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Evolution of protoplanetary discs and planet formation with magnetically driven
disc winds
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Understanding the impact of disk winds on the evolution of protoplanetary
disks (PPDs) and planet formation is the goal of this study. We demonstrated that ring-gap
structures are created in protoplanetary disks via a global instability through magnetically-driven
disk winds. For further studies with higher-resolution numerical simulations, we are constructing
the framework of a cylindrical shearing box model. We also performed long-time calculations with s
semi-analytical global model and found that the magnetically-driven disk wind plays an substantial
role in the dispersal of the inner gas disk during the early and intermediate stage of the
evolution, while the photoevaporating wind is important at later epochs in the outer disk. When the
gas distribution of PPDs is significantly affected by the disk winds, the inward migration of solid
bodies and protoplanets to the central star can be avoided and the planet formation effectively
proceeds.



()

10 Atacama Large Millimeter Array( ALMA )
1
ALMA
(M
(i)
(M
i)
(
)
@“D @

(Suriano et
al.2019)

(@=>(b)=>(c)=>(d)




t =151 rotation

(Suzuki et al.2019; Suzuki

=
=]
&

-
e
“

i
<,
&

Mass accretion/loss rate [M_/yr]

o i

- —

o T B e
- - [=] (=]

(c)
MDW-dominated <—— PEW dominated |

|_Disk mass

2023 )

(B)22H01263

(Kunitomo et al.2020)

102 16" 160 1(le 162 10*
Radius, r[au] Time [yr] ( )
( )
« )
(Kunitomo et al.2021)
@
‘Wit gas evelution atth6 Inner part of the disk gﬁ;}%@j P,;”ij
l T DAL
disk wind DAL BRI
// /;nvergentflowofdustgrams Zd/zg Z d / / / ﬁ :ET/I/;E%U\T
ST .‘4_. r WA L7 (Taki et
\\\ al.2021), RESBEE)
Ste “——: increases P JEL L P A AR oD
a convex upward St increases g;g%imgﬁi
= gas structure i % BE
24 incre/as'es *—}decreases @Eﬂﬁiﬁﬁc}: 9 %ﬁ%
> DTl o720 . &5
i, BE R0 T8, ARPEIT D 1
PRI, MARSMAN S T ARGy & DBEEIZ LV E T LT
X NEREEY A XOEENERT B0, ShEE 3 &=
IC L DRERMEOHRICL » THECTHEDRVETT 2 0
Ehb, 61T, EROBEE EBITHETEENT LT g 1 05
W, EEREBBPSOICMEST D LVIEDT 4 —F 8
Ny B BERERRESRIAEND (EB),  E ;
W BREN M U L AR E R oEED Ll @ 15
I BERE (RE SHY Thkm) RFAERERE (K& SAY 1000km) o o R P
7R EORERBEROEFEEIC S K& REEE RITT, 10® 10* 10° 106 107 108
A=Y T ORI, MBREETITH DR E R M Time (yr)

(en/)Bo



(Ogihara et al.2018a)

al.2022)
(a) r=0.00 ps (b) 1=10.49 us

(d) 1= 1.48 us. (e) =247 s

( ;Hasegawa et al .2021; 2023)

®

2017

2023 4

(Ogihara et al.2018b)

(Ogihara et

(c)t=0.99 us

(f) = 4.94 s

B O W

““Protostars & Planets 7”

(Pascucci et al.2023)



68 68 17 21

Taki Tetsuo Kuwabara Koh Kobayashi Hiroshi Suzuki Takeru K. 909

New Growth Mechanism of Dust Grains in Protoplanetary Disks with Magnetically Driven Disk Winds 2021

The Astrophysical Journal 75 75

DOl
10.3847/1538-4357/abd79f

Kunitomo Masanobu Ida Shigeru Takeuchi Taku Pani? Olja Miley James M. Suzuki Takeru K. 909

Photoevaporative Dispersal of Protoplanetary Disks around Evolving Intermediate-mass Stars 2021

