03 M⊕. 
Based on the expected lifetime of the observed dust, we can 

stimate whether it is primordial (left over from system formation) or
econdary (released in planetesimal collisions). In the absence of gas, 
he lifetime of millimetre dust would be dominated by grain–grain 
ollisions. The longest time-scale at which this amount of millimetre 
ust can be destroyed, assuming collisions with dust of the same 
ize, is if we distribute it in the entire region up to 40–45 au. In this
cenario, following T. D. Pearce et al. ( 2021 , equation 8, based on

. C. Wyatt & W. R. F. Dent 2002 ) we obtain the dust lifetime
f order 10−2 Myr, which is much smaller than the estimated age 
f HD 44892. Whilst the derived lifetime could be extended in the
resence of gas, which can damp grains and reduce their impact 
elocities, very significant damping would be required to extend the 
ifetime up the the 2 Myr star age. Hence the estimated lifetime, 
ombined with the relatively low dust mass compared to PPDs (Fig.
 ), leads us to believe that at least some of the dust is secondary in
ature. This is typical for hybrid discs, which are thought to comprise
rimordial gas and second-generation dust (e.g. Á. Kóspál et al. 2013 ; 
. Moór et al. 2013 ). 

.1.2 Gas 

o calculate the CO gas mass in this disc we follow methods
escribed in J. M. Miley et al. ( 2019 ) and L. Matrà et al. ( 2015 ).
ince our detection is in 12 CO (2 −1) only, we use equation ( 4) to
alculate the minimum CO gas mass, assuming local thermodynamic 
quilibrium: 

CO = 4 πmd2 

hν21 A21 

F21 

x2 
(4) 

here F21 is the integrated flux of gas emission, d is the distance
o the star, m is the mass of the emitting molecule (12 CO), ν21 is
he rest frequency of the transition, h is Planck ’s constant, A21 is
he appropriate Einstein coefficient, and x2 is the fraction of the 
opulation found in the upper level of the transition (in this case ‘2’),
stimated using a Boltzmann distribution. Since the gas emission is 
patially unresolved, we cannot estimate its temperature. Using the 
ux measured for 12 CO emission, for 20 K gas we obtain a minimum
O gas mass of (7.86 ± 2.05) × 10−5 or (1.62 ± 0.17) × 10−4 M⊕
ssuming warmer gas at 50 K. 

Given the young age of HD 44892 and its transitional stage 
rom a PPD to a debris disc, the primordial origin of gas cannot
e ruled out (R. Nakatani et al. 2021 ). Primordial gas is leftover
rom the protoplanetary stage, where it is dominated by the ISM-
ike abundances of molecular hydrogen (H2 ), with carbon monoxide 
CO) along other gases contributing to the total gas mass. Assuming
he disc is hybrid, we use the ISM ratio of 12 CO /H2 = 10−4 to 
stimate the total gas mass in this disc, under the assumption of
 substantial hydrogen presence in the disc. If the gas is indeed
rimordial, we estimate the H2 mass, and hence total disc gas mass,
o be 0.06 ± 0.02 M⊕ for 20 K gas and 0.12 ± 0.01 M⊕ for 50 K
as. These estimates are based on the lower limit of CO gas mass
estimated from 12 CO emission), hence the total gas mass in this disc 
ay be higher. 
From the moment 0 map made for the two non-detections, 

3 CO and C18 O, we derived upper limits to the CO gas mass. By
verlaying the 3 σ contours of 12 CO emission on this map, we 
erived the RMS within this region to be 30.28 mJy km s−1 , with
 σ = 90 . 84 mJy km s−1 , which we use as 13 CO and C18 O flux for
he purpose of gas mass calculations, since the data set is common
etween them. We adopt the ISM-like relative ratios of CO/13 CO 

nd CO/C18 O as 77 and 550, respectively (T. L. Wilson & R. Rood
994 ). Using equation ( 4 ) with adjusted values for m and x2 , we
btained the upper limits to the CO gas mass as presented in Table 1 .
owever, since in debris discs 13 CO is typically more abundant than 
18 O (see e.g. J. M. Miley et al. 2018 ), the upper limit on the CO gas
ass derived from 13 CO is more stringent. The total CO gas mass

n the debris disc of HD 44892 should hence be contained between
he lower limits from the 12 CO emission and upper limits from 13 CO 

on-detection. 

