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Extracting bulk disk properties from moderate angular resolution ALMA line
observations
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Extracting bulk disk properties from moderate angular resolution ALMA line
observations

Putting empirical constraint on the accretion scenarios: gas radii
RECIPE:

1. Statistics.
Accurate CO radii are difficult to extract on a population — base.

* Ansdelletal., 2018: 22 gas disk sizes
 Sanchis etal., 2021: 42 gas disk sizes I overlap of some disks.
* Longetal., 2022: 44 gas disk sizes
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Putting empirical constraint on the accretion scenarios: gas radii
RECIPE:

1. Statistics.
Accurate CO radii are difficult to extract on a population — base.

* Ansdelletal., 2018: 22 gas disk sizes
 Sanchis etal., 2021: 42 gas disk sizes I overlap of some disks.
* Longetal., 2022: 44 gas disk sizes

2. Wide range of ages (hence SFRs).
We are mostly biased towards Lupus and Taurus.
AGE-PRO is out! (Zhangetal., 2025; Trapman et al., 2025)

3. ‘Common’disks.
Most reliable size measurements come from very extended and
bright disks (e.g., Oberg et al., 2021; Teague et al., 2025)

What about compact and/or faint disks?



Extracting bulk disk properties from moderate angular resolution ALMA line
observations

Typical disk galleries you probably have seen
12CO collection of some bright (and large!) protoplanetary disks
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Extracting bulk disk properties from moderate angular resolution ALMA line
observations

However, the compact ones are fundamental!
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Extracting bulk disk properties from moderate angular resolution ALMA line

observations
However, the compact ones are fundamental!
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How can we derive accurate disk
properties from compact molecular
line disk emission ?
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Extracting bulk disk properties from moderate angular resolution ALMA line
observations

GAS VISIBILITY FITTING

Squeezing water from stone

FFT-1

‘cleaning’

This procedure is amazing, BUT:

* Relies on deconvolution algorithms (tclean)

* Needs thresholds to stop

* (Can give different results based on the weights

* Introduces systematics to the final products
(e.g., non-gaussian thermal noise)



Extracting bulk disk properties from moderate angular resolution ALMA line
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Whatdo | do?

1. |take the raw data (the visibilities V)

2. |ltrytodo science without further processing
them

Is this easy?
* Notatall

* Canyouthinkin complex space? (Fourier space)
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Extracting bulk disk properties from moderate angular resolution ALMA line
observations
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Extracting bulk disk properties from moderate angular resolution ALMA line
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GAS VISIBILITY FITTING
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In my modell fit for:

 Disk geometry (inc, PA, dRA, dDEC, vsys)

e Stellar mass ( ian — wi ibuti i ight)
 Temperature profile (power-law)

 Optical depth profile (exp tapered power-law)

* 2(r) (exp tapered power-law)




Extracting bulk disk properties from moderate angular resolution ALMA line

observations
GAS VISIBILITY FITTING

1.0 : : we Median radial profile
I | (== Ruse
[ AN -
0.8 | |
—_ [ |
w ] |
' 13 206 A
dat: 2 i :
= I
el = 0.4 [ |
= | |
visibility fm ng 9 - : :
with ) ;1 i l |
7 |
_— - '
\ T o 6 = 0.0 | S _
/ a 100 200 300
= R [au]
K— 2 Modia
0 16-84
data - model . .
rp.ﬁ"’”i‘l‘) ! s 3 g ‘()
\ | g
| | 2 = 220
‘ ; -% n 5
L +2. 60} . 3 ﬂ()i @ 4.20 - z- |
10 >
o — 7 | | |

R [au)



The 12C0 Gas Structures of Protoplanetary Disks in the Upper Scorpius Region
Zallio+26a
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The 12C0 Gas Structures of Protoplanetary Disks in the Upper Scorpius Region

Zallio+26a

Upper Scorpius analysis — 37 new disks modeled!
Data from Carpenteretal. (2025)
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The 12C0 Gas Structures of Protoplanetary Disks in the Upper Scorpius Region
Zallio+26a

One of the mostimportant products:
DISK-BASED DYNAMICAL STELLAR MASSES



Benchmarking pre-main sequence tracks using dynamical stellar masses
Zallio+26b

HR-diagrams to derive stellar masses and ages
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Benchmarking pre-main sequence tracks using dynamical stellar masses

Zallio+26b

HR-diagrams to derive stellar masses and ages

Baraffe+15
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Constraints on these
variables are highly uncertain
and model dependent!



