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Mapping the merging zone of late infall in the AB Aur planet-forming system
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High angular resolution evidence of dust traps from deep ALMA Band 3
observations of LkCal3
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Table 6. Constraints on dust traps in the rings of LkCal5.

DSHARP Opacities Ricci’s Opacities

. . — — i B42 B69  BIOI  B42 B69  BIOI
100 08 0.0 =06 =10 25 50 75 100 125 25 50 75 100 125
A [mcned] Radius [au] Radius [au] Wi [a1] 35 40 6.5 35 40 6.5
Table 5. disc morphology properties of the RADMC3D simulations in Figure 10. Wp. max [au] 18 36 36 18 36 36
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@h3_pe (25-125 au) 3.0+0.9 3.7 3.7 3.6
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Fluxpgq (25-125 au) [mly] 0.72 + 0.07 0.08 0.12 0.43 Model 1: @ = 1073, v = 1 ms™1. Model 2: @ = 1074, vgg = I ms™1. Model 3: @ = 1073, e = 10 m s~

Fluxpg (25-125 au) [Jy] 1.22 + 0.24 1.13 1.04 1.45




=

DSHARP & RicCiD X R P ETIILTIIHABES, FRXA MY AXICKELEWVWDDH S
HEREE(£7.6X 104 Msun for DSHARP, 0.3X 10-4 Msun for Ricci
Dust to Gas mass ratiolZ 9 5% &£132& 2500, DSHARP®D /5 A —E

K2 MEACETE E BRI DR D
M o ~ 1073, Ve ~ 10 m/s



Dust coagulation assisted by streaming instability in protoplanetary disks
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ABSTRACT

The streaming instability is a promising mechanism for planetesimal formation. The instability can
rapidly form dense clumps that collapse self-gravitationally, which is efficient for large dust grains
with the Stokes number on the order of 0.1. However, dust growth models predict that collisional
fragmentation prevents dust grains from growing to such sizes. We perform local simulations of the
streaming instability and measure characteristic collision velocities and collision rates of dust grains
based on their trajectories in moderate clumping. The collision velocities are on the order of 0.1 percent
of the sound speed or lower, implying that dust grains can overcome the fragmentation barrier via the
clumping. We also find that the collision rates are appreciably high regardless of the low collision
velocities. Corresponding timescales are on the order of ten Keplerian periods or shorter, suggesting
that dust grains can overcome the drift barrier as well. This streaming-instability-assisted (SI-assisted)
coagulation greatly relaxes the conditions for planetesimal formation as recently implied.
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CORINOS. III. Outflow Shocked Regions of the Low-mass Protostellar Source IRAS 15398-3359 with
JWST and ALMA

Yuki Okopa,b? Yao-LuN Yang,? NeaL J. Evans 11,2 Jaevyeong Kim,? Miawa Jin,>® RoBIN T. GARROD,’
LocaN Francis,® Doua JOHNSTONE,"? CeciLIA CECCARELLL'® CLAUDIO CODELLA,'" !’ CLAIRE J. CHANDLER, 2
SATOSHI YAMAMOTO,® 1 AND Namr Sakar?

ABSTRACT

While molecular outflows have been studied in details with radio interferometry, observations of the
hotter gas in protostellar outflows at a comparable physical scale is often challenging. Combined with
ALMA, JWST allows us to investigate the cold and hot gas with unprecedented spatial resolution and
sensitivity. We present a detailed comparison between the gas distributions probed with ALMA and
JWST in the primary outflow of IRAS 15398—-3359. At 2000 au scale, the southwestern outflow shows
four shell structures in 510 micron continuum, whereas the submillimeter HoCO emission traces two
of the four shells closest to the protostar. Submillimeter emission from CS, CCH, ¢-C3H;, and CH3OH
shows the same two shells, and the >CO emission covers most of the outflow region. SO and SiO only