The Astrophysical Journal 109 109
DOI

10.3847/1538-4357/abdb2a

Hasegawa Yukihiko Suzuki Takeru K. Tanaka Hidekazu Kobayashi Hiroshi Wada Koji 915

Collisional Growth and Fragmentation of Dust Aggregates with Low Mass Ratios. I. Critical 2021
Collision Velocity for Water lIce

The Astrophysical Journal 22 22

DOl
10.3847/1538-4357/abf6ct

Suzuki Takeru K Taki Tetsuo Suriano Scott S 71

Magnetohydrodynamics in a cylindrical shearing box 2019

Publications of the Astronomical Society of Japan id.100
DOI

10.1093/pasj/psz082




Kunitomo Masanobu Suzuki Takeru K Inutsuka Shu-ichiro 492

Dispersal of protoplanetary discs by the combination of magnetically driven and 2020

photoevaporative winds

Monthly Notices of the Royal Astronomical Society 3849 3858
DOl

10.1093/mnras/staa087

Kimura Hiroshi Kunitomo Masanobu Suzuki Takeru K. Robrade Jan Thebault Philippe Mitsuishi 183

Ikuyuki

Hot grain dynamics by electric charging and magnetic trapping in debris disks 2020

Planetary and Space Science

104581 104581

DOl
10.1016/j .pss-2018.07.010

Takasao Shinsuke Tomida Kengo Iwasaki Kazunari Suzuki Takeru K. 857

A Three-dimensional Simulation of a Magnetized Accretion Disk: Fast Funnel Accretion onto a 2018

Weakly Magnetized Star

The Astrophysical Journal 4 4
DOl

10.3847/1538-4357/aab5b3

Ogihara Masahiro Kokubo Eiichiro Suzuki Takeru K. Morbidelli Alessandro 612

Formation of the terrestrial planets in the solar system around 1 au via radial concentration 2018

of planetesimals

Astronomy & Astrophysics L5 L5

DOl
10.1051/0004-6361/201832654




Ogihara Masahiro Kokubo Eiichiro Suzuki Takeru K. Morbidelli Alessandro 615

Formation of close-in super-Earths in evolving protoplanetary disks due to disk winds 2018

Astronomy & Astrophysics A63 AB3
DOl

10.1051/0004-6361/201832720

Suriano Scott S Li Zhi-Yun Krasnopolsky Ruben Suzuki Takeru K Shang Hsien 484

The formation of rings and gaps in wind-launching non-ideal MHD discs: three-dimensional 2018

simulations

Monthly Notices of the Royal Astronomical Society 107 124
DOl

10.1093/mnras/sty3502

Takasao Shinsuke Tomida Kengo Iwasaki Kazunari Suzuki Takeru K. 878

Giant Protostellar Flares: Accretion-driven Accumulation and Reconnection-driven Ejection of 2019

Magnetic Flux in Protostars

The Astrophysical Journal L10 L10
DOl

10.3847/2041-8213/ab22bb

Takasao Shinsuke Suzuki Takeru K. Shibata Kazunari 847

A Theoretical Model of X-Ray Jets from Young Stellar Objects 2017

The Astrophysical Journal 46 46

DOl
10.3847/1538-4357/aa8722




Ogihara Masahiro Kokubo Eiichiro Suzuki Takeru K. Morbidelli Alessandro Crida Aur?lien 608

Effects of global gas flows on type | migration 2017

Astronomy & Astrophysics A74  AT4
DOl

10.1051/0004-6361/201730777

Takasao Shinsuke Tomida Kengo Iwasaki Kazunari Suzuki Takeru K. 857

A Three-dimensional Simulation of a Magnetized Accretion Disk: Fast Funnel Accretion onto a 2018

