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Table 1 The stable satellite orbit limits of the solar system planets with satellites

Parameter Earth Mars Jupiter Saturn Uranus Neptune
Ru/km 1471530 982766 50554005 61626814 66785437 115041696
Ru/Re 2.1152 1.4126 72.6664 88.5825 95.9975 165.3611

In(Ru/Rp)  0.7491 0.3455 4.2859 4.4839 4.5643 5.1081
Rg/km 8027 4271 88082 73368 31954 31022
Rr/Ro 0.0115 0.0061 0.1266 0.1055 0.0459 0.0446

In(Rr/Re) —4.4621 —5.0932 —2.0666 —2.2494 —3.0806 —3.1102

?https://nssdc.gsfc.nasa.gov/planetary/factsheet /index.html

3https://www.johnstonsarchive.net/astro/solar_system_orb_dyn_data.html

“https://www.johnstonsarchive.net/astro/solar_system_phys_data.html
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Planet sequence (3 for Earth, 8 for Neptune)
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Fig.1 The distribution of n of the satellites of each solar system planet (the black diamonds). The sold lines represent the n
values calculated using Hill sphere radius (red), the Roche radius for the rigid (blue) and fluid case (purple) of each planet. The

6 characters from E to N represent the 6 solar system planets with satellites from Earth to Neptune.
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Fig.2 The histogram of n and the distribution of e of the satellites of Jupiter, Saturn, Uranus, and Neptune are shown from up

to down, respectively, where the blue symbols represent prograde (inclination angle ¢ < 90°), and the symbols in other colors

represent retrograde (i > 90°) satellites, respectively.

WA IA B8, K R BEAT 21 B2 —BIB K
TATEA. URENH, KRENKHE ZHi#E s
FRERIMAT BN DR RSREYIR, FEKLN
KRR H 7 2 BT B AL LU RCH T
AREFN TR, X e TR U R, HPE R
LS B 122 BRL DA A8 PR R i 3 1 AL SE A% -

11-4

BEARE, ZJEARESIREEHRKIHE S Y BUY R
BRI RECL B H AT QTR T
RO, AT 2 O MmE B A GEX P2 MHEE

YR T, BRI EE AN ak R m TRl S — T
I, HTARRSEEATE BRI R AR, ¥
PR R ER N ERELS DA, SETILEN



65 4

FHELAE: T IEENNUESHOTR PRS0

11

EHAMNER. TR TEFEEN-FHE R L&
K S 1 TR B S i T R I B e AR 8
U T REBURAS I DA ARRE I 5 2 [ B G A T
B ARE BB ILRBUE K 2, o] DUR AR UL
KPRt fERxT L, K RIMTEEREZ L2
b, T RS T SR R A 3 A Y OO0 AT [ RS B
F R ML A R R R T . A, 4
THERHEBZ G, MBATEAEAYEE Q% H
WK, BT B ROZA MM .

FFnl53 A, WE2FRIE AT K B, nfE iz w7 1E
PSS 0 A DL R TR B, 3zt 5 AN £ vk
IATHIFE I ER = 3.46 £0.09F1n = 2.81 4+ 0.03. i
FRE LT AR T BIMH PR (Pasiphae) #2240
R (Ananke) FIN/K JB (Carme) BE, Ji5 5% B A 24 )
TV (Himalia)#E. E2, ER4MEED RIS, 24
o, BORMEAFSRR BRI, rE oz
W, PUBEMIAL165° A, RWATHIE, )5 F R
DEAE0.1-0.22 [7], PUIEMIM28° A f. W 7R,
A BRI 1) PRy 2K, ATREE SR E T/
17 B I/MT B TL 2 S5 i 20 A v vk 2R
B TESEA AR ZER, IR0R8 & 2 b 1 45
FUSL 4 B T REWAATEW NS 1) o0 A, ~FIME 5
WAn = 3.36 + 0.1481n = 2.79 + 0.003, Xf N T
JR M1 LB (Norse) B AT R 44 (Inuit) #E. H5AKE RS
PR, I B B R L O A R AT RIUIE, T
TR EERIFUTHIE. S TilEERE, PIFEAF
EHNEF G, DR TFn = 25310 E, H
FATPEHE KD, GitE AR NAER A
A &R, XA AT N 3.