trace a condensation at the edge of the shell closest to the protostar. None of these lines observed with
ALMA show the outermost shell. At 500 au scale, we find hot Hy gas inside the outflow cavity with
JWST. The derived temperature of Hy is 11474198 K within a 0”5 aperture at the protostar. The
foreground mass column density of dust is (1.4-2.0)x1072 g-cm~2 (Ay=47-66 mag) in the outflow,
using the dust model from Weingartner & Draine (2001). We also find an 8° difference between the
directions toward the [Fe II] knot and the outermost shell in the MIRI image, which may be interpreted |
as the precession of the [Fe II] jet. The dynamical timescale of the [Fe II] knot is 10 yrs, suggesting a
current event.
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Digging into the Interior of Hot Cores with ALMA (DIHCA). V. Deuterium Fractionation of
Methanol
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We have observed the 3 CH3OH 5; — 4; AT, 13CH30H 14; — 13, A—, and CH,DOH 82,6 — 81,7 €o
lines toward 24 high-mass star-forming regions by using Atacama Large Millimeter /submillimeter Array
(ALMA) with an angular resolution of about 0”.3. This resolution corresponds to a linear scale of 400-
1600 au, allowing us to resolve individual cores properly. We detected the 3CH3OH and CH,DOH
emission near the continuum peaks in many of these regions. From the two *CH3;OH lines, we
calculated the temperature toward the }*CH3OH peaks, and confirm that the emission traces hot (>100
K) regions. The N(CH,DOH)/N(*2CH30H) ratio in the observed high-mass star-forming regions is
found to be lower than that in low-mass star-forming regions. We have found no correlation between the
N(CH,DOH)/N (*CH30H) or N(CH,DOH)/N (*2CH30H) ratios and either temperatures or distance
to the sources, and have also found a source-to-source variation in these ratios. Our model calculations
predict that the N(CH,DOH)/N (}2CH30H) ratio in hot cores depends on the duration of the cold
phase; the shorter the cold phase, the lower the deuterium fractionation in the hot cores. We have
suggested that the lower N(CH,DOH)/N (12CH30H) ratio in high-mass star-forming regions compared
to that in low-mass star-forming regions is due to the shorter duration of the cold phase and that the
diversity in the N( CHZDOH) /N(12CH;0H) ratio in high-mass star-forming regions is due to the
diversity in the length of the cold prestellar phase, and not the time that the objects have been in the
hot core phase.
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W Check for updates

Ofthe approximately 25 directly imaged planets to date, all are younger than 500 Myr,
and all but six are younger than 100 Myr (ref.1). Eps Ind A (HD209100, HIP108870) is
aK5V star of roughly solar age (recently derived as 3.7-5.7 Gyr (ref. 2) and 3.5' 92 Gyr
(ref.3)). Along-termradial-velocity trend*® and an astrometric acceleration®’ led to
claims of a giant planet®5? orbiting the nearby star (3.6384 + 0.0013 pc; ref. 10). Here
we reportJWST coronagraphicimages which reveal a giant exoplanet that is consistent
with these radial and astrometric measurements but inconsistent with the previously
claimed planet properties. The new planet has atemperature of approximately 275 K
and is remarkably bright at10.65 and 15.50 pm. Non-detections between 3.5 and

5.0 pmindicate an unknown opacity source in the atmosphere, possibly suggesting
ahigh-metallicity, high carbon-to-oxygen ratio planet. The best-fitting temperature
of the planet is consistent with theoretical thermal evolution models, which were
previously untested at this temperature range. The dataindicate that this is probably
the only giant planet in the system, and therefore we refer toit asb, despiteit having
significantly different orbital properties than the previously claimed planet b.
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Fig.1|Pointsourcedetected inJWST/MIRI coronagraphicimages of Eps
Ind A. The target was observed at10.65and 15.50 pum. Starlight was removed
withRDI. Only the central portion of the field of view is shown. The stellar
positionis marked with an orange star. Abright pointsource was detected in
the upper left corner of theseimages at a projected separation 4.11” (15.0 au at

the distance of EpsInd A). Top scale bar, 2.75”=10.0 au; bottomscalebar,
2”=7.28 au.
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Fig.3|EpsInd Abis consistent with theoretical atmosphere models with
suppressed 3.5-5.0 pm flux. Measured photometry (squares and circles with
uncertainties of 16) and Soupper limits (triangles), compared to out-of-the-box
model spectra®? (coloured lines; circles indicate theintegrated flux foreach
observed filter). Normalized filter profiles are overlaid as grey lines. Planet
radii arescaled to match the measured 15.50 pm photometry, and labels

indicate the temperature 7, surface gravity g, logeddy diffusion coefficient
(log(zz)), log-metallicity ((M/H]), and carbon-to-oxygen ratio (C/0). The ATMO
modelsinclude non-equilibrium (NEQ) chemistry. A high metallicity and
carbon-to-oxygenratio are required to suppress the 3.5-5.0 pm flux to below
the observed upperlimit.
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