Weakly Magnetized Star

The Astrophysical Journal 4 4
DOl

10.3847/1538-4357/aab5b3

Ogihara Masahiro Kokubo Eiichiro Suzuki Takeru K. Morbidelli Alessandro 612

Formation of the terrestrial planets in the solar system around 1 au via radial concentration 2018

of planetesimals

Astronomy & Astrophysics L5 L5
DOl

10.1051/0004-6361/201832654

Suzuki Takeru K 70

Stellar winds and coronae of low-mass Population?l1/111 stars 2018

Publications of the Astronomical Society of Japan 34-34

DOl
10.1093/pasj/psy023




Ogihara Masahiro Kokubo Eiichiro Suzuki Takeru K. Morbidelli Alessandro 615
Formation of close-in super-Earths in evolving protoplanetary disks due to disk winds 2018
Astronomy & Astrophysics A63 AB3
DOl
10.1051/0004-6361/201832720
Ogihara Masahiro Kokubo Eiichiro Nakano Ryuunosuke Suzuki Takeru K. 658
Rapid-then-slow migration reproduces mass distribution of TRAPPIST-1 system 2022
Astronomy &amp; Astrophysics A184 A184
DOl
10.1051/0004-6361/202142354
Takasao Shinsuke Tomida Kengo Iwasaki Kazunari Suzuki Takeru K. 941
Three-dimensional Simulations of Magnetospheric Accretion in a T Tauri Star: Accretion and Wind 2022
Structures Just Around the Star
The Astrophysical Journal 73 73
DOl
10.3847/1538-4357/ac9ebl
Kunitomo Masanobu Suzuki Takeru K Inutsuka Shu-ichiro 508
Erratum: Dispersal of protoplanetary discs by the combination of magnetically driven and 2021
photoevaporative winds
Monthly Notices of the Royal Astronomical Society 2492 2492

Dol
10.1093/mnras/stab2748




Suzuki Takeru K. Ogihara Masahiro Morbidelli Alessandro Crida Aur?lien Guillot Tristan 668

Evolution of protoplanetary discs with magnetically driven disc winds (<i>Corrigendum</i>) 2022

Astronomy &amp; Astrophysics Cl1 C1
DOl

10.1051/0004-6361/201628955¢

Takasao Shinsuke Tomida Kengo Iwasaki Kazunari Suzuki Takeru K. 941

Three-dimensional Simulations of Magnetospheric Accretion in a T Tauri Star: Accretion and Wind 2022

Structures Just Around the Star

The Astrophysical Journal 73 73
DOl

10.3847/1538-4357/ac9ebl

Takasao Shinsuke Tomida Kengo Iwasaki Kazunari Suzuki Takeru K. 946

Erratum: “ Three-dimensional Simulations of Magnetospheric Accretion in a T Tauri Star: 2023

Accretion and Wind Structures Just Around the Star” (2022, ApJ, 941, 73)

The Astrophysical Journal 57 57
DOl

10.3847/1538-4357/acc39%b

Hasegawa Yukihiko Suzuki Takeru K. Tanaka Hidekazu Kobayashi Hiroshi Wada Koji 944

Collisional Growth and Fragmentation of Dust Aggregates. Il. Mass Distribution of Icy Fragments 2023

The Astrophysical Journal 38 38

DOl
10.3847/1538-4357/acadda




Shibata S Helled R Kobayashi H

519

Heavy-element accretion by proto-Jupiter in a massive planetesimal disc, revisited 2022

Monthly Notices of the Royal Astronomical Society 1713 1731
DOl

10.1093/mnras/stac3568

Tominaga Ryosuke T. Tanaka Hidekazu Kobayashi Hiroshi Inutsuka Shu-ichiro 940

Nonlinear Outcome of Coagulation Instability in Protoplanetary Disks. Il. Dust-ring Formation 2022

Mediated by Backreaction and Fragmentation

The Astrophysical Journal 152 152
DOl

10.3847/1538-4357/ac97e8

Tominaga Ryosuke T. Kobayashi Hiroshi Inutsuka Shu-ichiro 937

Nonlinear Outcome of Coagulation Instability in Protoplanetary Disks. I. First Numerical Study 2022

of Accelerated Dust Growth and Dust Concentration at Outer Radii

The Astrophysical Journal 21 21
DOl

10.3847/1538-4357/ac82b4

Ohashi Satoshi Nakatani Riouhei Liu Hauyu Baobab Kobayashi Hiroshi Zhang Yichen Hanawa 934

