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Fig.1 The diagram of STEP which requests at least 8 reference stars (Ref.) in a 0.44° x 0.44° field of

view (FOV) and tests the existence of planets by changing the relative positions between reference stars
and target (Tar.).
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WAL, BRI R 2B AKE 1, AT T REAE IR B B AR S BEARARAR R (€, ), KB
EHI R B ARAR 2R (X, V) AH BB AR AR bR R A7 AE LR 2 R 2z, A2 AR b [l 7 A=
WHORZE Rz, WEEAFRRNX, YAl EAABFR RIS nfl AN E A B RAIE
AT, ROWRAE BLARAR bR ARl Al ™ ks AT, EHEFEARR AR R XRANY il I ANH 1 4
THEM. XERIER A AECCD LA AL I SIS 25 S A LU D 2 PR 42 P AR AR ™ A AN
[FIRE P IR P AR ek A Ak, LA AR e PETRAR A7 T e S BV 2 R S R P 5 2 R K A
W, 25 B R Ay B AR GE N 3 IS AR KIS . I A THE b, B JR T LU R A2 4k,
FLA L B RROE (OO [RDEAES. AT o BLARI IR ), R A AR A v B34S B ) BEAR AR o
LR HAER Ay, AL SR B E ARSI R AR 2 ZE L AXNIAY . KR, BE
HAX — ASHAY — Anit S B B BTN B0 25 60 2 4000 R 22 6 fE DA B 1R 5, 3
ATTEERE— 2 50 R P S ma (R ORI 2. 75 S8 B ORI, D) SR e AT 25 B, BAAS 2
SRR AT AR R AR TEL R A7 B AR A, AT Af o £ DU 2 A R A AT R R
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Table 1 Relevant parameters of 2 reference stars and 1 target star in the same FOV

a,d ALs V Loy [hs Aj T A% V.
/degree Juas /mag  /(mas-yr ') /mas /(pas-yr ') /upas /(km-s7t)
Ref. 1 149.70956955,44.94258355 6.5 10.592  2.55,—15.40 3.8 0.84 7.6 16.89
Ref. 2 149.72235841,44.57884803 19.1 12.904 —2.17,1.83 12.4 0.65 23 —12.10

Tar. 149.89313634,44.77654018 1.7 7.660 —124.20,—-313.50 0.85 62.61 1.8 32.21

* Aq,s is the error of a and §, A, is the error of p and ps, Ax is the error of .

3.1 IEMNEFEREMZM(IERR)

BB STEPAEKFH &R U0 2 % R AL B AR EZ Ao, = 1000 km——3X &Mz K
FIERACT IR, — M AR AL ERSSEAT 2 41 11000 km, STEP RSS2 8 4f 1t
——AESTEPYLIN KI5 yrisf A1, 45— I Lhor, by i 2 42 e i 20 A1 BEATLIUAE, 540 B
PEIN bz, yv 2 EIRZEAZ. Ay Az, REEH T LR Ly S EK R D HE
L RAFEEF) PRI ZE RN, 1E R ) R TE AR AR K 5N

ar =a+7m[— (y+ Ay)cosa + (x + Azx)sin o] secd , A

O =0+ 7[—(x+ Azx)cosasind — (y + Ay)sinacosd — (z + Az) cosd] . @)
EH X6 ] — ML, T A7 R T (1 % 2 0 208 A AT R 1, B AR 2 (B AR 3 1R 2 2%
RIMZ 2B ZE RN, R R 22 228 AR 2AN e, DR 22 RO B 5 A
S H S YO A ZE L. FRAT I DA B R 2, TR R ZE R AT B T 5 e 471
T2 WEBUTIRZS ARG, IE DA EAT F T2 B2, AHE A AL
B IE AN L pas, Wi W05 FRORS BE0T T A7 B 1R 1 22 TR ANBBURE, 0 T-F 7028 A
FRAFDOS A B 2 W] DL 220 . SR AE AT LR IE0RG BE AT T, o EUA 2 SEI .
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Table 2 The deviation of the relative position of two stars caused by parameter errors

