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<+ Ariel mission -> exoplanetary atmosphere affected
by disk gas composition, C/O ratio

« Disk chemical composition is set by disk
temperature

<+ Gaps are observed by ALMA observations

« @Gaps suggest young planets

< Our goal: How planet gap opening feedback affects
disk temperature and further changes icelines, C/O
ratio ...

(—weaq Afw) %



—— Background: previous work

% Previous paper Chen+ 2024
Monthly Notices

MNRAS 527, 2049-2064 (2024) https://doi.org/10.1093/mnras/stad3247
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¢ Develop a new iterative HD+MCRT modeling

¢ Gaps induced by giant planets can significantly alter disk temperature
% Complicate locations and numbers of ice lines, as well as C/O ratio

* However, in this paper, we did not include dust though different species of dust distribution, opacity can
affect disk temperature strongly. Also, we did not vary alpha viscosities.



parameters values

M, 3Mj, 100Mg, 10Mg < Codes: FARGO3D (Benitez-Llambay & Masset 2016)
ailpm] 0.1,2.2, 46, 1000 and RADMC3D (Dullemond+ 2012)
ro = rp [aul 4 10 30
« (for 100Mg) 10-2,1073,10~%
species

2D (1, @), gas, Surface density,
isothermal HD run temperature
100 orbits

Feed T(r) as the
new gas energy
to FARGO3D

and iterate it

Consider
variations of Dust
the disk settling,

dust
opacities

scale height

Dust surface
area averaged

T(r, 9,2)



—— Method: example

» Planet and disk interactions
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—— Results: density

< Surface density of 100Mg @ 10au over 2000 orbits

< Gaps and rings of gas and four dust species, 0.1 micron ~ Tmm
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—— Results: temperature & Tau=1 surfaces

< T at gaps (induced by 100 Mgy @ 10au over 2000 orbits) increases by several tens of Kelvin
< Vertical T cut of Model D is hotter in most of the disk regions

% Tniq is relatively similar
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—— Results: ring temperature and ice distribution

< T at the dust ring decreases by a few K
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<+ Midplane ice distribution is similar
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—— Results: dust mixing affected by viscosity in a smooth disk

<+ Temperature and ice distribution of a non-planet disk with different viscosities
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» Higher alpha, higher T,,,;4

» Note that we only include stellar radiation
in MCRT, no viscous heating



Results: viscosity affect in a disk with planet gap-opening
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“* We compare our new model, which includes gas and

multiple dust components (Model D), with our previous gas-

only model (Model G) in terms of disk density and
temperature structure.

“* We investigate how different turbulent viscosities affect
Model D.

Implications

» QGas and dust gaps and rings induced by planets can alter
disk temperature, especially a deep gap can enhance disk
temperature by several tens of Kelvin.

» The midplane ice distribution is relatively similar between
two models.

» No simple correlation between viscosity and gap
temperature.

» CO ice sublimation due to hot gap may be detectable in
intensity map with ALMA.
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Comparison of Model D and Model G for 100M 4 at 10au
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Figure 6. Miplane (solid) and sublimation (dashed) temperature profiles of
differemt M, at r, = 30 au of Model D
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