Tomoyuki Sakai Nami

Formation of Dust Clumps with Sub-Jupiter Mass and Cold Shadowed Region in Gravitationally 2022

Unstable Disk around Class 0/1 Protostar in L1527 IRS

The Astrophysical Journal 163 163

DOl
10.3847/1538-4357/ac7%4e




Ohashi Satoshi Kobayashi Hiroshi Sai Jinshi Sakai Nami

933

No Evidence of the Significant Grain Growth but Tentative Discovery of Disk Substructure in a 2022

Disk around the Class | Protostar L1489 IRS

The Astrophysical Journal 23 23
DOl

10.3847/1538-4357/ac6fcf

Tominaga Ryosuke T. [Inutsuka Shu-ichiro Kobayashi Hiroshi 923

Coagulation Instability in Protoplanetary Disks: A Novel Mechanism Connecting Collisional 2021

Growth and Hydrodynamical Clumping of Dust Particles

The Astrophysical Journal 34 34
DOl

10.3847/1538-4357/acl73a

Kobayashi Hiroshi Tanaka Hidekazu 922

Rapid Formation of Gas-giant Planets via Collisional Coagulation from Dust Grains to Planetary 2021

Cores

The Astrophysical Journal 16 16
DOl

10.3847/1538-4357/ac289¢c

Sugiura Keisuke Kobayashi Hiroshi Watanabe Sei-ichiro Genda Hidenori Hyodo Ryuki Inutsuka 365

Shu-ichiro

SPH simulations for shape deformation of rubble-pile asteroids through spinup: The challenge 2021

for making top-shaped asteroids Ryugu and Bennu

Icarus 114505 114505

DOl
10.1016/j . icarus.2021.114505




Okamura Tatsuya Kobayashi Hiroshi 916

The Growth of Protoplanets via the Accretion of Small Bodies in Disks Perturbed by the 2021

Planetary Gravity

The Astrophysical Journal 109 109
DOl

10.3847/1538-4357/ac06c6

Nakatani Riouhei Kobayashi Hiroshi Kuiper Rolf Nomura Hideko Aikawa Yuri 915

Photoevaporation of Grain-depleted Protoplanetary Disks around Intermediate-mass Stars: 2021

Investigating the Possibility of Gas-rich Debris Disks as Protoplanetary Remnants

The Astrophysical Journal 90 90
DOl

10.3847/1538-4357/ac0137

Ohashi Satoshi Kobayashi Hiroshi Nakatani Riouhei Okuzumi Satoshi Tanaka Hidekazu Murakawa 907

Koji Zhang Yichen Liu Hauyu Baobab Sakai Nami

Ring Formation by Coagulation of Dust Aggregates in the Early Phase of Disk Evolution around a 2021

Protostar

The Astrophysical Journal 80 80
DOl

10.3847/1538-4357/abd0fa

Kimura Hiroshi Wada Koji Kobayashi Hiroshi Senshu Hiroki Hirai Takayuki Yoshida Fumi 498

Kobayashi Masanori Hong Peng K Arai Tomoko Ishibashi Ko Yamada Manabu

Is water ice an efficient facilitator for dust coagulation? 2020

Monthly Notices of the Royal Astronomical Society 1801 1813

Dol
10.1093/mnras/staa2467




Morota T. Sugita S. Cho Y. Kanamaru M. Tatsumi E. Sakatani N. . Kobayashi H. et al. 368

Sample collection from asteroid (162173) Ryugu by Hayabusa2: Implications for surface evolution 2020

Science 654 659
DOI

10.1126/science.aaz6306

Sugiura Keisuke Kobayashi Hiroshi Inutsuka Shu-ichiro 181

High-resolution simulations of catastrophic disruptions: Resultant shape distributions 2020