Ref. 1—Ref. 2 Ref. 1-Tar.
Parameter
Aa/pas A/ pas Aa/pas Ad/pas
Pos. err.? 7.01 x 1074 222 x 1074 0.24 0.06
v. err. 0.11 0.42 0.16 0.24
o(prop.)© 0.63 —0.56 —838.08 —860.03

@ Pos. err. denotes position error

by. err. denotes velocity error

¢ o(prop.) denotes the higher-order item of proper motion

FAUM, R BSTEPAE K BH & B0 2 % &R b AR e 22 ho, = 10 m-s™1,
FESTEPMLIN )5 yritd 8] P, &F— O Lo, A b 1 22 32 i 39 0 A BEHLECAE, 520 1
AN B gy AR ZEEA, R AT 200, R /R IE AR RIE A N

a; =a— —[(&+ Az)sinasecd — (y + Ay) cos asecd] ,

(5)

0y =0——[(+Az)cosasind — (y+ Ay)sinasind — (£ + Az) cosd] .

Sl q |~

MFE2524T 85 AT, R0 m- s~ AR T R v 22 5 RS ) FE AR AR G A7 B g 22 S
NTF0.5 pas, BLFEATEBISTEP KRG /KT, SR T8 SRS B2 75 5 SEEL .
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yro b BTGRP R AR A I 2 TR PR B AT T AR R R AL AR AL
FERTE, BAT U TE A A R BRBIE 22 R 7 AR A B AR A, 7 v kg FE B B S0 ()
AU N2 L8 (ATRAIN R AL, JLOCR N

d *
(’;;0‘ =2 ps tand — 2ul V.,
(6)
d 2
% = —uf sindcosd — 2usmV, .

SR ER 23R b i, e AT R R R B A AR S . SRR B AT AN B AT B I A AR
PRI SE I, E A B AR ] RN

ap =+ pit+ (uhpstand — i V) 2,

L (7)
6 =06+ pst — <2,uz sin d cos & +MZM5VT> .
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AL ATDR AL BOR UL, 5 yr2 Ja B RN ECK, B AT 28 WU STk Ok TS TEP K e A5 L.
DRLE, 35 BATEOK BATIORFIILAE, EAT R B 0O 24 1 5 R AE N
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2141 yr, WLE2, BALFRIE Ay, AR KR 2 W IE (Observation ) F1Af 2 R 206 11 5
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Fig.2 The influence of the error of stellar annual parallax on relative positions
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STEP 5 W 3 153 & N CCD ISR B AR (X, YY), TG0 AR (A, D) #
SFIX AN A 1E R T SR S RGEAECCD R AR A . AN F B ER I R R
R ZEME T Ee B RO AR A, PRARAE B0 T BRARARFR il 2 1 B2 AR bR, R BTG Lo AR BRI B (R B
HEZEN (04, 0p), FMIHI(2)3K, %45 yrinf ] rh, COD_L% BEARFRIAL B i 72, 41 T3,
SR ATLLE Y, U R ADOE 0 IR ZE R 3 ELCCD LI 45 A A P 2 1 i 22,
STEP#AAELE BT puasWEINDRT E, o2 BROG O R Z2 7 KI5

x3 HLREMEEMENFN

Table 3 The influence of error in optical center on star position
ca,op/pas  AX/uas AY/uas

1.00 0.78 0.79
1.26 0.98 1.00
1.28 1.00 1.01
1.30 1.01 1.03
1.60 1.25 1.27

4 RUITE

STEP) 3= A5 H bl 2 XK B R ST 2 R Ge AT 80, X B A1 HIsfi 2 %
EMEFIMEA T IRE RIS ENESLAE, 5 IESTEPIOWN IR, BHUHS yrA ik
11505k CCDJE Jr, i i8IS 2% 22 (1) J2 R AR AF LR I AH R S O AT U 5. A7 A
5 e e A A A PR ol BT~ A Al 4 A 81

A::3(1%3;> <1Zu)(1®$g)1<1€c)1”a& (®)

