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Fig.1 The magnitude estimation of the forces acting on
asteroid (469219) Kamo oalewa

®1 TMIEHPINRANREBSINRE

Table 1 GM of 16 most massive perturbers in the main asteroid belt

Name GM/(au® - d~?) Name GM/(au® - d72?)
Ceres 1.3964518123081070 x 107*®*  Eunomia  4.5107799051436795 x 10~ *°
Vesta 3.8548000225257904 x 10~ Juno 4.2823439677995011 x 10~1°
Pallas 3.0471146330043200 x 10~ Psyche 3.5445002842488978 x 10~ *°
Hygiea 1.2542530761640810 x 10~ Camilla 3.2191392075878588 x 10~ 15
Davida 8.6836253492286545 x 10715 Thisbe 2.6529436610356353 x 10715
Interamnia  6.3110343420878887 x 10~ *° Iris 2.5416014973471498 x 10~ *°
Europa  5.9824315264869841 x 107!  Euphrosyne 2.4067012218937576 x 10~ *°
Sylvia 4.8345606546105521 x 10~ 1° Cybele 2.0917175955133682 x 10~ *°

57-3



65 & r X 6
A 3¢ LA i tH 5t B (Coordinated Universal FEARBEVE N ZE4TS.

Time, UTC)20224E1 1 H & I (2459580.5 UTC)
TE AR 3 2 fito, 1 FadamsF 4 8% #2 01F N &
PURE P I E AR, 8 FJPL-horizons#] {& # 4>
Kamo" oalewalt] ¥l i& 3 5 JPL-horizons? 45 tH 1] &5
RICUERL ARG . Ao 85 R B AT % iE M sh /)
SR AR 4y 48 #1018 AR 7 45 R 5 JPL-horizonsAH
T, R4 K 22 FOW M 05 R B 7 I B 0T i 22 /N T
1 km, Tfi/M7TH (469219) Kamo' oalewalff 2 FA12Y
2.5 x 107 km, M _E/NTF0.017, 355 A ST E U

AT 153 E] /N T (469219) Kamo' oalewalf] 3k
O AR & AR B T B AR, TR — 4 e
ZIBCRS F HI/MT 12 (469219) Kamo® oalewalE i 17
BAE Sl BCER DN 28 () R I 7 B 7825 R AT I X6 /)N
1T EALE B IE Ja, AR 1 B L R Ry
HO DAL A

o= tan_1 ( Yastr - )/Obs )
Xastr - Xobs ’
Zastr - Zobs

§ = sin™! < > , (3)
A o S ARNFE. FRAEWITHEME, X, Y.
Z RAKFEBCRS T M AR =43 i, RA&EBCRS Y
KRNI B R &, astrfRR/IMT A, obsfUFE & uliak
PRI ZRAL

3 HIEkRIESAIE

RIS A (1) 35 S 27 00 W A SR YT MPC
(minor planet center)®, PIuhHR L 1 /MT 1 (469219)
Kamo" oalewa H & L LK A 68 88 47 YUE 5800
GERE. BI245 T WD A4 A, B IE B B R
BT REZ 20045 HY PRI IIAL 3%, (H20164F Fi X L5
LI Tk P B 1) 8 AR A, EL A UL P 4R
AR > 20169 4R A 1 22— K DL B i K & WL,
TX LU FE A - ph B R T K 288 T~ B B (5
Y5 T12) 58 H, Z 5 & 5k DL AR 6 b 0

|ﬁastr - éobs'

2https://ssd.jpl.nasa.gov/sbdb.cgi?sstr=469219
Shttps://www.minorplanetcenter.net

57-4

250

Number

0
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
Year

2 MPCLEAFFHI/MTE(469219) Kamo' oalewat WLl 45
FE AR
Fig.2 Yearly distribution of asteroid (469219) Kamo" oalewa

observation data publicly available on MPC (Minor Planet
Center)

