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Smuggling unnoticed: Towards a 2D view of water and dust delivery to the
inner regions of protoplanetary discs

Adrien Houge'->*®, Sebastiaan Krijt'®, Andrea Banzatti*®, Geoftrey A. Blake*®, Paola Pinilla>®,
Klaus M. Pontoppidan®*®, Leon Trapman’®, Joe Williams'®, and Ke Zhang’

accepted tin MNRAS

Infrared spectroscopy, e.g.. with JWST, provides a glimpse into the chemical inventory of the innermost region of protoplanetary
discs. where terrestrial planets eventually form. The chemical make-up of regions inside snowlines is connected to the material
drifting from the outer regions, which can be modeled with dust evolution models. However, infrared observations are limited
by the high dust extinction in the inner disc, and only probes the abundances of gaseous species in the disc surface layers. As a
result, the bulk mass of delivered volatiles is not directly relatable to what 1s measured through infrared spectra. In this paper,
we investigate how the delivery of dust and ice after prolonged pebble drift affects the observable reservoir of water vapor in
the inner disc. We develop a 141D approach based on dust evolution models to determine the delivery and distribution of vapor
compared to the height of the v = | surface in the dust continuum. We find that the observable column density of water vapor
at wavelengths probed by JWST spans many orders of magnitude over time, exhibiting different radial profiles depending on
dust properties, drift rate, and local processing. In the presence of a traffic-jam effect inside the snowline. the observable vapor
reservoir appears constant in time despite the ongoing delivery by pebble drift, such that water is effectively smuggled unnoticed.
Differences in measured column densities then originate not only from variations in bulk vapor content, but also from differences
in the properties and distribution of dust particles.
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- & X ki +radial drift: chemcomp (Schneider & Bitsch 2021, Birnstiel+ 2012)
Initial water to refractory mass fraction: 0.2 (cf. 67P/C.-G.)

Initial gas surface density profile: power-law profile with scaling radius of 100 au
M.=1Ms, L.=4Ls, Mdisk=0.05Ms, sL. /4 ®=0.05 (snowline: 2.2 au)
Disk turbulent parameter: a=10-3 Hrrr:rggrz_) ’

Initial population of dust grains: 0.1um monomers (well coupled with gas)

- Dust fragmentation velocity

i) v_frag = 10 m/s (whole disk)

i) v._frag = 10 m/s (beyond the snowline), v_frag = 1 m/s (inside the snowline)
iii) v.frag = 1 m/s (whole disk)
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REsolved ALMA and SMA Observations of Nearby Stars

REASONS: A population of 74 resolved planetesimal belts at millimetre
wavelengths

L. Matra!, S. Marino?, D. J. Wilner?, G. M. Kennedy*, M. Booth™%, A. V. Krivov®, J. P. Williams’, A. M. Hughes®, C.
del Burgo™ 'Y, J. Carpenter'!, C. L. Davies?, S. Ertel'> !, Q. Kral'®, J.-F. Lestrade'”, J. P. Marshall'®, J. Milli"’, K. L.
Oberg’, N. Pawellek'® ", A. G. Sepulveda®, M. C. Wyatt’', B. C. Matthews>>>*, and M. MacGregor**

Published in A&A

Context. Planetesimal belts are ubiquitous around nearby stars. and their spatial properties hold crucial information for planetesimal and planet
formation models.

Aims. We present resolved dust observations of 74 planetary systems as part of the REsolved ALMA and SMA Observations of Nearby Stars
(REASONS) survey and archival reanalysis.

Methods. We uniformly modelled interferometric visibilities for the entire sample to obtain the basic spatial properties of each belt, and combined
these with constraints from multi-wavelength photometry.

Results. We report key findings from a first exploration of this legacy dataset: (1) Belt dust masses are depleted over time in a radially dependent
'way, with dust being depleted faster in smaller belts, as predicted by collisional evolution. (2) Most belts are broad discs rather than narrow rings,
with much broader fractional widths than rings in protoplanetary discs. We link broad belts to either unresolved substructure or broad planetesimal
discs produced if protoplanetary rings migrate. (3) The vertical aspect ratios (h = H/R) of 24 belts indicate orbital inclinations of ~1-20°, implying
relative particle velocities of ~(0.1-4 km/s. and no clear evolution of heights with system age. This could be explained by early stirring within the
belt by large bodies (with sizes of at least ~140 km to the size of the Moon), by inheritance of inclinations from the protoplanetary disc stage,
‘'or by a diversity in evolutionary pathways and gravitational stirring mechanisms. We release the REASONS legacy multidimensional sample of
millimetre-resolved belts to the community as a valuable tool for follow-up multi-wavelength observations and population modelling studies.
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- REASONS: %Y — X4 @ 1.27 mm. ALMATI15KAE, SMATI0ORAE
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ALMA: sensitivity: 12-68 uly, beam size: 0.2"-3.1"
SMA: sensitivity: 100-290 uly, beam size: 3"-6"