KMoy Mgy My Mp23 il 3o R HuBk, FAplll B R HAT R IR, o AT 5840
DR BB A, DRAIVE S HL g, AA BT DU, 15-20 peib
HAT AL DA I AR 38 3, 8 O AW ARG [ A B AE Tl D 2
TSR R B AR DN AT R U R, R B R AR RO AT ZE 55, A
T RE, I Gala 2 LA NS HER. BAOPRIT:
(D) HHZH AR Z B AR, v (1) AT

= a+ pat+mh,,,
0; = 0 + pust + whs, ,

(9)

Hr) P, = (—ycosa+ zsina)sec M P5, = —zcosasind — ysinacosd — z cos 673 )

h ARG T W RAREG T ) (4022 TR 7

De0MER(A, D) = (149.90°,44.77°), S APAEITERLA T o040 Ak 2 5] 8 i 2% AN UBURR B, A b LB %
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(2) T HA1T B ARG 2 A [N 2 7R TG AR R
o =a+ pit+ (phpustand — pwV,) 12 + 1P, + acos (¢t +0) ,

(10)
(5t :6+M5t— <

%ufj sind cosd — ,LLZ,LLgW) t? + wP;, + bsin (¢t + 0) |
Forb, a2 Rl R 2 AT AL Mo D2 2 1R A B, bit PR, 052 to N 2L 0, ¢t
GIPLYLE

(3)AH (2) AT S BHALAR AR (€, m);

(4)FEBEAR AR AR (A RE A E 8 IR 249 2158 82 AR A

X =
§+e, (1)
Y=n+F,
Horr) oMl fEbritE ZEox y = % pase b i o AT ) BEATL AR B w58 22
(5)F JEHRUIS 5 B, v LR e S5 ArIIA 2 [ AT B R IA R A1 K
AX; = (Xr — Xo) + (urx — pox )t + (mrPrx — moPox) + Acos (¢t +0) , (1)

A)ft = (YR — Yb) + (,uRY — /,Loy)t-f- (WRPRY — 7T0P0y) +BSIH(¢1§+9) s

b, AXyy AY 25 AR BRI 225 R 5 R LR RS AR 2 72, mg.s
TN A S R L2, Prxs Pry~ Pox~ Poy & EANX J5 WAY J7 [ (41 2
K1, AMBIY 3t a MIbIEFE VI LIRSS, Xry prx Srrtd T M Gaial £ P 3RkAT, il
WD “HAUE1FEN X0 pox Fmo S5 R AILRUEZ, A THAS 2] TR IR AL E. |
ATFIRLZE, Y 7 I [ B

(6) 153 2 LASRUA [F] 22 25 B Ay 2 J I 8 20 A Ml AL 4045 45 1L, AT 10 L4 o Al S5 2 0
WH AL, BEAT ZHF- BB AIFRHE 22 (1) 5.

BERUEDER BA15r AL T S R B AT U A5, A5 20 45 HONF I () A S AT R S )
IR IS B KRR AL D . — AT 22 R 2 e A 50 A3 O 8 S /N, (R el T
PRGN, WL B 12 52 AT B R W) (138 B A28 W] A 2 i /O SR ORI [, i LA B
FERIERE T JLANAS IR AIAT AR (A 15 i Lo R B =140 (1) 2 KeBiha = 3.00 pas,
FHBb = 2.96 pas, B Fe = 0.16, FWIAT = 0.625 yr, WILAIZI UL M0 = 277.81°,
MR KB 5 R 27 0 9 M p = 0°; (2) a = 4.00 pas, b= 2v/3 pas, e = 1/2, T = 0.9 yr,
6 = 30.00°, p = 35° (3) a =1.20 pas, b = 0.75 pas, e = 0.78, T = 1.6 yr, § = 132.70°,
p = 10°. SLIBLALR 45 K I K4.