R Ia) 5 B 7 FO6 5 I # 4 2 8 FHIPL-
horizon%s € )] 46 IR 2 & AE B 1) /N7 F2 (469219)
Kamo oalewa{J 4 ELAUIE, JHE R IW =5 107 &
S AR TR FR) O S K 8 e [) A s 7 0 0
i BRERIE T R e — 5 PG T, 55 4ME bR
SE R R, RN 2 1P AL B F BT RE AR
AT, BIAE € PR e o BT A AR R0 45 1T 5 &
T2 kBB VTR ZE . WIS FE B R R 5 B R 3
D6 A P, AT T LIRS 0.5 325"
345 H/INMT B (469219) Kamo' oalewal) 118 Al K
) 5 A 7 0 5 W0 WU AR ) I B B TR AT B
TEINBL(FE3 (a)) AR A N B 9 4 18] 2 55 1) I (] 56
F (K3 (b)). Wl o B It 1) 5 52 292025411 5 H
$20264F6 H12H, i 7 R 55 =k H g
1E (M3)-55 PO K HF A5 IE (M4)-$ SR E0 (M5)-28 2
BLEh L AR, X B2 A B AN 9B A 46 BUIE D 76 1 A7
BN AR 2 a5t BT R/ IR N AT A
(469219) Kamo" oalewaiF AT — A7 S



65 15 JFZEAT5E: RIA 5 B HIEH MMM T A (469219) Kamo' oalewafILiE i B i 40T 6 1A

——Kamo'oalewa
= = Tianwen-2
Sun
= == Equinox vec
> Ecliptic plane normal vec

Z [au

Y /au e X /au
(a)
a5 x107
st
25F
g 2
4
~
Q 151
s
05+
o ‘ ‘ ‘ ‘
2025-10 2025-11 2026-01 2026-03 2026-04 2026-06
Date
(b)

K3 /MTE(469219) Kamo' oalewafl K il S MK RE. (a) Kl =5 5/MTHE(469219) Kamo® oalewaff 20254113 £20264£6
TEBCRS FHHLERERE. (b) K =5 5/M7E (469219) Kamo' oalewal &5 B i 8] 1) ¢ R &

Fig.3 Asteroid (469219) Kamo' oalewa and Tianwen-2 trajectory relationship diagram. (a) Diagram of the orbit of Tianwen-2
and asteroid (469219) Kamo' oalewa in BCRS from November 2025 to June 2026. (b) Plot of the distance between Tianwen-2

and asteroid (469219) Kamo' oalewa over the time.
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Table 2 Initial positions and velocities of each

simulated arc of Tianwen-2
Parameter M3 M4 M5

Date (UTC) 2460984.616 2461193.841 2461198.841
X /km 72927751  —85170088 —74092343
Y /km 119595171 —124422841 —128639831

Z/km 49992264  —50903243 —54312244
X/(km-d~') —2162132 2165124 2219064
Y/(km-d~') 1224380  —921282  —736119
Z/(km-d~') 862589 714009  —679315

MPCW 3t b 3% A 25 &A™ G ol Uk B2,
EAEAEE AL T, i R D' S L0 5 48 250 R FH A VR i
H 5% 72 FIRoot Mean Square (RMS) €L /5i%: Je
PLEEAL B T8 6 /T £ (469219) Kamo® oalewa iE
B, W E R A E G ik 2 (O-C) iR 22,
BEHTIRZEFENNENSE R R3GH T
BB ARE T W 5RZE (A cos §) TR 26 7 171 5%
ZE(AG). FEAL I I B A7 B AR O B2 BO6
FMAIEIRS B, R ZSHERZE. B
65 BT LR Z2 I 5 NE N ) 25 &

SE AR I 2 [FIFE 1 B ARt (2459580.5 UTC),
PAJPL-Horizons#2 fit () ¥ & 2 1k Oy 5 % fH.
RS FIMPCOG 2% W I £ 95 T AL € B 45 R 1 W
T4, B4R 8 5 W IR & 4 5k 2 (0-C) 5 JPL-
Horzions2h 5 ) % b, 5% 22 2 A 7£0.57 LN, H
TIPLA W40 2 JF 58 B AL 7y ic S g H.JPL-
Horizonsth 7k 25 t /N 47 £(469219) Kamo' oalewa
FR) 58 BE S AR, T A S A R FH AT e
R ZEIRMSE BRI IL FEAT, DRI AE 45 SR AR
BAETE— M 22 5. AN RATI 5 AR 3=
BT T XS R, FERLIN SR 22 L 45 R I A — 3

