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Fig.1 The eccentricity distributions of solar-like binary
stars with different orbital periods, e/emax stands for relative
eccentricity and the solid lines with different colors represent

the binary stars with different orbital periods (Ig (P/d)).
Three dotted lines denote the eccentricity distributions with

distribution index n = —1,0, 1, respectively. Figure is
adopted from Ref. [45].
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Fig.2 The e-lg(P/d) distribution of solar-like binary stars with different ages, panels (a)—(h) represent binary star sub-samples

with different ages. Left side of the figure represents the young binary stars (with age of a few to hundreds of Myr) and the right

side represents the old binary stars (with age of Gyr), the circularization period CP (d) is labeled in each panel. Figure is
adopted from Ref. [49].
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Fig.4 The n-1g(P/d) distribution of different stars, figure is
adopted from Ref. [45].
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Fig.6 The orbital eccentricities v.s. periods of brown
dwarfs, data are collected from Ref. [57]. The dashed line in
the figure represents Eq. (1).
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Fig.9 The orbital eccentricities-period distribution of

double neutron stars, figure is adopted from Ref. [69].
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Fig. 10 The orbital eccentricities v.s. companion masses
(including M sin¢) of double neutron stars, data were
collected from Ref. [74].
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Fig. 12 The orbital eccentricities distribution of exoplanets.
The data of short-period (P < 10 d, dashed line) exoplanets
are collected from NASA Exoplanet Archive (NEA) on 2022
May 31, the data of close exoplanets (P < 10* d, a < 20 AU,
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the eccentricity distributions with distribution index

n = —1,0, 1, respectively.
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Fig. 14 The orbital eccentricities v.s. periods of exoplanets, the data were collected from NASA Exoplanet Archive on 2022 May
31. The dashed line in the figure represents Eq. (1).

T3 HA, Shins AR ISR F 56 8 1A (s A
1150 d LA P9I /N it & (5 &= /> T-304% Hb Bk i &=
M) ZAMT R, FHIE (0o 26 5 FHH 52 50 S AH O
FHH, BsH R TR /N & RIMTE
(R TE i o - ] R R . P R K R R BRI
WA, A E LSRR NERAE T B RO
R A, ZaHRDN:

0.01

Ecc = —0.0970 5  Ig(Per/d) +0.27051,  (2)

HAEcc AHIIE W03, Per NPLIE A1, Al
X 35k 7 124G A A O R 2 Y A EDR R AR 104
DTS LR L0 AN UL 45 R (RO AL R 22 G ). AH
LT — MR AR AKTE LG, 12K
R I EE 3] 71074 (RIAE10MRINA Hh, 1A% Y
BT A G, XU TR TR N AT
B, HA O - JE SAEAE SO SR ME I AT REPE IR 8 &
TZAERE 5 XA PA S ELAT AR (1) o 22 JA S TR AH 56
PESE M. ZI S B A 3h 2 75T (Angular
Momentum Deficit, AMD)#H# 28N 5] & 1. 1X

s 7N EAT RS BEAT R ARG B AR
B 715 T L, B AT B AT A EAE AR
JREAT B 27 AR A —FER R S,

Small planets

Ecc = alogio(Per) + b
—— Best fit: a= —0.097381, b=0.20+3:3}
p-value: 10~

Per (day)

B 15 /N R R AT SRR (- S 0 43 A e 81

Fig.15 The orbital eccentricities-periods distribution of

small exoplanets in short period!*8"

46-15



64 & x

3

s
&

i 4 34

3.5 WMLRSITEREXR

Z AT BB O R 51T BB AL —
SE M IEARRPEAT 48] il 16, E16H R T
I PRI 2 6 28 ST A2 DAL AR IR 2 L A 0 8-
RS AE. BT EBEE T B BRVIE RN
1742, PRI A AT 2 1 5 R R RE B M sin i385,

MR EATAT LA 2, AT 2R 5 PUE O R SR
EIIEMRRKR, RS/ METEMETET
EEZRINT ZAT R RGP A RIS X xRy
R P4 R AT BB O R 5 RGNITEZ H
PERISRHR, B 24T R RS AT 2P B HUIE O
BN RIMT E ARG IE O F =0 1k).

1.o0p 0 Brown dwar'fs
{ Exoplanets
0.8
> M=30Mg
g
= 0.6
@ “.0 .
(S} ‘.
& e
S o4t 09
S o O 090
o O
o O Caob
0.2 %g Ot
09
¢ %oo !
oxegno §0 0
oolse & B0UEYRYY 7 P

Bl 16 MRkt R R AMT B HUIE 0 26 B (B4 M sin ) B B, Horp RAMT B E K 5 TNASA Exoplanet Archive, ¥ KA (]
H20224F5 H31H; #aE 2 Hi Kk B T 3CHR[57].

Fig.16 The orbital eccentricities v.s. masses (including M sini) of brown dwarfs and exoplanets, exoplanet data is collected
from Exoplanet Archive on 2022 May 31; brown dwarf data is collected from Ref. [57].
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was collected from NASA Exoplanet Archive on 2022 May 31.
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Orbital Eccentricity of Celestial Motion—from Stars to Planets

SHIN Ke-ting'2 AN Dong-sheng’?  XIE Ji-weil'? ZHOU Ji-lin'?

(1 School of Astronomy and Space Science, Nanjing University, Nanjing 210023)
(2 Key Laboratory of Modern Astronomy and Astrophysics, Ministry of Education, Nanjing 210023)

AsstracTt The orbital eccentricity is one of the key parameters to describe the orbit of celestial bodies,
which can provide important clues to reveal their dynamical evolution, and thus help to understand their
formation and evolution processes along with the physical mechanisms behind them. The continuous
improvement of observational technologies enables us to explore the orbit of celestial bodies beyond the
Solar System, i.e., from stellar systems to planetary systems. Focusing on the orbital eccentricity of celestial
bodies, this paper reviews the progress in stellar systems (including the main sequence stars, brown dwarfs,
and compact stars) and planetary systems (including gas-giants, low-mass exoplanets such as “super-
Earth” and “sub-Neptune”), and summarizes several similarities and issues among the investigations of
orbital eccentricity under different scales. Finally, based on the ongoing and future astronomical facilities
and missions, we discuss the future prospect on eccentricity studies of stellar systems, extrasolar planetary
systems and even extrasolar satellite systems.

Key words planets and satellites: formation, planets and satellites: detection, binary star systems,
planetary systems, orbital eccentricity
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