EEREMBE, b DRETICEDC
~ T IVERE & FHIE EEZJL%%%TE‘ s
ME%BZMZIS*/ = e T

, E?J’:El, HREZL, AlEER?, W E—AR
1. MEKF
2. EMNRXA

Jinno et al. 2023 in press



A1ms.

We investigated the planet formation process in a protoplanetary disk
with a radial structure using N-body simulations with collisional
fragmentation.
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Results.

[1] Protoplanets grow efficiently in dust rings in terrestrial planet-

forming regions.

HIBRAI SR B R IRIT ICTFET 2R A MU VTN THERE RN ICKE.
[2] The growth processes of the planets are similar for the

fragmentation and the perfect accretion model.

REORR7OCX L, BRFEIETETIVERTEAEETILTHELL TW3S.
[3] The prolonged sweep-up of collision fragments makes about a factor of

two difference in the largest planet mass at the end of the simulation.
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Differences between standard
theory and observations

“PPDs are axisymmetric and
have a smooth structure
in the radial direction”

Strong azimuthal asymmetry in the dust emission
(Muto et al., 2015)

Multiple ring-shaped structure of disks
(Andrews et al., 2018) =

Protoplanetary disks are
full of diversity!




The standard theory does not take into account the diversity of
protoplanetary disks represented by dust rings and asymmetric

dust distributions.

We investigate how planets are formed by considering
pebble accretion at the inner discontinuity boundary (~ 0.6AU) in
a radially structured disk using a planet-forming N-body simulation.
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2.Methods

The gas disk & dust evolution models

Disk model:

One-dimensional stationary a model
Protoplanetary disk
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The Planet-forming region exist b/w [1] and [2]

Positive pressure gradient in radial direction on
turbulent region - Pebbles drift outward
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Dust mass and orbital evolution

in a disk model
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2. Methods
Implementation of N-body simulation
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Gas Drag
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accretion onto the inner dead zone boundary.

Assumptions

[1]Perfect dust filtration
(e.g., Jiang & Ormel, 2023)

[2]Drifting particles
=super particles



(1).
(2).

A brief overview of the model
Velocity of the fragments are set to be 1.05 times the escape velocity of
the combined mass of impactor and target (mjmp + Mear).
The fragments are distributed on a plane spanned by
relative position vector and relative velocity vector of impactor and target.

1.

Set the minimum mass of the fragments:
Mmin = b * Mipit

Large mass forms at the center of mass:
myg = (1— afrag)mimp"' Mear
Fragments form from: agragMimp

(* afrag: Ratio of total fragments mass to impactor mass )

# of fragments:
amimp

Ne =
t Mmin

If ng=0 or 1, perfect accretion is assumed.



Mass [Mg]

Mass [Mg]

[1] The growth process of the largest planet is independent on the

fragmentation effect.
[2] The final masses of the planets differ by a factor of about two, thus

depending on the fragmentation effect.
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[1] # of particles increased by a factor of 2 when b = 1/10.

[2] For b = 1/3, the initial change in # of particles is not much
different from b = 0, but the rate of decrease in # of particles
gradually decreases.
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[1] vqisp Of the system increases on average with time due to the effect of gravitational
scattering (viscous stirring) between particles.

[2] The system is polarized into two groups: the large-mass protoplanets on the right side in

10°

figures and the other is the numerous small-mass planetesimals distributed on the left side.
= Vgisp Of small planetesimals is determined by gravitational scattering by

the large protoplanets, rather than by the effect of energy equipartition

among small planetesimals with different masses due to dynamical friction.
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The cumulative mass distribution

w/o Fragmentation with Fragmentation
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[1] In the early stages of the simulation, the slope of the cumulative mass
distribution becomes shallower the smaller the number of fragments.
[2] When the fragments are formed by collisions, the mass of
the largest-sized planet formed in the simulation decreases.
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We investigated the planet formation
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process in a protoplanetary disk with

)
a radial structure using N-body 005 |
simulations with collisional fragmentation.
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Main Findings are: e

| 1] Protoplanets grow efficiently in dust rings in terrestrial planet-
forming regions.
HIBK AR E B ICTFET 24X A MY Y IATHRE TN ICHEER.
[2] The growth processes of the planets are similar for the
fragmentation and the perfect accretion model.
HEDOREBREIL, FRBIRET IV ERLSAFETILTEBL TW3.
[3] The prolonged sweep-up of collision fragments makes about a factor of

two difference in the largest planet mass at the end of the simulation.
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