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local standard of rest velocities (vsys) of the Lupus targets are
~ 4 km s-1 ; thus, we flag channels with velocities between
-19.0 and 21.0 km s-1 as spectral lines, and these channels are
removed from the continuum analysis.
Then we perform astrometric alignment and flux-scale

alignment among different executions. We first self-calibrate
the short-baseline data (for the Band 7 setting, this is where we
stop, because we only have short-baseline data), and we
concatenate the self-calibrated short-baseline data with the
long-baseline data. The combined visibilities are then self-
calibrated together. First, iterations of phase-only self-calibra-
tion are performed. We start with a large solution interval
(solint=‘300s’ or ‘inf’), and after each iteration of
self-calibration, the resulting peak intensity and image signal-
to-noise ratio (SNR) are used to determine if we continue with
another iteration. As the last step, one amplitude self-
calibration is attempted, usually with a solution interval equal
to the scan length. Self-calibration improves the SNR for the
disks in AGE-PRO Lupus sample by ~50% within a few
iterations.
These alignments and calibration tables are also applied to

the original visibilities that do not have any spectral averaging

and include the spectral lines. Then we subtract the continuum
from these aligned and self-calibrated visibilities to provide a
continuum-subtracted measurement set for each source for
further analysis on different spectral lines.
The data products, continuum+line measurement sets, and

data reduction scripts are available for download from the
AGE-PRO website.

3.2. Imaging Strategy

The continuum images in both Bands 6 (234 GHz) and 7
(285 GHz) are generated while the self-calibration is con-
ducted. For the final continuum image product after self-
calibration, we use the tclean task with an elliptical mask,
and a Briggs robust parameter of 0.5 to achieve an angular
resolution of ~0 .35 for Band 6 and ~0 .70 for Band 7.
Before the line imaging, we split the data into individual

measurement sets for each target line. We also use the
constraint of uvrange = ‘>50klambda’ for Band 6 data to
remove the cloud contamination in large-scale structures �4²
that heavily affect 12CO (2–1) line emission, and sometimes in
the 13CO (2–1) line. The choice of the 4² criteria is based on
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Figure 3. Spectral energy distributions (SEDs) for the AGE-PRO Lupus disks. The gray lines are the stellar photospheric spectra from PHOENIX models
(T. O. Husser et al. 2013) corresponding to their Teff. We also apply the extinction (Table 1) to the models and then scale it to the distance of each star. The SEDs
evidence the accuracy of the stellar parameters, and the presence of the IR excess suggesting they are Class II sources. The orange points are the continuum flux
densities measured in our observations (see Section 4 for more details), and the blue points are the observations collected from literature: XMM-Newton (M. J. Page
et al. 2012), GALEX (L. Bianchi et al. 2017), GSC II (B. M. Lasker et al. 2008), the Sloan Digital Sky Survey (R. Ahumada et al. 2020), APASS DR9 (A. A. Henden
et al. 2015), Gaia DR3 (Gaia Collaboration 2022), the Two Micron All Sky Survey (R. M. Cutri et al. 2003), Spitzer (N. J. I. Evans et al. 2003), the Wide-field
Infrared Survey Explorer (R. M. Cutri et al. 2021), ROSAT (W. Voges et al. 1999), Herschel (M. Benedettini et al. 2018), and ALMA (M. Ansdell et al. 2016, 2018).
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Figure 4. The AGE-PRO Lupus sample vs. the Lupus Class II sample that summarized in C. F. Manara et al. (2023). Mass accretion rates are from J. M. Alcalá et al.
(2014, 2017, 2019), and millimeter fluxes are from M. Ansdell et al. (2016, 2018), T. Tsukagoshi et al. (2019), and E. Sanchis et al. (2020). The spectral indices
(αmm) between these two continuum flux densities are computed in this work (Section 2.1). The p-values from the Kolmogorov–Smirnov tests comparing the
selected Lupus sample in AGE-PRO (blue histograms) with the same spectral type range Class II sample (orange histograms) are all much larger than 5%, suggesting
that the AGE-PRO sample is representative for the M3-K6 Class II sources in Lupus.
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Appendix D
New Companion(s) around Lupus 6 (J16085324-3914401)
In the 12CO J = 2–1 image, we find there are two potential

companions around Lupus 6, and they are marked as targets
“b” and “c” around the main target “a” in Figure D1, with the
white dashed ellipses circling their emission area. The Lupus
6b is only ~0 .7 away, located at (DR.A., Ddecl.) = (-0 .20,
-0 .70), and the Lupus 6c is ~6 .6 away, located at
(DR.A., Ddecl.) = (5.65, 3.45). All three targets can be seen
from three CO isotopologue lines, and their 12CO J = 2–1 line
spectra are shown in Figure D2.
We check these three targets in the continuum image with

the masks around all three targets identified from the
12CO J = 2–1 image. However, only Lupus 6a and c appear
in the continuum image, while Lupus 6b is missing. In an
accompanying paper, M. Vioque et al. (2025) reported a 3σ
residual at the location of Lupus 6b after fitting the visibilities
of the Band 6 continuum data. If the continuum emission

appearing in the visibility plane is real, then Lupus 6b is
another disk very close to Lupus 6a; but if there is no
continuum emission, the CO isotopologue emission at the
location of Lupus 6b could also be an outflow from or an infall
into it. Observations with higher sensitivities are needed to
distinguish between the two scenarios and to better understand
this system.
We measure the line fluxes for all three CO isotopologue

fluxes and also the Band 6 continuum flux densities on all three
of these targets. The elliptical masks were adopted based on
the morphology we see from the images, and the same curve-
of-growth method is used to measure their fluxes. For
12CO J = 2–1 images, because we see similar cloud contam-
ination in all three targets, we use the same method as adopted
in Lupus 6a (see Section 4.3) to derive the cloud contamination
corrected line fluxes for 12CO J = 2–1. All measured fluxes
and flux densities are summarized in Table D1, and the values
for Lupus 6a are the same as those reported for Lupus 6 in the
main AGE-PRO flux (Table 3).
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Figure C2. The image galleries for Lupus 10, where the image sizes are extended to 5² to show the full extended disk. The notation follows that in Figure C1.

