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Water vapor emission at the warm cavity wall of the HD 100546 disk as revealed by ALMA

RaMPINELLI, Luna (2 ! FaccHini, STEFaNO (2! LEEMKER, MaArcoT 2! IsELLA, ANDREA 2 %% CuronE, PieTRO (0 4

BENISTY, MYRIAM &) °* HumPHREYS, EL1ZABETH ). 7 AND TEsTI, LEONARDO (28

ABSTRACT

We present spatially resolved ALMA observations of the water line at 183 GHz in the disk around
the Herbig star HD 100546. The water vapor emission peaks at the inner edge of the warm dust cavity,
located ~ 15 au from the central star. We attribute this to thermal desorption at the water snowline,
shifted outward at the dust cavity wall directly heated by the intense radiation. This represents the first
spatially resolved image of the water snowline using ALMA observations of the main water isotopologue
in a protoplanetary disk. The water emission morphology peaking inside the first dust ring is consistent
with previous ALMA detections of oxygen-bearing complex organic molecules in the disk, including
thermally desorbed methanol. These findings signal that warm cavities of transition disks provide ideal
targets to directly reconstruct the spatial distribution of water vapor and the snowline location with
ALMA, and directly connect water vapor emission to ice desorption of complex organic species.

arXiv:2512.06439
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Formation of cold giant planets around late M dwarfs via core
accretion and the fate of inner rocky worlds

M. Sanchez!. N. van der Marel!. M. Lambrechts?. S. Paardekooner>. Y. Miguell-4

ABSTRACT

Context. Modeling how cold giant planets form around M dwarfs remains a challenge, both because their protoplanetary disks can
lack sufficient mass and because such planets are expected to migrate inward while interacting with the disk. Moreover, it remains
unknown whether inner rocky planets can survive in systems that host a cold giant around very low-mass stars, which could have
important implications for the habitability of rocky worlds.

Aims. We investigated the conditions required for the formation of giant planets at large orbital distances (1-3 au) around a 0.1 M,
star, and explored the circumstances under which a close-in rocky planet can survive.

Methods. We performed N-body simulations in which planetary embryos grow through pebble accretion, followed by gas accretion
during the disk lifetime. Assuming a local disk turbulent viscosity (@) of 10~*, we included planet—disk interactions throughout the
disk evolution, using a new prescription that accounts for the onset of outward migration when the planet-to-star mass ratio (g) exceeds
0.002.

Results. We find that a cold giant planet can form around a late M dwarf, even with an initial pebble mass of only 6 M, provided the
disk gas mass is 10% of the stellar mass. This outcome requires a compact 20 au disk in which the inner, viscosity-dominated region
has a high gas surface density set by a low accretion viscosity (@, = 107*), that planet—planet collisions assemble a ~5 M, core within
1 Myr, and that the gas disk survives for 10 Myr. In addition, an inner rocky planet can survive in a close-in orbit if it migrates into
the inner disk cavity before the outer body grows into a giant.

Conclusions. The initial dust mass required for giant planet formation around very low-mass stars does not need to be as extreme as
previously thought. A combination of planet-planet collisions, efficient pebble accretion, and a long disk lifetime plays a key role in
enabling the formation of cold giant planets with masses between those of Saturn and Jupiter.

arXiv:2512.00115
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Oxygen Isotope Constraints on the Importance of Photochemical Processing in Protoplanetary Disks

FReD J. CiesLA 2! Eric VAN CLEPPER ,! JENNIFER BERGNER 2,2 AND EDWIN BERGIN (23

ABSTRACT

Observations have revealed evidence of photochemical processing in protoplanetary disks. This
processing occurs in the photon dominated layer, the optically thin regions of the disk high above
the disk midplane. It remains unclear, however, how much this photochemical processing impacts
the compositions of the planets and their building blocks within the disk. Here we use the oxygen
isotopic compositions of Solar System solids, which has been attributed to photochemistry in the solar
nebula, to quantitatively evaluate whether this processing could have produced the conditions needed
to provide the diversity of compositions seen in the Solar System. We do this by modeling the chemical
evolution while fine dust grows into the building blocks of the planets. We find that the oxygen isotopic
evolution cannot be attributed to processing in the solar nebula and must instead be inherited from
the parent molecular cloud. Further, our results indicate that the observed photochemical processing
in protoplanetary disks does not significantly impact the compositions of planets that form within.

arXiv:2512.04944
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