.1.3 Gas and dust emission morphology 

xamining the structure of both the continuum and 12 CO emission 
Fig. 9 ), we can see that the dust emission clearly has a different
orphology than the 12 CO emission. This direct comparison in their 
orphology is possible because of the similar signal-to-noise ratio 

f both dust and 12 CO emission. The 12 CO integrated emission is 
ot spatially resolved, therefore it follows the beam distribution. As 
entioned in Section 3.2.1 , the continuum emission is marginally 

esolved, which can be further seen in Fig. 4 . Here, the longest
V-distance baselines, at ∼800 m, deviate from a flat profile, which

ndicates the continuum emission is not unresolved, since a point- 
ike source would have a constant amplitude across all baselines. 
he extended continuum emission is only marginally resolved with 
n apparent asymmetry at a level of 4.5 σ , which may or may not
ndicate asymmetry in the dust disc. The larger extent of continuum
mission with respect to CO emission is atypical in PPDs, and more
ommon in debris discs (e.g. A. Moór et al. 2019 ; E. Di Folco et al.
020 ; S.-i. Inutsuka et al. 2023 ). Higher resolution observations are
ecessary to ascertain the distribution of dust and CO gas in the
D 44892 system. 

.2 SED 

ig. 10 shows the SED of the HD 44892 debris disc, assuming
ptically thin dust. The excess emission is best modelled with a
ingle-temperature belt structure, fitted using a blackbody model. 
ue to the uncertainties in the temperature of the parent star
MNRAS 545, 1–13 (2026)
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Figure 9. Overlaid contours of continuum (red) and CO emission (black) of 
HD 44892. CO emission marked in contours of (3, 4, 5, 6, 7, 8) × σ , where 
σ = 11 . 01 mJy beam−1 km s−1 , while continuum is (3, 4, 5, 6, 7) × σ , with 
σ = 0 . 016 mJy beam−1 . Position of HD 44892 marked as a cross. 
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eff = 7500 ± 500 K, we present the SED fit to the stellar temper-
ture of 7500 K along with the alternative minimum and maximum
alues of 7000 and 8000 K. The fit to the excess is highly dependent
n the assumed stellar temperature, changing the resultant dust-belt
emperatures. The best-fitting SED (left plot of Fig. 10 , 7000 K)
uggests that the debris disc is composed of a warm belt at 739 K,
ased on which we estimate the location of this component belt using
quation ( 2 ). 

We estimate the distance of the 739 K dust belt to be 1.1 au from the
arent star. The two higher temperature fits produce additional excess
oints that cannot be fitted with the existing blackbody component
nd would hence require an additional, even hotter belt fit. However,
t such high temperatures, around A-type stars, it would be physically
mpossible for the dust to survive, suggesting the stellar fit might
ot be accurate. Carbon grains ∼0.1 au away from A-type stars
ublimate at ∼2000 K (e.g. J. Lebreton et al. 2013 ; T. D. Pearce, A.
. Krivov & M. Booth 2020 ). Silicates sublimate at comparatively
ooler temperatures of ∼1200 K (e.g. É. Sezestre, J. C. Augereau &
. Thébault 2019 ). In addition to the SED data shown in Fig. 10 ,
here exists a 100μm upper limit listed in the IRAS catalogue, which
e did not include in the SED fit, as it is very large and does not

epresent a meaningful constraint. 

.3 IRS 

sing data from the IRS spectrograph 4 (the Infrared Spectrograph on
he Spitzer Space Telescope ), in Fig. 11 we examined and compared
he mid-IR spectrum of HD 44892 (PI: Bouwman, ID 3470) to that
f PPDs HD 97048 (PI: Houck, ID 2) and HD 36112 (PI: Bouwman,
D 3470), and debris discs with gas HD 138813 (PI: Carpenter, ID
0091) and HD 131835 (PI: Houck, ID 40651). The spectrum of
NRAS 545, 1–13 (2026)

 With reduced spectra obtained from https://cassis.sirtf.com 

d  

f  

f  
D 44892 is quite complex and looks very different to those of
oth PPD and debris discs, and it shows a distinctive feature at the
avelength of ∼ 12μm, which is not present in the spectra of other
bjects. The comparison shows that HD 44892 is unique and likely
aught at the transition from PPD to debris disc stage. 