WEEENE, KHRITE RN KL
BITEHEE 4. b, ARE iz A, St
& TPNEE, EATREIE AR U R O 2R A
A AR, o] DL R 2508 34 TR A 14,

11-5

3 DEHMSHEIEHEFKH

HIX &

B2 T s K & LR BIE S Hn i B 7 B,
TR T R OB A0, A WAL
Asbrdl. Hor, W EARRINT TR, 4RSI
BRI O FAE R BE X B (n > 2)#B K, HR
B K, R HUE S (n < 0) X I8, fh O R AR FZIE
T0. IX WYL, e B AN TR AR AT R AT A
Rk, Bzl 2R3 e, mEE AT B ARUL ) 2
B AR EAT B AL T R

ik — B 5 TR 2 RS B K T Y
TR R, ESREIR T 285K R AR T
S HAY S H B MBS AR B TR
AIE H, PUE RO 2 0 NP, T O 2 A
HOEUE SR O 2. Ff O T EHER > 200X
W, THRE=+=n = 3.03, ¢ = 0812, &£ KT
B ME— B AT AR PR RO T ETEN <
201 X3, JCHAZIR IEAHIE (e < 0.0123)37HE
EBEn < 01X [a].

UG WA ) 5y N34, ImUE m A I UE
A A A R T BRI A ME— AR T —, K
FH R ME— 18 T HUE KRB PR, Hn = —0.67, HuE
A = 156.9°. =M R R EUA 27 (55° < i <
110°)F — A X, MEECHEE, —RIAA
EF)Z K- AEHLH (Lidov-Kozai mechanism )56l
1 9%, AL 2 5 R PUE 13 0 5 TE — AN B
UL AR, AN 5 A 2038 A0 0 v o 36 2 T 119 T 4.
PR, B [T o AR R B AT LA B L
RN/ HBE, T oL 28 389 -3 3500 O BEAS
Wrde /s, PRk, 003 i v 1 2R AN e K R AR e
fHIE.



65 & K X ¥ Wk 1

10 TE s aMars's _eJupiters i 180 N 7
aSaturn'sa Uranus's 160 K- A -
081 ‘ b 140 + PR i
‘ 120 1 b
L e i
0.6 . 100 -
© P ~
0.4t B 80
P 60 " 7
02f f . 40+ L
IR - 20( S ]
0.0 -I 1 ) 1 1 1 h“I ) T 1 1 1 I- o -I .I - 1 “I“AmI““: “AT 1 1 1 I-
5 4 -3-2-1012 3 45 5 -4 -3-2-1012 3 45
n n
3-0 T T T T T T T T T T T T T T T T T T T T T T
101 I~ 7
2571 h
201 R B 0.8 N B
. 15Ff . - i LA ]
) L ae _8 0.6 .,
& 101 ., 1 2 2
5 A A A < 04F s bt J
051 RV . b B R
oof " A4 L 0.2f el i
f At.. N &A::‘;‘ . u “M:. ‘5‘
- ro= . 4 B °
05 AA OO - A A A A evamice -
'1 ,O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 -4 -3-2-1012 3 45 5 -4-3-2-1012 3 45
n n
6 ) T T T T T T T T T = [T T T T T T T T T T T
4 ..
5t e, Y - — » .
ar 1 £ 5t st -
—~ ® .4, A i (]L.) AL
o 3 N D N A
g 1S as le é
No 2F R AA = K] 2 - ;A : ° . -
= o P L eal
8 1 - N A - -E - A A‘ A . ae’
g 0 - * 2 1 n Lo 4 Loaadm
i A 7 [ B N ot 7
§ L Lo i % . ‘
1 =1 o
L
20 " Y ] 5 O0r N 7
3F " g s
'4 1 1 1 1 1 1 1 1 1 1 L '1 1 1 1 1 1 1 1 1 1 1 L
5 4321012 3 45 5 4-3-2-101 2 3 45
n n

