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Puffed-up Inner Rings and Razor-thin Outer Rings in Structured Protoplanetary Disks
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ABSTRACT

The vertical distribution of pebbles in protoplanetary disks is a fundamental property influencing planet for-
mation, from dust aggregation to the assembly of planetary cores. In the outer region of protoplanetary disks,
the intensity of the optically thin but geometrically thick dust ring decreases along the minor axis due to re-
duced line-of-sight optical depth. Multi-ring disks thus provide an excellent opportunity to study the radial
variation of the vertical properties of dust. We investigate the vertical dust distribution in 6 protoplanetary disks
with resolved double rings, using high-resolution ALMA Band 6 continuum observations. By modeling the
azimuthal intensity variations in these rings, we constrain the dust scale heights for each ring. Our results reveal
a dichotomy: inner rings exhibit puffed-up dust layers with heights comparable to the gas scale height, while
outer rings are significantly more settled, with dust scale heights less than 20% of the gas scale height. This
suggests a radial dependence in dust settling efficiency within the disks, potentially driven by localized planetary
interactions or the global radial dependence of the Vertical Shear Instability (VSI). We discuss the implications
of these findings for dust trapping, planet formation, and protoplanetary disk evolution. Our work highlights the
importance of vertical dust distribution in understanding the early stages of planet formation and suggests that
outer (> 80 au), settled rings are preferred sites for planet formation over inner (< 80 au), turbulent rings.
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N N Target M, [Mz] L.[Ls] d[pc] PA[deg] i[deg] Ax[mas] Ay[mas] 6peam [mas] o [K] | References
:I: N
Band 6 x&E K B &R 1 2 3 4 5 6 7 8 9 10) | (11
(1) (2) 3) “4) &) (6) (7 3 ®) (10) | A1)
AS 209 0.8 1.4 121.2 85.2 34.5 -0.2 -0.3 38 x 36 029 |ILIV
AA Tau 0.8 0.8 134.7 93.3 60.6 -0.9 8.1 68 x 61 0.11 |1
V1094 Sco 0.8 1.7 154.8 109.0 55.2 3.5 7.6 96 x 74 0.08 | III
LkCa 15 1.2 1.1 157.2 61.9 50.2 -2.8 25 50 x50 0.09 | VI
GM Aur 1.3 1.4 158.1 57.2 53.2 -3.5 -4.3 45x 25 015 |V
HD 163296 2.0 17 101.0 133.3 46.7 -6.3 10.0 48 x 38 029 |ILIV
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Figure 2. Top: Observed continuum with masking applied to the ring regions where the flux exceeds half the peak intensity of the ring

Middle: The best-fit model with the same masking applied. Bottom: Residual map obtained by subtracting the model from the observations.
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Table 3. Summary of obtained vertical dust settling coefficients.
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Inner Ring Outer Ring C
Target H;[au] H, [au] Hgfaing [au] Hco [au] a,/St Hylau] Hg[au] Hgasing [au] Hgco [au] . /St
(1) | @ 3) “@ (©) (6) (M (®)
AS 209 <038 5.7 5.7 7.4 <2x10? | <08 105 10.3 14.4 <6x107 | -
AA Tau <04 3.1 2.7 - <2x102| <08 6.2 7.0 - <2x107? -
V1094 Sco | 3.7°9% 115 13.0 - 1x107" | <43 212 24.8 - <4x1072 | >3
LkCa 15 1593 50 4.0 5.0 9%x107* | <06 6.8 6.5 8.3 <8x107 | > 12
GM Aur 1.6'3 25 1.9 1.8 4x10" | <05 6.2 5.1 6.1 <7x107 | > 63
HD 163296 | 3.0'01 4.4 4.3 3.9 5x107" | <07 6.4 7.0 6.8 <1x1072 | > 38

Note— (1) Target name; (2, 5) Dust scale heights; (3, 6) Gas scale heights, see note below; (4, 7) Dust settling coefficient calculated based on
a1 Sty

Eq. (6); (8) Ratio of the settling coefficient (4) over (7), C = 2 S

AU > 7 D BRI R —IL/NA FHgh . Z R b X7 —b/nA FH D20%F2E
— a,/St <0.01. St=0.01-0.1¢£94 % &, a,<104-103
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Asymmetric radiation in binary systems: Implications for disk
evolution and chemistry

Pedro P. Poblete!, Nicolds Cuello!, Antoine Alaguero!, Daniel J. Price? !, Eleonora Bianchi3, Christophe Pinte!, and
Frangois Menard!.