 H D  4 4 8 9 2  IN  T H E  C O N T E X T  O F  K N OW N  

A S - H A R B O U R I N G  DEBRI S  DI SCS  

n Fig. 12 , we compare the dust and CO gas masses we calculated for
D 44892 with Herbig star discs (flux adapted from A. Moór et al.
017 ) and all other debris discs with CO gas mass measurements to
ate (see Table A1 for detailed list), highlighting the discs HD 141569
J. M. Miley et al. 2018 ), NO Lup (J. B. Lovell et al. 2021a ),
omalhaut (M. A. MacGregor et al. 2017 ; L. Matrà et al. 2017b ), and
Crv (S. Marino et al. 2017 ). HD 44892, due to its probable very
oung age, populates an area where we would expect PPDs to reside,
ut both its dust and CO gas masses are much lower than expected
or PPDs. 

Since HD 44892 is younger than almost all of debris discs from
ig. 12 , we would expect it to contain more both dust and gas, as less

ime has passed for collisional evolution and subsequent dispersal
f material from the system. While the CO gas mass of our target
ay be quite high and comparable to the most massive debris discs
ith gas, the dust mass is lower in comparison. Like HD 141569,
D 44892 is also a pre-MS star. Both these discs seem to represent

he missing link between PPDs and the older planetary systems we
bserve around other stars. They are both at an evolutionary stage
ollowing PPDs, suggesting their gas is potentially inherited from this
arlier stage, hence is primordial. This does not, however, entirely
ule out the possibility of secondary or mixed origin gas. 

The accretion rate we derived for HD 44892 (see Section 4.2 ) is
ery similar to that measured for HD 141569 (J. R. Fairlamb et al.
015 ) and is orders of magnitude higher than expected for CO-rich
ebris discs (10−11 –10−13 M� yr −1 , Q. Kral et al. 2017 ; S. P. D.
orthakur et al. 2025 ). If we assume a secondary origin for the gas,
here the gas is H-poor with no significant H2 reservoir, and adopting

he upper limit on the total CO gas mass (based on the 13 CO emission)
f 10−2 M⊕, the CO in the disc would be depleted within just a few
ears. It is highly unlikely that a mechanism capable of replenishing
uch a large amount of secondary gas exists, thus the high accretion
ate suggests that at least the inner disc is of primordial origin
nd dominated by H2 gas. However, given the accretion variability
iscussed in Section 4.2 , this value may represent a phase of enhanced
ccretion. A more detailed discussion will be presented in Szewczyk
t al. (in prep). 

At the young age of HD 44892, apart from HD 141569, only one
ther comparable 12 CO detection in a debris disc exists – that in the
isc around NO Lup, a 0.7 M� star with an age estimate of 1–3 Myr.
he two other possible 12 CO detections presented in J. B. Lovell
t al. ( 2021a ), around Sz 108B and Lup 818s, are likely caused by
O cloud (ISM) gas instead. For NO Lup, using continuum and 12 CO
uxes from J. B. Lovell et al. ( 2021a ), we derive the CO gas mass,
ssuming gas temperature of 50 K, of (5.03 ± 1.13) × 10−5 M⊕. At
he reported dust temperature of 20 K, we estimate the dust mass in
he disc to be (4.00 ± 1.38) × 10−2 M⊕. These values are comparable
o those we derive for HD 44892. HD 44892, similarly to NO Lup, has
ost its PPD, but retains some gas and dust. However, given their very
ifferent stellar masses and structure, the mechanisms responsible for
ispersal are very likely different, i.e. FUV/EUV photoevaporation
or the radiative A-type star HD 44892, and X-ray photoevaporation
or the convective low-mass star NO Lup (M. Kunitomo et al. 2021 ).

https://cassis.sirtf.com
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Figure 10. A fit to the SED of HD 44892, for three assumed parent star temperatures: 7000 K (left), 7500 K (middle), and 8000 K (right). These temperatures 
correspond to the uncertainty range reported by D. P. Iglesias et al. ( 2023 , 7500 ± 500 K). The photometry points used for all plots were V , B , and R photometry, 
2MASS ks, WISE W 1–W 4 (all from D. P. Iglesias et al. 2023 ), IRAS 60μm upper limit (VOSA, A. Bayo et al. 2008 ), and ALMA continuum flux at 1.3 mm as 
reported here in Section 3.2.1 , in order from shortest to longest wavelength. The fitted belt temperatures are shown for each case, using theoretical spectra from 

VOSA (A. Bayo et al. 2008 ). 

Figure 11. Comparison of mid-IR IRS spectra of HD 44892 with those of 
PPDs (HD 97048 and HD 36112) and debris discs with gas (HD 138813 and 
HD 131835), all scaled to 100 pc. HD 44892 looks very different from both 
PPD and debris discs, being caught in the transition between the two stages. 