Planetary and Space Science

104807 104807

DOl
10.1016/j .pss-2019.104807

Kobayashi Hiroshi Isoya Kazuhide Sato Yutaro 887

Importance of Giant Impact Ejecta for Orbits of Planets Formed during the Giant Impact Era 2019

The Astrophysical Journal 226 226
DOl

10.3847/1538-4357/ab5307

Higuchi Aya E. Saigo Kazuya Kobayashi Hiroshi lIwasaki Kazunari Momose Munetake Lou Soon 883

Kang Sakai Nami Kunitomo Masanobu Ishihara Daisuke Yamamoto Satoshi

First Subarcsecond Submillimeter-wave [C i]?Image of 49 Ceti with ALMA 2019

The Astrophysical Journal 180 180

DOl
10.3847/1538-4357/ab3d26




Sugiura Keisuke Kobayashi Hiroshi Inutsuka Shu-ichiro 328

Collisional elongation: Possible origin of extremely elongated shape of 11/° Oumuamua 2019

Icarus 14 22
DOl

10.1016/j .icarus.2019.03.014

Sugiura K. Kobayashi H. Inutsuka S. 620

Toward understanding the origin of asteroid geometries 2018

Astronomy &amp; Astrophysics Al167 Al67
DOl

10.1051/0004-6361/201833227

Suetsugu Ryo Tanaka Hidekazu Kobayashi Hiroshi Genda Hidenori 314

Collisional disruption of planetesimals in the gravity regime with iSALE code: Comparison with 2018

SPH code for purely hydrodynamic bodies

Icarus 121 132
DOl

10.1016/j . icarus.2018.05.027

Kobayashi Hiroshi Tanaka Hidekazu 862

From Planetesimal to Planet in Turbulent Disks. Il. Formation of Gas Giant Planets 2018

The Astrophysical Journal 127 127

DOl
10.3847/1538-4357/aacdf5




Kobayashi Masato I N Kobayashi Hiroshi Inutsuka Shu-ichiro Fukui Yasuo 70

Star formation induced by cloud?cloud collisions and galactic giant molecular cloud evolution 2018

Publications of the Astronomical Society of Japan S59 S59
DOl

10.1093/pasj/psy018

Genda Hidenori Fujita Tomoaki Kobayashi Hiroshi Tanaka Hidekazu Suetsugu Ryo Abe Yutaka 204

Impact erosion model for gravity-dominated planetesimals 2017

Icarus 234 246
DOl

10.1016/j . icarus.2017.03.009

Ishihara D. Kondo T. Kaneda H. Suzuki T. Nakamichi K. Takaba S. Kobayashi H. Masuda S. 603

Ootsubo T. Pyo J. Onaka T.

A likely detection of a local interplanetary dust cloud passing near the Earth in the AKARI 2017

mid-infrared all-sky map

Astronomy &amp; Astrophysics A82 A82

DOl
10.1051/0004-6361/201628954

4 3 4

Suzuki, Takeru K.

MHD in a Cylindrical Shearing Box

Turbulence and Structure Formation in Protoplanetary Disks 2019

2019




Suzuki, Takeru K.

Magnetohydrodyamics (MHD) in a Cylindrical Shearing Box

14TH ASIA-PACIFIC PHYSICS CONFERENCE

2019

Suzuki, Takeru K.

Magnetic Activity in the Galactic Centre Region

2nd Asia-Pacic Conference on Plasma Physics (AAPPS-DPP2018)

2018

Suzuki, Takeru K.

Roles of dv in Alfvenic wave-driven solar wind

Growth of Small Scales in the Corona and Solar Wind 2021(Online Conference)

2021

2020

216




2020

188

web
https://ea.c.u-tokyo.ac.jp/astro/Members/stakeru/

http://ea.c.u-tokyo.ac.jp/astro/Members/stakeru/

ea.c.u-tokyo.ac.jp/astro/Members/stakeru

(KOBAYASHI Hiroshi)

(40422761) (13901)