Benchmarking pre-main sequence tracks using dynamical stellar masses
Zallio+26b

Disk-based Stellar Masses -> benchmarking PMS tracks
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Benchmarking pre-main sequence tracks using dynamical stellar masses
Zallio+26b

Keplerian Stellar Masses -> Precise stellar ages

= Baraffe+15: (¢) ~ 4.4 Myr
. Feiden+16 no B: (t) ~ 4.4 Myr
Feiden+16 B: (¢) ~ 9.1 Myr
PARSEC v2.0: (¢) ~6.7 Myr
Siess+2000: (t) ~ 5.1 Myr
SPOTS f=0%: (t) ~4.9 Myr
SPOTS f=17%: (t) ~ 6.3 Myr
SPOTS f=34%: (t) ~ 8.3 Myr
SPOTS f=51%: (t) ~10.2 Myr
SPOTS f=85%: (t) ~15.1 Myr

Probability density (KDE)
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Benchmarking pre-main sequence tracks using dynamical stellar masses
Zallio+26b

Keplerian Stellar Masses -> Precise stellar ages

0.140 Baraffe+15: (t) ~ 6.6 Myr
. Feiden+16 no B: {t) ~ 6.6 Myr
:o: 0.120 - Feiden+16 B: () ~ 7.3 Myr
>.0.100 PARSEC v2.0: (t) ~ 5.2 Myr
% Siess+2000: (t) ~ 8.3 Myr
° 0.080 SPOTS f=0%: (t) ~7.1 Myr
% 0.060 SPOTS f=17%: (t) ~ 7.0 Myr
©
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0.02014/ SPOTS f=285%: (t) ~ 6.4 Myr
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Benchmarking pre-main sequence tracks using dynamical stellar masses
Zallio+26b

Keplerian Stellar Masses -> Precise stellar ages
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>.0.100 PARSEC v2.0: (t) ~ 5.2 Myr
g 0,080 Siess+2000: (t) ~ 8.3 Myr
° SPOTS f=0%: (t) ~7.1 Myr
% 0.060 SPOTS f=17%: (t) ~ 7.0 Myr
‘;é“ 0040 SPOTS f=34%: (t) ~ 6.9 Myr
o SPOTS f=51%: (t) ~ 6.6 Myr
0.020 SPOTS f=285%: (t) ~ 6.4 Myr

40 50




Moving to novel data. No

The ALMA Disk-Exoplanet C/Onnection (PI: L. I. Cleeves) DiETLﬂREs
DLEAS

80 disks in 12 molecular lines,
divided in Rho Ophiucus, Taurus,
Lupus and Chamaeleon |

0.2 My <M, <15 Mg,
GKM stars -> ‘typical disks’

Half of the sample has PPVII
R ,s¢ < 40 au and half with
R,ius¢ > 40 au

| analyzed 12CO, 13CO and
C180

Zallio et al. (in prep)




The ALMA Disk-Exoplanet C/Onnection (PI: L. I. Cleeves) No
DicTuRES

Zallio et al. (in prep.)
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The ALMA Disk-Exoplanet C/Onnection (PI: L. I. Cleeves) No
DicTuRES

Zallio et al. (in prep.)

Radius - luminosity plane
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The ALMA Disk-Exoplanet C/Onnection (PI: L. I. Cleeves) No
DicTuRES

Zallio et al. (in prep.)
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The ALMA Disk-Exoplanet C/Onnection (PI: L. I. Cleeves) No
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The ALMA Disk-Exoplanet C/Onnection (PI: L. I. Cleeves) No
DicTuRES

Diop et al. (in prep.) DLELSE
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The ALMA Disk-Exoplanet C/Onnection (PI: L. I. Cleeves) No
DicTuRES

Diop et al. (in prep.) DLELSE
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The ALMA Disk-Exoplanet C/Onnection (PI: L. I. Cleeves)

Diop et al. (in prep.)
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The ALMA Disk-Exoplanet C/Onnection (PI: L. I. Cleeves) No
DicTuRES
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Extracting bulk disk properties from moderate angular resolution ALMA line

observations ]
Conclusions

1. Visibility fitting rocks :
o Robust parametric inference.
o Avoids tclean.
o Isthe most complete way to analyze spectral lines data.

2. 37 new Upper Scorpius 12CO0O radii, aspect ratios, brightness temp profiles
published (Zallio+26a)

3. Benchmarking pms tracks (Zallio+26b)
o Beware the power of the Kelvin-Helmholtz timescale...

4. csaltwill be submitted (Andrews+, in prep., including L. Zallio) ~ STAY 7

- ~
5. DEC/O Large Program results incoming... (Zallio+, in prep.), etc.! TUNED
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