MEEHRE TR LR 1, ZESTEPH 8225 B fr il A iE 4T T 50000, HAEF1fn k
HAL pasW R ZR TR N, BANBEEMEN SMNEFERG %, REEN7E, —
J7 TR BT FRAT A T TRl BT TR A5 1 T O 380 7R 2 2 BRIARE I A2 2 T) PR A X
MARRAE R R ER B IRG IR 2 78, AT T dse /D et Sbr b, ARP I B Ar B AR AR
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Table 4 The fitting results of STEP for searching a planet system

Parameter Input Result
ay/pas 3.00 3.254+0.27
b_l/,uas 2.96 2.874+0.30
é1/((°) -yr™t)  576.00 571.63+£2.63
61/° 277.81  276.77+7.43
a2/ pas 4.00 4.2840.25
bs/pas 3.46 3.48+0.13
2/((°) -yr™1)  400.00  342.6040.82
02/° 30.00  26.2843.72
a3/ pas 1.20 1.0440.20
bs/pas 0.75 0.7840.12
#3/((°)-yr~h)  225.00 242.974+4.71
0s/° 132.70  121.00413.36
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IR ZE G AL IR, FATTE SEINB T IE A R AR e 2 MR P P R ZE X STEP KL 2R AT
A, RO BATECOR BAT IR NS, 5 SR A B SR R B L B AT I Ry
W, RS HORTEEARRIAEL pash BEKF BRI S AT B3 il 1 5.
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MR HEAT VSR AT, 5 205 I A 2 AT RSB RS S A R 24, HARZE &
PABAETT R HE N . I RATIN N TSTEP A 51 pasHIMIIRE E, SR AIAR # 2E
DR, B AGr B e AL A [l AT R AR 4.
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AESTEPKIRGEE H AR, RE A R HIRLE [, fEHOAR EARR CHE. B T OREReHh e
A, BETT R R IR BOARAIHOGEOR, S I W0 £~ i £ B AR Ak, DUE IR v B Rk
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Table 5 Data of 8 reference stars and 1 target star in the FOV
a/degree 0/degree V/mag  pia,ps/(mas-yr~t)  w/mas  V./(km-s7h)

Ref. 1 149.70956955 44.94258355  10.592 2.55,—15.40 0.84 16.89
Ref. 2 149.72235841 44.57884803  12.904 —2.17,1.83 0.65 —12.10
Ref. 3 149.90850427 44.82776927  9.258 35.22,24.18 0.79 22.32
Ref. 4 149.92145320 44.72168453  10.475 7.03,17.87 0.50 10.27
Ref. 5 149.82239256  44.84235969 7.831 —4.55,—14.56 0.85 23.61
Ref. 6  149.99779764 44.70350997  9.079 0.98,—1.65 0.72 —7.98
Ref. 7 150.08902994  44.85022756  14.180 —17.46,—37.52 0.77 13.63
Ref. 8 150.05314237 44.89525917  9.217 —13.64,—17.63 0.55 —19.05
Tar. 149.89313634  44.77654018 7.660 —124.20,—313.50 62.61 32.21
0.C.* 149.90 44.75

# 0.C. denotes the optical center.
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Analysis of Error Sources in STEP Astrometry

LIU Shu-yu LIU Jia-cheng ZHU Zi
(School of Astronomy and Space Science, Nanjing University, Nanjing 210093)

Asstract The space telescope Search for Terrestrial Exo-Planets (STEP) employed a
method of sub-pixel technology which ensures that the astrometric accuracy of telescope
on the focal plane is at the order of 1 pas. This kind of astrometric precision is promising
to detect earth-like planets beyond the solar system. In this paper, we analyze the
influence of some key factors, including errors in the stellar proper motions, parallax,
the optical center of the system, and the velocities and positions of the satellite, on the
detection of exo-planets. We propose a relative angular distance method to evaluate
the non-linear terms in stellar distance caused by possibly existing exo-planets. This
method could avoid the direct influence of measured errors of the position and proper
motion of the reference stars. Supposing that there are eight reference stars in the same
field of view and a star with a planet system, we simulate their five-year observational
data, and use the least square method to get the parameters of the planet orbit. Our
results show that the method is robust to detect terrestrial planets based on the 1 pas
precision of STEP.

Key words astrometry, telescopes, planets and satellites: terrestrial planets, methods:
analytical
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