E%Eﬁ_ﬁ [/ 7LC Eﬁ 9'_'% ABSTRACT

Context. Current models of binary systems often depend on simplified approximations of the radiation field, which are unlikely to
accurately capture the complexities of asymmetric environments.

Aims. We investigate the dynamical and chemical implications of a 3D asymmetric radiation field that accounts for the optical
properties of sub-structures present in a protoplanetary disk, as well as the inclusion of a secondary radiation source in binary systems.
Methods. We conducted a series of 3D-SPH hydrodynamical simulations using Phantom, coupled with the 3D Monte Carlo radiative
transfer code Mcfost, to compute disc temperatures on-the-fly. We explored different binary-disk orientations (0° and 30°) for an
eccentric binary, along with a constant dust-to-gas ratio and dust as a mixture prescription. We also simulated an outburst event as an
example of a drastic increase in luminosity.

Results. Heating from the secondary star inflates the outer disk, increasing the aspect ratio facing the companion by about 25% in
inclined configurations compared to 10% in coplanar ones. Dust settling in the mid-plane enhances extinction along the disk plane,
making the coplanar configuration cooler than the inclined one on the side of the disk facing the companion. Additional heating
causes a shift in the snow line for species with freeze-out temperatures below 50 K, depending on the disk-binary inclination and
binary phase. During outbursts, the aspect ratio doubles on the star-facing side and increases by 50% on the opposite side in inclined
cases. The snow line shift would impact all the species considered in the outburst case.

Conclusions. Protoplanetary disk heating in binary systems depends on stellar properties, the binary phase, and disk local and global
characteristics. This results in temperature asymmetries, especially during secondary star outbursts, leading to variations in aspect
ratio and snow lines that can affect chemistry and planet formation.

Key words. Hydrodynamics — Radiative transfer — Protoplanetary disks — Methods: numerical — (Stars:) binaries: general —
Astrochemistry
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r\ " Fmin Dumpfile initialized
() = X (g) (1 N\, )(¥1 — exp{r — rmax}), (6) as an isothermal disk
outc;rtapcr (t=0)
r\
I'(r) = To (—) , (7) _
o { } Dumpfile with
Phantom updated particles’
J read by features
l produces
Update __no__ | Solve the equation
‘) .
Table 2: Disk parameters utilized in constructing the simulation. o i of motion
"yes used to
Gaseous disk Dusty disk X
_ _ Temperature map
Name Unit Value  Name Unit Value { Mcfost } every A,
20 g cm2 102 20, dust g cm2 1.0
To K 1279  p gcem™? 3.0 computes
Fmin au 1:25 51 mm 0.2 Stell
Tonaix au 12.5 52 mm 1.0 needs tellar spectra,
- o 50 i i A6 stellar radius, and
P _ 1.0 Stl 10—2 0.2 dust distribution
. -2
E2 02 g:i ig_z ;i Fig. 1: Flowchart illustrating the coupling between the SPH code

Phantom and the radiative transfer code Mcfost. An ellipse repre-
sents the initial process, the main processes are shown in rectan-
gles, and the decision node is depicted as a diamond.
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Fig. 2: Temperature distributions of SPH particles (in the Phantom dumpfile) in the CSD are shown in the r’—z plane for three
heating scenarios: (top) vertically isothermal; (middle) irradiation from the primary star only; and (bottom) irradiation from both
stars. These correspond to the Iso-Bin-ql, OS-Bin-ql, and Bin-ql simulations, respectively. The left and right columns show the
simulation’s initial and final states. A black star marks the primary star’s position, while a black arrow points to the secondary star.
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Fig. 5: Column density maps of circumstellar disks in coplanar (left) and inclined (right) binary systems at the apocentre (top) and
pericentre (bottom), viewed face-on with respect to the circumprimary disk in Bin-ql. The evolutionary time at the pericentre and
apocentre corresponds to 9.5 and 10 binary orbits, respectively. Contours depict approximate density-weighted average temperatures
along the line of sight for the H,O (white), NH3 (cyan), and CO; (black) snow lines at 130 K, 80 K, and 50 K, respectively. The
green area represents temperatures below 30 K, visible only in the lower-left panel for these configurations, which traces the CO
and N, snowlines. 11
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resents temperatures below 30 K. The upper and middle rows illustrate the disk morphology of Bin-q05 at apocentre and pericentre,
respectively. The bottom row depicts the same evolutionary time shown in the middle row, but for the outbursting companion star:
FU-Bin-q05. The secondary star is not depicted for easy visualization of its circumstellar disk.
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BOWIE-ALIGN: Weak spectral features in KELT-7b’s JWST
NIRSpec/G395H transmission spectrum imply a high cloud deck or a
low-metallicity atmosphere