Kl 3 KMHATEPEPESH(ROEMPUEGH) MR (LR R, cEE, iR, SEHRER) 5SRESHn MR R, TRGENT
RIS RER T READFATENTE, BARRAL A EfH).
Fig.3 The orbital parameters (eccentricity, inclination angle) and the physical parameters (rotational period, albedo, mass and
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colors represent the moons from different planets, as illustrated in the upper-left panel.
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Fig.4 The rotational-to-orbital period ratio of the solar
system natural satellites against the orbit parameter n. The
different symbols with various colors represent the moons
from different planets, as illustrated in the lower-left of the

figure.
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Table 2 Parameters of exoplanetary systems with candidate moons

Radius Mass Semi-major axis

Name " star  Hill sphere  star  planet satellite planet satellite
/Ro /au /Mo /M /Mg /au /au

WASP-76b-i —-2.10 1.73 0.00193 1.46 0.92 ~0.015  0.033  0.00098

WASP-49b-i —1.65 1.038 0.00209 0.72 0378 ~0.015 0.0379 0.00093

WASP-121b-i —1.42 1.458 0.00166 1.353 1.184¢ ~0.015 0.0254 0.00164

HD189733b-i  —1.21 0.805 0.00235 0.846 1.162 ~0.015 0.031 0.00112

WASP-12b-i —-0.35 1.657 0.00161 1.434 147  0.57-6.4 0.0234 0.00545
Kepler-1708b-i  —0.04 1.117 0.1808 1.088 4.6 <37 1.64 0.005
HD189733b-ii 0.84  0.805 0.00235 0.846  1.162 0.031 0.0087
Kepler-1625b-i  1.01 1.73 0.14896 1.04 11.6 19 0.98 0.022
J1407b-i 4.02 0.93 0.74333 0.9 20 <0.3 3.9 0.24
J1407b-ii 4.06 0.93 0.74333 0.9 20 <0.3 3.9 0.25
J1407b-iii 4.53 0.93 0.74333 0.9 20 <0.3 3.9 0.4

RHEAER R, EXUBARSDEGE 5 5ip

M 8 RER A U TEAT B A RBRZ N, {H/2HD
189733b-ii flTWASP-12b-iff) Lt 2= K fl &5 & K T
ITEMARER, BWE X TR (R AE A7
1E) AT RE L& AL Tl 94T B 51 1l 72, Hah )%
SHNZAE R RAE. R, X PR S TR %
EARAE AR 5 L LR A

KB FAT B BR TKEMG A, HAl oS KATEHL
AR, RETEERAR, el LEBZiMZ
BE. AR X 2 TR f 0 58 — e A0 A A
AEERFLADERTH PN DEREE
JF. 25 R BIRFH 51 S RH 2 P o P 0 3 4t
Bz, A T — A 5T AR LR R 5EENER
A RIOPIES Hn, BILMEEF )50 B2
BUBE B B, RATAEI, & KATERN A
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Statistical Study of the Planetary Satellites in the Framework of
a Planet-irrelevant Orbit Parameter

WANG Ji-fei ~ WANG Wei

(Key Laboratory of Optical Astronomy, National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101)

AsstracT Currently, 285 natural satellites orbiting the eight solar system major planets have been
discovered, exhibiting a wide range of orbital and physical properties. Most previous studies of natural
satellites focus only on satellites of one particular planet, or one satellite group. This paper introduces a
new orbital parameter, denoted as “n”, which is independent of planetary characteristics but dependent
on stellar parameter. It is defined as the natural logarithm of the semi-major axis of the orbit in units
of the solar radius. It is found that moons of the different planets all exhibit a bimodal distribution of n
values, with the majority falling within the n 2 2 range, followed by a smaller number within the n < —1
range, and very few located in the intermediate region. Analysis of satellite physical parameters and orbital
parameters with respect to n reveals common features among satellites of the six major planets. Firstly,
satellites with high orbital eccentricity and inclination tend to have n values around 3.5, and they are
irregular satellites of the giant planets. Secondly, satellites with n values between —1 and 1 are typically
characterized by large volume, high mass, high albedo, and slow rotation rates. In addition, we identified
11 candidate exomoon candidates from the literature and found that massive ones also tend to fall within
the —1 < n < 1 range, with less massive ones in other ranges. These consistent patterns suggest that the
formation mechanisms of satellites in the solar system for different planets and for the potential exomoons
may share similar formation mechanism.

Key words planets and satellites: fundamental parameters, planets and satellites: formation, planets and
satellites: dynamical evolution and stability, protoplanetary disks, exomoon
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