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Fig.1 Above: Distribution of orbital inclination of detected

exoplanets; Below: Distribution of eccentricity of exoplanets

detected by radial velocity method. The solid line (Kipl3) is

the probability density curve of the eccentricity®. The data
came from NASA Exoplanet Archive.
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Table 1 Pfrilmi?e%‘i%f% (?H%ZES mission %0 = % 1 ’ 2)
v/ Nptuis
Parameter Value
Fiold of view 0.44° % 0.44° AP DCHES E4 F42, XN TAEREK700 nm, N,
Number of reforonce strs 6.5 S 8 ) R B T T, s, 9

&), % T —Ri134 f2, CHESTR &8 Filit 42 hiE

Mission duration 5yr - v s ve o
Number of observations 30-200 5, WE %¥ﬁj\j}6 X 10°. BT LR 2o,
TR 25 12 e AR ZE oo S M B I 3 1 45 A 7T e A7
Aperture 12m 75 19 F o 6 19 0 3 A2 23, 5 34 40,36 as,
Exposure time 0.5-2h 0.74 ua850.24 uas[m]. BRI B R ool ik %
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*2 HEWERZRYKE
Table 2 Coefficients of habitable zone models!?®!

Model Seffe Qko bko Cko dko
Runaway g 407 1332 x 1074 158 x 107%  —8.308 x 10712 —1.931 x 10719
Greenhouse
Maximum = 556 6171 x 1075 1.698 x 1070 —3.198 x 10712 —5.575 x 10719
Greenhouse
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g = e K 3 L: Alpha Centauri AFJIREMEN G ML, T: Alpha
Orbital Period / d Centauri AZRIERZ. FRAPATT A _ERHLE -5 2.
2 Alpha Centauri AFBR AN ESEOLS. BICH Wik, Fig.3 Above: The astrometric curve of Alpha Centauri A;
WITEAE298 dZE AT I FE S = Below: The astrometric curve and residuals of Alpha

Centauri A in RA and DEC.
Fig.2 LS periodogram and BIC periodogram of Alpha

Centauri A. A 298-day period exists in the periodogram.
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7300, HAh S5 B —50. ek, KESHENE RELHER 10 G S, IR WA RGP
SHREESION0.3 pas. 496 pas, AN\ BRI R 2 TE AT B, DABICR A RE 0L A 45 RN e 56, it
1 pas (fB BRI A]2 h). Xk R 887 AR SR i fTMCMCH.Keplerfil 4.
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% 3 Alpha Centauri AbHIHIEESH
Table 3 The fitting parameters of Alpha

Centauri Ab

True Value Fitted Value o
M, /Mg, 3.0 2.91 0.10
P/d 300.0 300.2 0.99
Q/° 50.0 54.6 5.05
w/° 120.0 121.4 12.66
My/° 110.0 107.5 20.52
e 0.100 0.102 0.0265
i/° 45.6 43.9 3.97
a/pas’ 5.63 5.47 \

" a is calculated by Eq.(1), has no fitting error.
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Fig.4 The LS and BIC periodogram of the astrometric data
of the simulation solar system, the right y-axis represents
logarithmic value of BIC, and the BIC periodogram have a

periodic signal about 4418 d.

T HLBR ()45 5 9 B A LU AR B 3k 3055, Wik
A FRME TR EIE SR, 0T DLUR I 2
KA. (5)UT LA H, Mok,
B A MEQ SwiEir T-90°5270° K, Thiele-InnestR
O Wl BUR, RE YRGS
M Z 8O & o3 BAH, (HUIEE~10 past)
K& IR 2. TR A PA Thiele-InnestR BN 48 &

PAIMCMCHL A &5 R AWIME, K H Nelder-Mead 5%
X R AT 2 B /MBS, B HH Thiele-InnestR 28
S fi# 43 B Kepler LB MR 2L, &G &5 RAERAT 4
W, KPR FEE, S0, w5M2f, HE2H
THRB RO HUEE R, RAGH T HRMIUE
TERBREE R, REFXESHMEHE S BH
ZE PR R (H 5 AT DL R R B IR A 45 2 1
Bl 25 KRB/ T, BN R AR & A5 5 520 5K
HiKepler J7 L& 45 R a0 EI6 T

T T
RA:Nelder-Mead |

20+ ——
RA:MCMC
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o 15 1
3 —+— DEC:MCMC
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i
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Fig.5 Residuals from MCMC and Nelder-Mead fitting

F 4 BKepleril&2H
Table 4 Parameters from single Kepler fitting

True Value MCMC Nelder-Mead o
M,/Mg — 317.828  317.775  317.742  0.062
P/yr 11.872  11.868 11.868 0.026
Q/° 100.492  100.546  100.617 2.88
w/° 275.0663  272.456  274.687 1.87
Mo/° 18.7767  18.575 18.7767 1.54
e 0.04877  0.04848  0.04848  0.018
i/° 31.305  31.3157  31.2923  13.77
a/uas’  496.18  496.01 495.96 \
bVAN 34.334  31.577 34.081 \

* « is calculated by Eq.(1), A = w~+Q+ My, has no fitting

error.
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Table 5 Parameters from double Kepler fitting
Earth Jupiter
True Value Fitted Value o True Value Fit Value o
M,/ Mg 1.00 0.913 0.38 317.828 317.818 0.18
P/yr 1.00 1.004 0.006 11.868 11.867 0.0075
Q/° 163.975 85.121 4.0 100.492 100.519 0.45
w/° 297.767 181.214 9.5 275.066 274.658 0.51
My/° 358.189 156.670 9.0 18.777 18.434 0.42
e 0.01704 0.0555 0.050 0.0485 0.0486 0.0022
i/° 30.0003 20.638 74 31.305 31.289 0.24
a/uas’ 0.300 0.275 \ 496.18 496.05 \
YA 99.931 63.005 \ 34.334 33.611 \
* a is calculated by Eq. (1), A = w + Q 4+ M, has no fitting error.
3.3 AKREREHINE: 51 Peg b RERGE 9, B0 g . KRV BN