Eva-Maria Ahrer *'*, Charlotte Fairman" -2, James Kirk -, Hannah R. Wakeford -2, Joanna K. Barstow?,
Anna B. T. Penzlin’-3, Lili Alderson °, Richard A. Booth -7, Duncan A. Christie!,

Alastair B. Claringbold®°, Emma Esparza-Borges -'%!!, Carlos Gascén -!2, Mercedes Lépez-Morales 13,
N.J. Mayne“, Mason McCormack !>, Annabella Meech 12, Paul Molliére !, James E. Owen >1¢,
Vatsal Panwar 4.9 Denis E. Sergeev 2 Daniel Valentine 2, Peter J. Wheatley 8.9 Maria Zamyatina 14
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ABSTRACT

Hot Jupiters and their atmospheres are prime targets for transmission spectroscopy due to their extended atmospheres and the
corresponding large signal-to-noise, providing the best possible constraints for the atmospheric carbon-to-oxygen (C/O) ratio
and metallicity of exoplanets. Within BOWIE-ALIGN, we aim to compare JWST spectra of a sample of orbitally aligned and
misaligned hot Jupiters orbiting F-type stars to probe the link between hot Jupiter atmospheres and planet formation history.
Here, we present a near-infrared transmission spectrum of the aligned planet KELT-7b using one transit observed with JWST
NIRSpec/G395H. We find weak features, only tentative evidence for H;O and CO; in the atmosphere of KELT-7b. This poses a
challenge to constrain the atmospheric properties of KELT-7b and two possible scenarios emerge from equilibrium chemistry and
free chemistry retrievals: a high-altitude cloud deck muting all features or an extremely low metallicity atmosphere, respectively.
The retrieved C/O ratios from our data reductions range from 0.43 — 0.74, while the atmospheric metallicity is suggested to be
solar to super-solar (1 — 16X solar). Although these wide constraints prevent detailed conclusions about KELT-7b’s formation
history, a solar-to-super-solar metallicity would imply the accretion of solid material during its formation, which is valuable
information for the survey’s wider goals of understanding the relative importance of gaseous to solid accretion.

Key words: exoplanets — planets and satellites: atmospheres — planets and satellites: gaseous planets — planets and satellites:
individual: KELT-7b
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Table 1. Stellar and planetary parameters for the KELT-7 planetary system.
References are as follows: [1] Bieryla et al. (2015), [2,3] Cannon & Pickering
(1918, 1993), [4] Stassun et al. (2017), [5] Gaia Collaboration et al. (Gaia
DR3, 2023), [6] Andrae et al. (Gaia DR3 GSP-Phot, 2023), [7] Bieryla et al.
(2015), [8] Patel & Espinoza (2022), [9] Tabernero et al. (2022).

Parameter Value Ref.
Spectral type F/F2 [1/2, 3]
Effective Temperature, Tef (K) 6768 +7 4]
Age (Gyr) 1.3+0.2 [1]
Surface gravity, log g (logio(cm/s?)) 4.149 + 0.019 [1]
Metallicity [Fe/H] (dex) 0:139*0.0% (1]
Stellar Mass, M= (Mg) 1.76 £ 0.25 [4]
Stellar Radius, R+ (Rg) 1.768+0.002 [5,6]
Planetary Mass, My (Myup) 1.39 +0.22 [4]
Planetary Radius, Rp (Ryup) 1.60 + 0.06 [4]
Equ. Temperature, Teq (K) 2048 + 27 (7]
Orbital period, P (days) 2.7347703*00000%0  [8]
Obliquity, A (degrees) -10.55 +0.27° [9]
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Figure 4. Top: KELT-7b’s transmission spectrum using JWST’s NIRSpec/G395H and three independent reductions Eureka!, Tiberius and ExoTiC-JEDI,
in two resolutions R=100 (left) and R=400 (right). Bottom: We find offsets between the reductions likely due to the small number of groups/integrations and

mirror tilt event. The differences are shown here relative to the Eureka! reduction and horizontal lines are indicated at 0, +50, +100 ppm, which are typical
ranges of offsets found by retrievals.
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Figure 5. NIRSpec/G395H transmission spectrum of KELT-7b using
Eureka! R=400 (black points) compared to the best-fit equilibrium (orange-
dashed line) and free chemistry (magenta solid line) model using pRT. The
molecular contributions from H,O (blue, dotted), CO; (purple, dotted), CO
(red, dotted) to the retrieved spectrum from the best-fit equilibrium chemistry
model are shown, as well as the gray cloud-deck (light gray).
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