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Semi-Major Axis and Masses of the detected exoplanets

AA IG.. om ‘=
‘ : : : : =]
A ¢ S o

100

8 m
=3 i
Z
= oo MR o ¥ G WECe .. b
=
v !
%)
B :
s : :
E @ Radial Velocity
L S S A Transit
g e TTV
a @ Direct Imaging
ool % Lo KA M, e e Mlcrolen.5|r.19
; ; ¢ Pulsar Timing
% Astrometry
‘ @ solar system
0001 Il Il Il Il i i
0.001 0.01 0.1 1 10 100 1000

Semi-Major Axis/au
K1 ORI RIMT R KA ST R, BARG AT R IR, AR AT BBUR, KB &R A AT A2 i B
NUTERIR, BRI T exoplanet.eu.

Fig.1 The semi-major axes and masses of the detected exoplanets. The z-coordinate indicates the
semi-major axis of planets, and the y-coordinate indicates the planetary mass. The planets of solar

system are shown as black hexagons. The data came from exoplanet.eu.
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The Astrometric Signature of the detected planets
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Fig.2 The astrometric signature of detected exoplanets. The z-coordinate indicates the period of
planets, and the y-coordinate indicates the astrometric signature. The size of points is proportional to
the planetary mass(”l. The detective abilities of HST-FGS (Fine Guidance Sensor), Gaia, and STEP are
presented by the dot-dashed lines.
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THipparcosflGaialX I3 1 1 KR AR & T A, X H— KX MK #5112 A 5 1
BAEPIEDS. 1EGaiall OB BEHE 2 11, P08 5 %A O FE— R IX I 77 & 2 A
AT, DRl A ASEADA AR v 3 AN 2% 1 3K 56 PRI 3R Py >R PR 5 i, v M 221 A2 389 59 4 A BE AL
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4.1 « Centauri A

a Centaurise 1 25 K FH T 1 02, #1354 41.34 pe, [A B a Centauriids 5 HE 4R
#2 (Proxima Centauri) 4l —# 2 R4, 20125 Dumusque Nl i #1171 33 B2 & o Cen-
tauri BAEAE—BUHER /N 58 3.2357 di47 2190, {HLE20164ERajpaul S N HIHE S o
Centauri B b ANFAEN, 2 H IIAT LA 5 A HH 400 1m0 0 U0 0 1) el R 250 s i 291,
EAEIX HIRATAE R o Centauri B bAE K1

o Centauri AMEHER 5 KA G2V i 1.1 Mo 122 AT =4 T
— Wit £ AL R AT D AE3 aunkh FIM IR FE [ Séa Centauri A e (Ho Al E R 2 i
Je B BEBE ML= A2), NN Gaia B Uk R A4 W 5 0000 (¥ RS 34,2 pasify 1E 4% 4y A i 221,
AR LOTZH R AR & LU A . K o CentauriXUE B2 K42 435.6 au, PLidE 1
A79.91 yrlO1 6FF5 yr AR B S M AL /N, DR AR A0 Hcdls v A 2 18 ) — E AL 5 | )
A RO AU ES 3 1R 52 .

FH AL s 75 21 411 Lomb-Scargle i i 7] LLE BI47AE— A I #IZ0 41750 dIF)
JAME 5, 5 5 FIFAPIR T0.01%, PRI LI & S SL i R IAE 5, i IFE B T B L
AR, AT ZAME T HATMCMCE Y, 15 2R 1 BAT DI 5 45 1 LU &
Z . HATE R, ITEDI R EA1810 d, IEMHZA1769 d, 5 Lomb-Scargle & i
25 IR AE IS A AN TF], 3X 2 FH T Lomb-Scargle J& BH B [ (R A0 2635 43 181 73 HE AN e 5 e LL
AN T A . BB PR R A I R U A A 8T O, TR RS BN AR R RS AT £ 180° 1)
ANHEPE, IR H R e A S 24 (longitude of pericentre, @ = Q + w). [AIE 4L
B BT W SR, T3 AL A 20 R RO R I 2 Y3 R AR Moo, SRR I %)
JEJD 2457023.5, R120154E1 H1HOR 043 (UTC), E5 41— R AR 0l 4 il 2k L&
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&1 «a Centauri A bEIPIESE
Table 1 The fitting parameters of a Centauri A b

Parameter true value® fitting value sigma
a/pas 103.2 107.1 5.3
a/au 3.000 2.955 0.018

e 0.1000 0.2029 0.047
i/(°) 42.23 47.42 5.8
w/(°)P 347.2 332.9 16
Mo/(°) 110.2 98.27 9.2
P/d 1810 1769 52

My, / MNeptune 1.000 1.054 0.053

# The true values are set in advance.

® The longitude of pericentre w = Q + w.

