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Fig. 1 The data on the masses of discovered exoplanets and

their corresponding host stars
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Fig. 2 Two-dimensional density distribution maps of protoplanetary disks at different evolving stages. Panels (a), (b) two-
dimensional dust density distribution maps of protoplanetary disks with M, = 0.5My, M, = 0.5M,,, at evolving stages
of 1500 and 8000 cycle. Panels (c), (d) two-dimensional dust density distribution maps of protoplanetary disks with
M. =1.0M,, M, = 1.0M,,, at evolving stages of 2000 and 8000 cycle.
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Fig. 3 Evolution of the surface density of the
protoplanetary disk’s gap over time. Dashed line:
evolutionary curve of the surface density of gap structures in
a protoplanetary disk with M, = 0.5My, M, = 0.5M,,,- Solid
line: evolutionary curve of the surface density of gap
structures in a protoplanetary disk with M, = 1.0M,

M, =1.0Mj,,-
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Fig. 4 The model of numerical simulation. The gray
background particles in the figure are the detection data of
exoplanets. The cubes and stars are the parameter points for
the numerical simulation. The vertical dashed lines indicate
different star masses. Horizontal dashed lines indicate

different planetary masses.
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Table 2 Numerical simulation model

No. M., /Mg M,/ Mjy,, qg=M,/M, No. M. /M, M,/ M;,, q=M,/M,
A-1 0.5 0.01 5.00 x 1072 A-8 0.5 2.0 2.50 x 1074
A-2 0.5 0.016 3.13 x 1072 B-1 1.0 0.01 1.00 x 107!
A-3 0.5 0.03 1.67 x 1072 B-2 1.0 0.03 3.33 x 1072
A-4 0.5 0.05 1.00 x 1072 B-3 1.0 0.1 1.00 x 1072
A-5 0.5 0.3 1.67 x 107* B-4 1.0 0.3 3.33x107?
A-6 0.5 0.5 1.00 x 107 B-5 1.0 1.0 1.00 x 10~*
A-7 0.5 1.0 5.00 x 107 B-6 1.0 5.0 2.00 x 107
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Table 3 Input values for other parameters of the numerical simulation model

Parameter Value Parameter Value
Inner edge 0.5 au Outer edge 20 au
v 0.5 € 0.01
h 0.05 v(w) 107°(a =4 x 107%)

it ————————— 1001
107!
107
=] 1073 =]
o 6l 107
o 10 o
oy | 0
—— M,=0.03M,,
—a— M,=0.05M,,,
107 Jup 108 F
0 20 40 0 20 40 60 80
7/100cycle T/100cycle

5 HUARU VAN R IE. 28 M, = 0.5 M, AFRBEAT BEER. AE: M, = 1.0M, FAFRFET 2B R

Fig. 5 Numerical simulation of gap structure evolution over time. Left: simulation results of different planets’ mass with

M, = 0.5M,. Right: simulation results of planets’ mass with M, = 1.0M,,.

* 4 FRIERRRILER

Table 4 Simulation results of different models

No. Yeap/ 20 T /cycle Gapwidth/au No. Yean/ 20 T /cycle Gapwidth/au
A-1 9.22 x 107! 1600 0.20 A-8 4.40 x 10~* 7000 2.50
A-2 8.26 x 107! 2000 0.30 B-1 9.75 x 107! 1000 0.10
A-3 8.25 x 107! 2100 0.35 B-2 6.29 x 107! 1400 0.20
A4 2.30 x 107! 2300 0.60 B-3 1.11 x 107* 1800 0.60
A-5 9.34 x 1073 3300 1.53 B-4 1.04 x 1072 2200 1.30
A-6 7.49 x 1073 4200 1.68 B-5 6.34 x 1073 3800 1.70
A-7 6.24 x 1074 5000 2.15 B-6 6.05 x 10~* 6000 2.70
4.2 BEHHENEEE H, 1E R 5T 5Bk N (AT B2 A VA 45 R 1R R G T8I

Flo2h 7 BN G Rrhy SE R R RO RE g /. USSR AR R B R AT 2 A R R
X% ST R R B2 W R, TUER, we  FEE N AT 280 AR, 52 RSN,
A PR AR THT %5 B 5 AT R B 2 M AP R RO R, TGS BRI T o )N A 5 R 1A B R, BT
WHEBHSHERBAERR. DTREAERT  WEHBCR . RIEASTHRR, 52 &N, K
0.1 M, ItF, BUAA R & AT B S A F M EAR TR b SER BAT 22 488 ) 2 T 8 PR8N, 47 B2 A8 B AG f,

50-8



66 %

AR HESE: 2L T FARGO3D AT 2 5 J5A7 2 S AR ELAE A AL

5 31

Xt TR R R AT 2, R 5 i B PUE BT
Yoo, 45 K S T S, RID 92 B AR oS 2 T S P DN
RE K6 R 2L

10°F ‘\\‘5@ ) o M.=0.5M
N x M.=1.0M
\“:Q ---M.=0.5M, Zgnp/zo‘xME' 5901
S = M=1.0M, Egap/Zu“M, 12440
1071 E RN
ﬂi . .
W | U
102 LRAN .
1073 .~
TN <
L . . .
102 10! 100
Mp/Mlup
Kl 6 Was AR S R ST R E SR EL B RRR

BALE R, AFRMEEE .
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the figure represent the simulation results and the dashed

lines represent the fitting results.
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Simulation of the Interaction between Planet and Protoplanetary Disk
Based on FARGO3D

FENG Fu-yang LI Zheng-xiang
(School of Physics and Astronomy, Beijing Normal University, Beijing 100875)

AsstracT Since the development of planetary science, more than 5000 exoplanets have been
discovered. Understanding the evolution of protoplanetary disks is essential to clarify the classification
of exoplanets and improve the efficiency of exoplanet detection. At the same time, exoplanet
observations can be used to constrain and examine the physical parameters of the interaction between
the protoplanetary disk and the planet. Therefore, in this paper, the surface density of the
protoplanetary disk is linked to the star mass, combined with the distribution of exoplanet properties,
and the interaction process between planets with different masses and specific protoplanetary disks is
simulated by using the fluid dynamics code FARGO3D. Simulation results show that: (1) there is a
power-law relationship between the relative surface density of the gap structure and the mass of the
planet, and the power-law exponent has a strong correlation with the mass of the star; (2) there is a
power-law relationship between the duration of the gap structure and the mass of the planet, and the
power-law exponent has a weak correlation with the mass of the star; (3) there is a log-linear
relationship between the width of the gap structure and the mass of the planet, and the power-law
exponent has a weak correlation with the mass of the star. That is, the strength of the interaction
between the planet and the protoplanetary disk is not only reflected in the relative surface density of
the gap structure in the stable state, but also in the duration and width of the gap structure.

Key words protoplanetary disks, planet-disk interactions, planet-star interactions, exoplanets,

FARGO3D
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