- visibility BT JL:
- radial surface density distribution: Gaussian
- density profile:
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- temperature profile: o« 0>
- MCMC fitting (EMCEE v3)

- SED fitting — L_dust/L., temperature (T_cold), A,, B
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- AR/R vs. Age
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Vertical CO surfaces as a probe for
protoplanetary disk mass and carbon depletion

[. Pane llE—Cal‘l‘EﬁDl’E, A. Mimellﬂl, E. F. van Dis]loeckz'3, G. Rosotti*, B. Tabone?
g
Accepted in A&A

Context. As the sample of mid-inclination disks with measured CO emission surfaces grows, a fundamental unanswered question is
how these vertical profiles connect to their host properties.

Aims. This project aims to relate the vertical extent of protoplanetary disks as traced by '>CO 2 — 1 to key stellar and physical
parameters. In order to produce a result that is applicable towards an observational analysis, we benchmark our results with ALMA
observations of CO emission from nineteen disks.

Methods. We produce a grid of disk models using the physical-chemical code DALI, for a template T Tauri and Herbig star. Our mod-
els use an iterative solver to calculate the hydrostatic equilibrium equations and determine a physically-motivated density structure.
Key stellar and disk parameters such as stellar luminosity and temperature, total disk mass, carbon abundance and critical radius are
varied to determine their effect on the CO emitting surface. Each vertical profile is fitted by an exponentially tapered power-law and
characterized by the z/r value that represents the structure inwards of 80% of the tapering radius.

Results. The CO emission surface location is primarily determined by the disk mass (M) and the level of volatile carbon depletion.
T Tauri and Herbig systems show different vertical profiles, with disks around T Tauri stars being more vertically extended. We derive
a z/r-My relationship, which for each stellar type has a degeneracy with the volatile carbon abundance. In order to reconcile total
disk mass estimates from the characteristic z/r and the values obtained based on dust continuum analysis, a volatile carbon depletion
of 10-100 (with respect to the ISM) is needed for the majority of our sources. Our carbon depletion values are in agreement with
previous literature estimates, highlighting the potential of this method to rapidly calculate key disk parameters.
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Chemistry

Chemical Age | Myr

Volatile [C]/[H] 1.35% 1074, 107>, 107°
Volatile [O]/[H] 2.88 x 1074, 1072, 1076
[PAH] 10~* ISM abundance

M, (total disk mass) 107", 1072, 1073, 107* My,
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Parameter

T Tauri model
@ (flaring index) 0.1, 0.2, 0.5
Sarge (small/large grains) 0.9, 0.95, 0.99

T 3500, 4000, 4500 K
Lo 0.2.1.0.3L,
J'wacc 10_9. 10_3. 10_? N‘[C )‘"1._1

R. (characteristic radii) 15,50, 100 au

Herbig model

[PAH] 107*, 1072, 107" ISM abundance
T 7500. 9000, 10000 K

Lo, 10,17, 30 L,

R. (characteristic radii) 15. 50, 100 au
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Star M., L, T, Previ
[Mz] | [Lol [K] Dust mass x 100

T Tauri Disks
MY Lup 1.27 | 0.87 5129 1.5x1072
AS 209 1.2 1.41 4266 7.5%1072
WaOph 6 1.12 2.9 4169 1.4x1072
IM Lup 1.1 2.57 | 4266 3.67x 107
GM Aur 1.1 1.2 4350 7.3%x1072
DoAr 25 1.06 | 0.95 | 4266 4.2x1072
LkCa 15 0.7 1.098 | 4162 2.7x1072
GW Lup 0.62 | 033 | 3631 1.5%1072
Sz 91 0.55 | 0.26 | 3720 2.2x1073
DM Tau 0.50 | 0.24 | 3705 1.6x1072
Elias 2-27 | 0.46 | 0.91 3890 3.4x1072

Herbig Disks
HD 100546 | 2.10 | 234 | 9750 1.2x1072
HD 97048 | 2.70 | 442 | 10500 4.7x1072
HD 100453 | 1.66 | 6.31 7400 5.3x1073
HD 34282 | 1.59 | 13.64 | 8625 2.6x1072
MWC 480 2.1 21.9 | 8250 1.2%107!
HD 163296 | 2.0 17.0 | 9332 8.4x1072
HD 142666 | 1.73 9.1 7500 7.6%x1073
Ak Sco 1.2 24 6250 1.8x1073
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