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3D GLOBAL PLANET-DISK SIMULATIONS

NC, Chiang, Fung, & Zhu 23
min(rB, rH, h) resolved with 643 cells
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NC, Chiang, Fung, & Zhu 23
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Test spin-down 
by magnetic disk braking

Bryan+ 18

Batygin 18, Ginzburg & Chiang 19

Bdipole
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thermal infrared from interior

Accretion infall 


, Ly  from shockHα α

INFALL vff ∼ 40 km/s

HEATED ATMOSPHERE

Pshock ∼ 0.01 − 1 millibar

ACCRETIONALLY HEATED ATMOSPHERES
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The heated atmosphere

of YSES 1b 

Zhang+ 24

NC & Gao  in prep

e.g. Guillot 2010

Radiative transfer with radmc3d

radiative-

convective boundary
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∼ 1 MJ/Myr

NC & Chiang 22

NC, Chiang, Fung, & Zhu 23

NC & Chiang 25

SUPPLY-LIMITED ACCRETION IN PDS 70

HEATED  
ATMOSPHERE

CPD

max ·Mp ∼ rHillh × (3/2)ΩrHill × ρgas

Accretion rate from hydro

∼ Mp/tage

> 20RJ
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∼ 0.1RHill(Bdipole > 200 G)

Circumplanetary disk from SED

cf. 100x lower  from H  

e.g. Haffert+ 19

·Mp α

NC & Chiang 25NC & Chiang 2025

PDS 70c SED for max ·Mp

from ALMA
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Dai+ (incl. NC) 2024
Destabilization of resonances

Period ratio  
statistics

RESONANCES AS  
SIGNPOSTS OF  

SUPER-EARTH ASSEMBLY 

TTV phases 

NC & Chiang 2020

Li, Chiang, NC, & Dai 2025

NC & Chiang 2023

NC+ in prep
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EXTRA SLIDES
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Bethune & Rafikov 19

HOW FAST DO PLANETS ACCRETE GAS?

Lee 19
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HOW FAST DO PLANETS ACCRETE GAS?
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3D isothermal,

sink


shearing box
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Bate+ 03, Bethúne & Rafikov+ 19
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C18O (2 → 1)

13CO (1 → 0)

ΣH2
= XCONCO

NCO ∼ Xiso
kB

νSd2

Q
gJ

eEu/kBTIνΔv

e.g. Mangum & Shirley 15

Use optically thin 
CO isotopologues 

to estimate gap depth

Zhang+ 21
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10.01 100

tage ∼ 1 − 10 Myr
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 planets accrete below 
theoretical max by ~10-100x

∴

from 

gap-fitting 


(Zhang+ 18,

Dong & Fung 18)

min(tdouble) ≡
Mp

·Minflow

new scalings

+ gap densities from CO

NC & Chiang 22, NC+ 23
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thermal infrared from interior

Accretion infall 


Ly ,  from shockα Hα

INFALL vff ∼ 40 km/s

HYDROSTATIC ATMOSPHERE

Pshock ∼ 0.01 − 1 millibar

ACCRETIONALLY HEATED ATMOSPHERES

e.g. Guillot 2010

Almendros-Abad+ 25

Elevated NIR continuum from an accreting brown dwarf

NC & Gao in prep

Undisturbed
0.01 MJ/Myr

Correlated variability:

 UV/optical lines shock lines 


btw. and accretionary heated atmosphere
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PDS 

PDS 

PDS 70  across the 
spectrum 
two giant planets in a disk gap

near-IR millimeterHα

Haffert+ 19 Haffert+ 19, Wang+ 21 Benisty+ 21

Lbol ∼ 10−4L⊙

·Mp ∼ Lbol4RJ/(G × 3MJ)

mp/tage = 3MJ/5 Myr = 0.6MJ/Myr

∼ 1 MJ/Myr

 max ·Mp ∼ rHillh × (3/2)ΩrHill × ρ
∼ 1 MJ/Myr

⟨ ·Mp⟩ ∼ 3MJ/5 Myr
∼ 0.6 MJ/Myr

(1)

(2)

(1)

NC & Chiang 22, NC+ 23

 

from cavity size, SED,

and dynamical stability

Mp ∼ 1 − 10MJ

(3)
Bae+ 19, Ginzburg & Chiang 19, Toci+ 20, Wang+ 21