 

g
r
h
1  

d  

e
e  

n  

a

t  

e  

4  

e  

m  

u  

(  

a  

a  

m  

e  

l  

t  

s

b  

1  

m  

H  

s  

g  

a  

n  

s

7

U  

a  

o  

w  

H  

m  

f  

k  

w  

i  

g  

o  

1
d  

1
 

t
d

 

r  

o  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/545/3/staf2150/8363672 by guest on 30 January 2026
The probable age of 2.1 Myr makes HD 44892 the youngest known
as-bearing debris disc around an IMS to date. There are several 
easons why we trust this age determination the most. First, this object 
as a relatively high level of fractional IR excess (particularly at 
2μm), putting it in the ‘hybrid’ category. Such excess is observed to
ecrease with age, as shown in Fig. 2 , and stars older than 100 Myr are
xpected to have F12μm 

/Fstar < 3. Given HD 44892 has a fractional 
xcess of 7.86 at this wavelength, it is unlikely to be very old, as
o debris disc with such a high excess has been found at such an
dvanced age (see Fig. 2 ). 

Only three debris discs with gas have been found around stars older 
han 100 Myr: HD 23642 (V ∗ V1229 Tau) at 170 Myr (J. Péricaud
t al. 2017 ; J. Southworth et al. 2023 ), Fomalhaut (HD 216956) at
40 Myr (L. Matrà et al. 2017b ), and the 1–2 Gyr η Crv (S. Marino
t al. 2017 ). The older age possibility of HD 44892, at 800 Myr, would
ake it comparable to the latter two of these objects. For Fomalhaut,

sing data from L. Matrà et al. ( 2017b ) and M. A. MacGregor et al.
 2017 ), we derive a 50 K dust mass of (1 . 49 ± 0 . 38) × 10−2 M⊕ and
 CO gas mass of (1 . 89 ± 0 . 55) × 10−7 M⊕. For η Crv, we derive
 dust mass at 50 K of (1 . 07 ± 0 . 87) × 10−2 M⊕ and a CO gas
ass of (5 . 92 ± 0 . 78) × 10−7 M⊕ (with flux data from S. Marino

t al. 2017 ). Both systems contain at least three orders of magnitude
ess CO gas mass than HD 44892 (see Fig. 12 ). This further shows
hat if HD 44892 was 800 Myr, it would be an outlier, containing
ignificantly high amounts of CO gas. 

It is worth noting that discs exist around post-asymptotic giant 
ranch (AGB) binary star systems, with dust masses even up to
 MJ (J. Kluska et al. 2022 ). These, however, are created from the
ass loss of primary object during the last stages of its evolution.
D 44892, at the age of 2.1 Myr, is approaching the zero-age main

equence or, at the alternative age of 800 Myr, is crossing the HR
ap after leaving the MS. Both its stellar temperature and luminosity
re inconsistent with the star being on the AGB. Moreover, there is
o evidence to suggest that HD 44892 is a binary system, hence this
cenario is inapplicable here. 

 SUMMARY  A N D  F U T U R E  PROSPECTS  

sing ALMA, we have detected CO emission in a debris disc
round a young, pre-MS IMS HD 44892 with a fractional IR excess
f 7.86 + 0 . 11 

−2 . 27 at 12μm (D. P. Iglesias et al. 2023 ), which falls
ithin a range (3 < F12μm 

/Fstar < 25) where only one such object,
D 141569, has been previously identified with a measured CO gas
ass. This provides a rare glimpse into the very stage of transition

rom PPD to debris discs. HD 44892 is hence also one of the youngest
nown hybrid discs, along with the lower mass (0.7 M�) star NO Lup,
ith an age 1–3 Myr (J. B. Lovell et al. 2021a ). For gas temperature

n the range 20–50 K, the CO detection yields an estimate of CO
as mass of around 10−4 M⊕. On the other hand, the non-detections
f 13 CO and C18 O lines provide upper limits on gas mass of around
0−2 M⊕. Since we do not know whether the 12 CO emission we 
etected is optically thin or thick, the CO gas mass we derived from
2 CO emission should be treated as a lower limit, and may be up
o ∼ 10−2 M⊕, which is the upper limit derived from 13 CO non- 
etection. 
Given the possibility of the primordial origin of gas, we also