50 T 50 T T
— apEc
1754.52 days
40} E 40 E
1754.52 days
_ 30r E _ 30
() ()
2 2
8 0.01% FAP 8 0.01% FAP
20k S PP/ ORTIPPIPPPRRIOS: DES PP y 20FHap e\
1% FAP ___wFAP _ _ o ___|____
10
0 0 1 2 3 4 0 0 1 2 3 4
10 10 10 10 10 10 10 10 10 10
Period/d Period/d

4 « Centauri AFIBIIRARN EE A Lomb-Scargle A i, HAFEE 1750 dZEA I ANES. Rk
R1%INFAP, miELRR0.1%MFAP, RiZ&R0.01%FAP.
Fig.4 The Lomb-Sargle periodogram of mock astrometric data of a Centauri A. A 1750-day period exists

in the periodogram. The 1%, 0.1%, and 0.01% of FAP are indicated by the dashed line, dot-dashed line,

and dotted line, respectively.
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Fig.5 Left: The normalized astrometric curve of a Centauri A and the residual after fitting planet b;

Right: The astrometric curve of @ Centauri A

4.2 HD 62509

HD 62509 b — il {20065 HH Reffert 55 A i ok 0 ) 3 B4 & I, [H 6K OITTAY -
SEHD 625091 & 4M7T 2R3 HD 62509 b JAMIZ1590 d, 2K 421.69 au, f/MTE R
M, siniH2.9 Myupiver. A2 BSR4 I 55 £ f, I 45 & Lick i R0 1) 3 B S 0 £
P53 $157 Lomb-Scargle & #0E, £k 2 feam i 45 5, 0 AGE ST el G

1 6 A1 4 7 Lomb-Scargle i 1 3 7] LU 2 Lick W, 1] 38 5 250 45 FH1AS A2 1 % A4
A AR AR — AN A590 A HAE 5, AN FIFAPXT N (1) D 2 45 & b R os. XFHD
62509 ¥ Lick #L [7) 140 B i, &5 G B H0L 1 R A4 I o i i ok (4) =X, A FHMCM L EAT
P, BRR2P GG R LA RZE. BT T M8 HE, A Oum v
TEAS K8 B QR AL pii A1y PR 1] DAME — 1 58, AN FRAFAE £ 180° AN e M. 1 22 AU %1 H]
R S N 20 PRSP 3T 1A Mo 7, SR 28 Ry Lick 27 YR AW 1 35 5 U000 i 0 J D 2451808.39.
PRSI 943 31l g U — AR I 3 5 20 A il e SR U5 ik 22 U — A R AR v 400 5 il 4
S AR 7
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%2 HD 62509 bAIESH
Table 2 The fitting parameters of HD 62509 b

Parameter  true value® fitting value sigma

K/(m/s) 46.90 46.86 1.1
o/ pas 519.8 520.8 18
a/au 1.690 1.695 0.0079
e 0.06000 0.06470 0.012
i/(°)° 28.19 28.10 0.81
Q/(°)° 60.34 61.30 1.7
w/(°) 277.0 275.8 11
Mo/ (°) 323.5 322.0 18
P/d 589.7 589.9 1.7
My / Myupiter 6.140 6.195 0.18

# The true values are from Table 2 in Reference [23].
> The inclination and longitude of the ascending n-

ode are generated randomly.

40

591.82 days
35f
30f
25F

0.01% FAP
20k

Power

B e

10f

10°
Period/d

10

6 HD 62509 Lick 134 5 WL E s ) Lomb-Scargle 8 1%, HrpfEdE— 590 dAAANME 5. REx

NI%IMFAP, s ELERROI%MFAP, M4&F£R0.01%MFAP.

Fig.6 The Lomb-Sargle periodogram of Lick radial velocity (RV) data of HD 62509. A 590-day period
exists in the periodogram. The 1%, 0.1%, and 0.01% of FAP are indicated by the dashed line, dot-dashed

line, and dotted line, respectively.
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Power
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K 7 HD 62509 AR AR 505 I Lomb-Scargle 8 1% Wb fifE — 590 dAEAKENIE S, REx
R1%IMMFAP, SRR IR01%MFAP, H&E/R0.01%MFAP.

Fig.7 The Lomb-Sargle periodogram of mock astrometric data of HD 62509. A 590-day period exists in
the periodogram. The 1%, 0.1%, and 0.01% of FAP are indicated by the dashed line, dot-dashed line, and

dotted line, respectively.