P T T3 v R BR ), VF 22 AT B I LS i
IR ARFNI, 456 RN E T 7] DRI RAT A
1 SR R R S PUE A B Bl R BT AT
ASLLAS1 Peg bR E B 18 A 40 In) 3 FE 5 R AR
EWMITERINGEST 2 E. 51 Peg NG F P2,
PR B K BH R 2915.45 pe, HJE FI51 Peg big — i
PR, HUE 2142 d, H/NREZIN150 Mg,
Martins%5 Al 73 56 i 25 S 5L, 4
H51 Peg bAHUIE G Fv80° 1016, T H aif ik
MR 51 PegfrfEBe B ILG, AR ESL Peg
b LI 5 960°. 51 PegfE #1147 36 Bl 9 1 £E9
1000 pcLAAM 2% B, [ {E ACHESH 1T 551
L H A,

FERSEAAL I ) %51 Peg?E10 d P #E4T 3070 W
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i 02 Z2 S5 938 2 400K B T California Legacy Sur-
vey P4, B I FT AR 7 BRI A, 45 G Lick
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Table 6 The fitting parameters of 51 Peg b

True Value Fitted Value o

M,/ Mg 169.74 168.21 2.831

P/d 4.23 4.231 0.068

w/® 103.4 114.45 21.011

Q/° 50.7 53.28 3.880

Mo/° 300.80 313.20 20.799

e 0.0042 0.0198 0.0205

i/° 60.0 59.42 2.792

RVo/(m-s™1)  —21.70 —22.51 3.31

a/pas” 1.61 1.60 \
K/(m-s™1)" 55.56 54.75 \

" a (K) is calculated by Eq. (1) (Eq. (13)), has no fittin
(K) y Eq a ; g

€error.
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Fig.10 The normalized radial velocity curve of 51 Peg
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I e f&;\ 0 D’ﬂ\K 03 Table 7 The fitting parameters of Cyg X-1
@\/ 5 :\3_% [¢ ;\;\S\O/‘/i True Value Fitted Value o
! T 'l Myn/ Mo 21.2 21.13 3.30
P/d 5.60 5.58 1.39
Q/° 306.6 306.9 29.86
":'::l;===:=_ w/® 60.0 60.12 45.18
My/° 100.0 101.24 30.38

e 0.0189 0.0197 0.055

K19 E:51 PegfyRICMER G ML, T 51 PeglR%. AP i/° 2751 27.70 0.27
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Fig.9 Above: The astrometric curve of 51 Peg; Below: The

astrometric curve and residuals of 51 Peg in RA and DEC. a is calculated by Eq.(1), has no fitting error.
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Fig.11 Above: The astrometric curve of HD 226868; Below:
The astrometric curve and residuals of HD 226868 in RA
and DEC.
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Table 8 Chi0Ol1 Ori and reference stars

Star Distance/pc ~ V Mag
ChiO1 Ori 8.8699 4.4

Ref 1 929.0667303  9.933402
Ref 2 959.6461767 10.161454
Ref 3 1102.977308  11.349647
Ref 4 1272.385723  11.685939
Ref 5 1407.067816  11.716809
Ref 6 1411.390742  11.593016
Ref 7 1481.379577  11.515642
Ref 8 1483.578593  11.277475

U AES yo N RN, Z2HE AT S AT R
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Observation Simulation and Orbital Retrieval of the CHES
Satellite

BAO Chun-huit?3  JI Jiang-hui?3®  TAN Dong-jie’*?  JIN Sheng’??  HUANG Xiu-min!23
WANG Su'?3  CHEN Guo'?*?  DONG Yao!??  LIU Jia-cheng®

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 School of Astronomy and Space Sciences, University of Science and Technology of China, Hefei 230026)
(8 Key Laboratory for the Planetary Science, Chinese Academy of Sciences, Nanjing 210023)
(4 School of Astronomy and Space Science, Nanjing University, Nanjing 210023)

AsstracT So far, most of the exoplanets have been discussed with the radial velocity and transient
methods, in comparison with these detection techniques, the astrometric method has unique advantages
in the determination of planetary orbital parameters and masses. Closeby Habitable Exoplanet Survey
(CHES) will search for terrestrial planets in the habitable zone around 100 sun-like stars in the solar
system’s neighbors (about 10 pc from the sun) using the micro-arcsecond space astrometry method, and
further carry out a comprehensive census of nearby planetary systems to obtain the true mass of planets
and three-dimensional orbital parameters to establish a complete database of the nearby planetary systems.
Based on the observation mode and scientific objectives of the CHES satellite, this work conducted the
simulated observations on Alpha Centauri A, a simulated solar system, 51 Peg, and the black hole Cyg X-1,
and generated astrometric simulation data, using two periodic spectra of Lomb-Scargle and BIC (Bayesian
information criteria). The signal of the planetary orbit period is analyzed, and the orbit inversion of the
planetary system is carried out with the Markov Chain Monte Carlo (MCMC) algorithm. In addition, this
work further discusses the influence of the planets around the reference stars on the detection of habitable
planets, and the BIC periodic spectrum can be used to identify the reference stars that may have planets
around them.

Key words astrometry; planets and satellites: detection, terrestrial planets; methods: numerical
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