Table C1
Measured Fluxes from the Curve-of-growth Method for Other Lines

ID ( )( ) ( )FH CO 3 22 0,3 0,2 ( )FDCN 3 2 ( )+FN D 3 22 ( )+FDCO 4 3 ( )FC S 6 534 ( )FDCN 4 3 ( )( ) ( )FH CO 4 32 0,4 0,3

(mJy km s-1 ) (mJy km s-1 ) (mJy km s-1 ) (mJy km s-1 ) (mJy km s-1 ) (mJy km s-1 ) (mJy km s-1 )

Lupus 1 11.0 ± 3.6 ⋯ ⋯ 5.4 ± 3.3 17.0 ± 5.7 ⋯ ⋯
Lupus 2 96.2 ± 7.6 61.2 ± 6.7 40.8 ± 8.0 341.9 ± 10.0 8.5 ± 6.3 84.3 ± 9.1 145.8 ± 12.5
Lupus 3 21.5 ± 3.6 29.0 ± 4.8 3.1 ± 4.6 64.6 ± 6.2 9.1 ± 5.5 60.4 ± 6.0 44.1 ± 8.5
Lupus 4 0.3 ± 3.0 ⋯ 10.5 ± 5.7 ⋯ ⋯ ⋯ 6.0 ± 6.0
Lupus 5 3.8 ± 3.2 1.9 ± 4.0 3.5 ± 4.9 8.9 ± 7.2 ⋯ ⋯ ⋯
Lupus 6 10.8 ± 8.6 5.4 ± 9.6 26.2 ± 10.5 ⋯ ⋯ ⋯ ⋯
Lupus 7 ⋯ 8.2 ± 4.6 ⋯ 10.3 ± 5.5 4.7 ± 4.9 ⋯ 12.9 ± 5.4
Lupus 8 ⋯ ⋯ 53.8 ± 5.3 ⋯ 3.5 ± 2.0 ⋯ 5.6 ± 2.1
Lupus 9 ⋯ ⋯ 42.4 ± 7.5 6.3 ± 3.2 ⋯ 3.9 ± 2.2 7.1 ± 3.0
Lupus 10 1838.0 ± 29.5 ⋯ 11.5 ± 10.1 614.2 ± 14.8 66.2 ± 11.6 165.0 ± 13.0 2269.4 ± 26.9
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Appendix E
Flux Uncertainties Measured through Bootstrapping

To compute uncertainties on the total fluxes, we adopt the
following approach, often called the rms method. First, we
measure rms beam-1 in an annulus outside the disk emission
in the moment 0 maps (Figures 5 and 10 in Section 4). Then,
we multiply this value by the square root of the number of
beams covering the disk emission itself. A different but more
time-consuming approach is to adopt a bootstrapping method
(e.g., J. B. Bergner et al. 2019; Y. Harikane et al. 2020;
D. E. Anderson et al. 2022; T. Tsukui et al. 2023). This method
can be carried out by placing the same aperture as used to
measure the total flux at random locations on an emission-free
parts of the cube. The uncertainty of the total flux is taken as
the standard deviation of the fluxes within the sampled
apertures. We outline how the method is implemented as
follows:

1. We select an emission-free part of the data cube, which
are all channels with velocities outside a user-specified
velocity range that contains line emission from the
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Figure D1. Band 6 continuum image and zeroth-moment maps for Lupus 6. Three targets in this system are marked with white circles and named as “a,” “b,” and
“c.” Images in the bottom row are the same as those in the top row, but zoomed in to Lupus 6a and b.

Table D1
Fluxes of Lupus 6 Triple System

Target DR.A. DDecl. F234 GHz Cont. F CO12 F CO13 FC O18

(″) (″) (mJy) (mJy km s-1 ) (mJy km s-1 ) (mJy km s-1 )

Lupus 6a 0.00 0.00 7.8 ± 0.1 205.4 ± 5.4 46.7 ± 5.3 16.3 ± 3.6
Lupus 6b -0.20 -0.70 ⋯ 72.8 ± 5.1 15.7 ± 5.1 8.1 ± 3.5
Lupus 6c 5.63 3.45 1.1 ± 0.1 96.8 ± 3.9 23.1 ± 3.9 5.6 ± 2.6

Note. F CO12 is cloud contamination corrected. We used the same method described in Section 4.3 to carry out the correction.
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Figure D2. 12CO J = 2–1 line spectra for Lupus 6 and its companions. Lupus
6a, b, and c are shown in black, yellow, and pink lines, respectively. The red
dashed line shows the line flux at 0 mJy, and the dotted–dashed gray line
shows the systemic velocity measured from Lupus 6a. Cloud contamination
appears in all three targets from ~3 to 6 km s-1 .
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