eport the total gas mass values, calculated assuming an ISM ratio
f 12 CO / H2 = 10−4 in the disc. This results in total H2 gas mass
MNRAS 545, 1–13 (2026)
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Figure 12. Comparison of the dust and CO masses of HD 44892 with other known debris discs hosting CO gas (circular points) and fainter Herbig star discs 
(square points, adapted from A. Moór et al. ( 2017 ), calculated for T = 25 K). For reference we marked: the hybrid disc HD 141569, with a dust mass of 
0 . 20 ± 0 . 07 M⊕ and a CO gas mass of (3 . 01 ± 0 . 48) × 10−1 M� (J. M. Miley et al. 2018 ); NO Lup, assumed to be 2 Myr old for this plot, which has a CO gas 
mass of (5 . 03 ± 1 . 12 × 10−5 M⊕ and a dust mass of (4 . 00 ± 1 . 38) × 10−2 M⊕ (J. B. Lovell et al. 2021a ); Fomalhaut, at 440 Myr, which has a CO gas mass of 
(1 . 89 ± 0 . 55) × 10−7 M⊕ and a dust mass of (1 . 49 ± 0 . 38) × 10−2 M⊕ (M. A. MacGregor et al. 2017 ; L. Matrà et al. 2017b ); lastly, the 1–2 Gyr-old system 

η Crv, assumed to be 1.5 Gyr for this plot, which has a CO gas mass of (5 . 92 ± 0 . 78) × 10−7 M⊕ and a dust mass of (1 . 07 ± 0 . 87) × 10−2 M⊕ (S. Marino 
et al. 2017 ). All CO gas masses of debris discs with gas have been derived using a gas temperature of 50 K, while for dust masses we used corresponding dust 
temperatures for each object. Remaining CO and dust fluxes used were adapted from from Á. Kóspál et al. ( 2013 ); A. Moór et al. ( 2013 , 2017 , 2019 ); W. R. F. 
Dent et al. ( 2014 ); J. Lieman-Sifry et al. ( 2016 ); S. Marino et al. ( 2016 ); K. Y. L. Su et al. ( 2017 ); L. Matrà et al. ( 2017a , 2019 ); J. M. Miley et al. ( 2018 ); A. 
Bayo et al. ( 2019 ); and I. Rebollido et al. ( 2022 ); see Table A1 for details. 
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f 0.06 ± 0.02 M⊕ for 20 K gas and 0.12 ± 0.01 M⊕ for 50 K gas,
ielding a gas-to-dust mass ratio of ∼3 at 20 K or ∼6 at 50 K. The
2 masses presented are based on 12 CO emission, which may be
ptically thick, and hence represent lower limits to the total disc gas
ass. However, if this gas is of secondary rather than primordial

rigin, this ratio does not apply, since secondary gas is hydrogen-
epleted (G. V. Smirnov-Pinchukov et al. 2022 ). In such a case, the
as is most likely CO dominated, making the CO gas mass a better
epresentative of the total disc gas mass. 

Presence of circumstellar gas is further confirmed in our UVES
bservations of gas absorption, for which we were able to rule out
nterstellar origin. From the UVES data, we also derived an accretion
ate for HD 44892 of log Ṁacc = −7.64+ 0 . 11 

−0 . 07 and −7.69+ 0 . 11 
−0 . 07 M� yr −1 

or the two observed epochs. This value is comparable to that of
D 141569 exceeding the level expected for CO-rich debris discs

nd is similar to values found in PPDs. If the gas was secondary,
hen based on the ∼ 10−2 M⊕ CO gas mass upper limit, from our
3 CO non-detection, it would be depleted on very short time–scales,
nd replenishment at the required rate seems unlikely. This strongly
uggests that at least the inner disc retains primordial, H2 -rich gas. 

We also detect 1.3 mm continuum emission in HD 44892 in our
LMA observations. We report the dust mass of HD 44892, assum-

ng a dust temperature of 115 K, of 0.019 ± 0.009 M⊕. Millimetre
ust in this young disc is likely to originate from collisional evolution,
NRAS 545, 1–13 (2026)
iven the collisional dust lifetime we estimate at ∼ 10−2 Myr. With
he detected 1.3 mm flux and known shorter wavelength photometric

easurements of HD 44892, along with the stellar spectrum models,
e attempt to characterize the SED in the context of single-

emperature ring models. This approach suggests that almost all
f the excess emission comes from hot material, over 700 K, thus
lose to the star. Indeed, most of the millimetre flux in HD 44892 is
nresolved and may originate from a point source. 
If this is correct, then the marginally resolved dust and gas