60 Time series of RV data of the HD 62509 system
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Fig.8 The normalized RV curve of HD 62509 and the residual after fitting planet b
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Fig.9 Left: The normalized astrometric curve of HD 62509 and the residual after fitting planet b; Right:
The astrometric curve of HD 62509

4.3 GJ 876

GJ 8762 i B HiEk4.689 pcl24 fMARIE SR 291 JH KI5 20 yr A i 3 1 U 2 B,
GJ ST6AFAEFHAFUT 8 L N #2630 GJ 876ﬁ REE I B IR EOL 24T R R
g8, A KIAEAE 3138 JE R (Mean Motion Resonance, MMR) (47 2 R 4128, [m] I
JE AN RIAFAE B b LR 1) RAMT B R 48032,

EGT 876 R4, B LLA2 ARG T 876 A FE AT AN, 1T 2 (A IZI30 d)-
THEDb(FIIZI61 d)FIT e HIHZ124 A)fFAEE 421 b S b L8R, i TG 876 R4t
HAT B AT R R AR LA Bh AR s A, AR G T A AU A TR IR I A K08 20 yrff)
R 1) 3 P LI B4 . Laughlin®5 B33 FIRivera5 B4 7E20014F 58 J5 4> 4% X GJ 876 R 4¢
FINARFL S A=W 5 ) 2 BB AR, (R S8 LML EINANARRU S 503, Sk AT R AN 2
I Z PRI LT AifE, AT PR AR A o 3 5 H0 45 T 2.

T A SR D A et P TS A 5 00, R FH SCHR [30] Hh e SIINAARFR 43 ARl 3 ) 2%
B SRARAG B B R AL, 18 TR 00.32 M. 4 T 5 SCHR[30]HH i 45 SR EL i, FeAl ik
HU/EID 2450602.09342JD 2452428.093 P A= B 5241 AT40L 1) R A4 I 8 2040, 155 2Lk AT 2
(0 TF-H A AU

O T A5 FH T S8 A0 A [ L R A S e, TR LA TN S (e, 4, Q,w, Mo, my),
M FAF A2 IR AT R R G, WA MM aEREREN LT o =
|ja|Crelitl=2 cos g1 Horhop hy JL4iR M1, G R JL IR M I R AL, C o8 & H 3 f 0 RN
SR T RTS8 s LR INAT AL, SLALR A B e — e a4 ), S5 AT DA
S PEAE, B F2: 108 TR AT 2R 1 A s AR AR B, ﬁtﬂu%ﬁ%i&.‘.ﬂnigwﬁs/\?
A b AT R ) SO T A P AU Eﬁziﬁﬁ‘]ﬁ%iﬁﬂﬁ?ﬂ/*ﬂi)ﬁim*/\f Witk 5 i)
TF SR A, AR SCER[30] 263, 4T bAAT BRI ELAS 593 5] 298 pasF158
pas, AT EAFAT 2 et RAKM & (5 5 720 3 HAH0.28 pasHl9.64 pas, A T GaiaFLI R
IR E34.2 past™ ) IRIIX FEL FLUSHAT A2 bR R AT 36 5P T A e 308 T35 0 A [ 400 75



580 K X FE R 57 %

WA FIMCMCH %, fe A9 2 R3MRAPAT B AT MG 45 R, /LA 2l
FICSCHE AR T MG B 5 A B i A A 2R 1 T BRA DR NG 876 1L 17 13 4
PREATING, P RATHAS R BEQS 1T 2 U BEw AT B R 2 [ . 10447 A bAIc]
KA LB PRl & M8 LA ATk 22, LU AT B DRI R A 502 i 2 S Ul A 5% 2.

%3 GJ 876 bHIIESH
Table 3 The fitting parameters of GJ 876 b

Parameter  true value® fitting value sigma

o/ pas 297.9 297.6 8.5
a/au 0.2083 0.2049 0.0024
e 0.03240 0.09640 0.013
i/(°) 59.00 57.14 2.1
w/(°)° 50.30 6.433 8.3
@w/(°/yr) - —32.81 4.2
Mo/(°) 325.7 5.470 12
P/d 61.12 59.68 0.12
My Mupiter 2.276 2.311 0.083

# The true values are from Table [3] in Reference
[30].

> The longitude of pericentre @ = Q + w.

&4 GJ 876 cHIBIESH
Table 4 The fitting parameters of GJ 876 c

Parameter true value® fitting value sigma

a/pas 58.15 39.65 6.0
a/au 0.1296 0.1293 0.0019
e 0.2559 0.3177 0.14
i/(°)P 59.00 57.14 2.1
w/(°)° 48.76 118.6 30
@w/(°/yr) - —3.202 21
Mo/ (°) 294.6 192.7 32
P/d 30.09 30.00 0.15
My/Myupiter  0.7142 0.4880 0.074

# The true values are from Table [3] in Reference
[30].
> The inclination is fixed same as the planet b.

¢ The longitude of pericentre w = Q + w.
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5 11ig

5.1 JMRETTRAZIE

Ford & £ X} SIM (Space Interferometer Mission) M 75 L1518 2, X T8 i IR
MBI, A 5] (8 ISR T 2 AT B RN 0% A1 AN [ AR s i ) [R] e el 1R A4
VRGN R ST R B G R R AR ZE, T R AR R L yr, RARII R
I ARG A AEL yrPrai Ay B2 A BRI AL, DRk [ e SRR BH A2 1) S i AT A B
T FITEL yr/e A, SO PRI AfF AT R R — 2 1t AR A

5.2 RIKYIERES

IR R AR, . KR4I SURN AR R R A%, 2t st B A 12 1150,
I RGO . XS E R A G BT A 0, DR R KA R . R AR
e 7 S AR 1) TS R R A I v 387G R, X TP AR A R R AR g
SXof AL 1 3 35 /s PRI} Bl i St R AR W BT 3 ok Fr ) s () 5 ml el 2k
A7l 13641l

R.oy
Opos = e 0.49R.op , (11)

vsint

2
Oy =~ 0.3760,vsini ~ 0.43R, (PF )O’m , (12)

rot

Oposs Oy Mo 70 Al 52 R AT BEVA, AL 1) A BE M AR S5 38 U5 IR, ROW TR AL IR 42,
vsini AEE AR B, Py RN A H Y.

5.3 MEMBITRIINEIRN

PEAE AR 2R SR O AN WTE ), K BH A 7E LAY 2. 500 4F 1 A 3] B S i iz 5,
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AR, TATE Kfa Centauri A HD 62509H81GJ 876 R 4E, T Gaia ik KA
TR B A B2 6T B (0475 BB, 8 Lomb-Scargle & W3 23 M7 AT A2 338 5 145
HET R FHIMCMCHER 3AMT B R G ATPUIE RO, #5451 51T B YIRS B & .

AT A LR K 22 803 AMT B2 T3 B K R AR I 5845 5/ 171 mas, 170 i 10 R R A%
RS BEAE LAR 21 masPAT, HBEAE RS FE 6 2 R) A & TR I THA, ARRAG AR
S AN VA R I RAMT . W E A ) BT B (HST) EFGSRELLL masff R
PR V2R B BEAT A A A v PO S AT 5 41 24 ) SR 5 (JWIST) 1 Ay s 3l B ot
BT, W FFGS. Galaft B BER 1AL 5, UM AT A 3R 4K F 9T ey 26
AATE. STEPHUYIAT AE I LAL pasff 78 # R AN 520K B A BLER 25 K 15 pe N 2640
ITAL. 1E20164F Gaia A H K J5, FATTRT LRI F A ST 14T SR 34 BB FU 5 T oK
X Gaia B BEAT AL BE, LURILSE 2 1 R AMT B IF T RERFERTTT. S AMER R AR,
A A XS AT B BE 100G T A — 20 ek, EAT B TFE AR AR Al b R R NA R 4y
B 2 BAETE SRR, XK AT B T IR TS L3 T i R AMT R R S
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Analogue Simulation and Orbital Solving Algorithm
of Astrometric Exoplanet Detection
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AsstracT Astrometry is an effective method to detect exoplanets. It has many ad-
vantages that other detection methods do not bear, such as providing three dimensional
planetary orbit and determining the planetary mass. Astrometry will enrich the sample
of exoplanets. As the high-precision astrometric satellite Gaia (Global Astrometry in-
terferometer for Astrophysics) was launched in 2013, there will be abundant long-period
Jupiter-size planets to be discovered by Gaia. In this paper, we specify the o Centauri
A, HD 62509, and GJ 876 systems, and generate the synthetic astrometric data with
the single astrometric precision of Gaia. Then we use the Lomb-Scargle periodogram
to analyse the signature of planets and the Markov Chain Monte Carlo (MCMC) al-
gorithm to fit the orbit of planets. The simulation results are well coincide with the
initial solutions.

Key words astrometry, planets and satellites: evolution, astrometric satellites: Hip-
parcos, Gaia, methods: Lomb-Scargle periodogram, Markov Chain Monte Carlo (M-
CMC)