xtending at ∼40–45 au are very cold and vertically thin enough
ot to intercept stellar light – the only scenario to explain the
ack of significant IR emission from these spatial scales. Such
attened disc structures (and low-excess SEDs) may arise at late
tages of PPD evolution due to gas loss but also when all the
ery small, submicrometre dust has been removed (O. Panić & M.
in 2017 ). Important to note is that removal of such dust creates

onditions for gas survival beyond PPD phase suggested by R.
akatani et al. ( 2021 ). Assuming HD 44892 is an example of this

cenario, future studies could involve scattered-light observations
sing telescopes such as the VLT/SPHERE (Spectro-Polarimetric
igh-contrast Exoplanet REsearch), to verify if such small grains

re indeed absent from its debris disc by, for example, if scattered
ight is absent, or has a colour indicative of scattering by larger grains
G. D. Mulders et al. 2013 ). 
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The dust mass in the disc of HD 44892 is within an order of
agnitude less than that of the hybrid disc HD 141569. The CO

as mass may be comparable to that of known gas-rich debris
iscs, depending on the optical thickness of 12 CO emission. Given 
he very young age of HD 44892, primordial origin gas is likely
R. Nakatani et al. 2021 ; G. V. Smirnov-Pinchukov et al. 2022 ).
ence, it is possible that we have caught this disc just at the end
f its primordial gas contents, which may explain the relatively 
ow CO mass. This suggests HD 44892 is the next evolutionary 
tage following HD 141569, helping us understand the evolution of 
lanetary systems better. None the less, the young age of this object
lone does not allow to make definitive conclusions about the origin 
f gas in this disc. 
It is important to note that from the CO gas mass alone, of

1.62 ± 0.17) × 10−4 M⊕, it is impossible to fully rule out the 
econdary origin scenario. According to G. Cataldi et al. ( 2023 ),
nly CO-rich debris discs, which they classify as having MCO � 

0−3 M⊕, cannot be solely explained by the current secondary 
odels (like the one in Q. Kral et al. 2017 ). A solution may be

ither an improvement of secondary models of gas production or 
resence of primordial gas. On the other hand, they state that it is
he debris discs with low CO gas masses, � 10−5 M⊕ that are easily
xplainable by secondary means alone. Since the CO gas mass of
D 44892 is between the two, secondary or mixed origin is still
ossible. It is worth noting, however, that while models introduced 
n Q. Kral et al. ( 2019 ) can explain the high CO gas masses in
O-rich debris discs, by introducing neutral carbon shielding and 

elf-shielding of CO, more recent work of S. Marino et al. ( 2022 )
iscusses the limitations of this scenario. In particular, they show that 
ertical mixing of gas in the debris disc reduces the effectiveness of
hielding, limiting the accumulation of CO. Hence, for the most 
O-rich systems secondary models alone are not yet able to explain 

his gas presence, and primordial origin remains the best available 
xplanation (S. Marino et al. 2022 ; G. Cataldi et al. 2023 ). G. Cataldi
t al. ( 2023 ) propose that observations of C I in debris discs where
O was found are needed to improve current models of gas, which
ight help answer questions regarding its origin. Since HD 44892 

as a CO gas mass comparable to some of the debris discs with
etected C I in their sample, it is possible that HD 44892 may also
ave detectable C I emission in higher sensitivity observations. 
If the alternative age of 800 Myr is considered, HD 44892 would be

n outlier in terms of its dust mass (temperature-dependent), 12μm 

xcess, and CO gas mass, strongly suggesting that this is the case
f a young pre-MS star. The two proposed age scenarios, of 2.1 and
00 Myr, correspond to different stellar mass estimates of 2.87 and 
.29 M�, respectively. Future, higher spatial and spectral resolution 
tudies of CO emission with ALMA, could remove any remaining 
ncertainties, allowing for a dynamical mass estimation of the star. 
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3670 
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anić O. , Min M., 2017, MNRAS , 467, 1175 
earce T. D. et al., 2022, A&A , 659, A135 
earce T. D. , Beust H., Faramaz V., Booth M., Krivov A. V., Löhne T., Poblete
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oó
r 

et
 
al

. (
 20

19
 )e
 

; S
. R

ed
fie

ld
 
( 2

00
7 )

a
 

∗4
9 

C
et
 

45
[3

] 
1.

98
[3

] 
A

1V
 

57
.2

3 
1.

44
 
×

10
−1

 

2.
42

 
×

10
−2

 

A
. M

oó
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