&3 HWEHAWBMUENERRMS
Table 3 RMS of the equal weight orbit

determination result for the ground observatory

Station Data num Aacosd/”  A§/”
645 2 0.1095 0.4855
F51 17 0.2233 0.1756
J95 5 0.9158 0.3834
568 45 0.1252 0.1343
291 3 0.5383 0.3645
926 5 0.5267 0.1146
705 3 0.2886 0.0583
T12 218 0.0847 0.0581
H21 9 0.1328 0.3410
950 3 0.2004 0.5342

T 4 MTE(469219) Kamo' oalewafEBCRS T HIMMBUE L
ZRMPERIRE (1o, to = 2459580.5 UTC) A RAER Bl

Table 4 Weighted orbit determination results

and formal error of asteroid (469219)
Kamo' oalewa in BCRS (1o, to = 2459580.5
UTC) and corresponding heliocentric ecliptic

orbital elements

Parameter Value
X /km —54253597.52 + 19.64
Y /km 123454880.99 + 9.67
Z /km 69271739.71 + 9.10
X /(km-d~h) —2452527.70 + 0.13
Y /(km -d~1) —723906.20 £ 0.21
Z/(km-d~1) —20461.33 + 0.07

Semi-major axis/km 149773927.6

Eccentricity 0.1029886
Inclination/° 7.78937
Longitude of ascending node/° 66.01862
Argument of perihelion/° 305.68306
Mean anomaly/° 87.47085
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Fig.4 Weighted orbit determination residuals in right ascension (A« cosd) and declination (Ad) for asteroid (469219)

Kamo® oalewa and comparison with JPL-Horzions
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Fig.5 Comparison of orbital formal errors of asteroid (469219) Kamo" oalewa between 2004 and 2026 before and after using

simulated optical observations from Tianwan-2 (1o, with 2" simulation accuracy)
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Fig.7 Comparison of the orbit determined before and after using simulated optical observation data (with 2" simulation
accuracy) from Tianwen-2 with the “true orbit” of asteroid (469219) Kamo' oalewa during the period from 2004 to 2026
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Orbit Accuracy Simulation Analysis of Asteroid (469219)
Kamo™ oalewa by Optical Observation of Tianwen-2

i-xing! ai in ao-bin ong!
LI Yi-xing!+? TANG Kai! FAN Min? QU Yao-bin* HUANG Yong!?

(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(2 School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049)
(8 Beijing Institute of Tracking and Telecommunication Technology, Beijing 100094)
(4 Shanghai Institute of Satellite Engineering, Shanghai 201100)

AsstracTt China’s asteroid exploration mission, Tianwen-2, is scheduled to launch in 2025. Its first
target, asteroid (469219) Kamo'oalewa (also known as 2016 HO3), is a near-Earth object in co-orbit
with Earth, with significant research value in terms of its motion evolution. Currently, there are limited
ground observation data available for asteroid (469219) Kamo" oalewa, which restricts its orbit accuracy.
Tianwen-2, equipped with an optical payload, is expected to acquire a large amount of onboard optical
observation data during its approach to Kamooalewa. This will greatly improve the study situation of
asteroid (469219) Kamo' oalewa, which currently has only ground-based optical observation data and lacks
publicly available observation data after 2021. By simulating the optical observation data of Tianwen-2
with a spacecraft orbit error of 2 km, the pre-mission evaluation of the orbit prediction accuracy of asteroid
(469219) Kamo' oalewa has been completed. The precision evaluation was performed using covariance
analysis and numerical comparison methods. Within the possible range of observation precision considered
in this study, it is estimated that the optical observation data from Tianwen-2 can improve the overall
orbit accuracy of asteroid (469219) Kamo' oalewa to better than 15 km. Additionally, an analysis was
conducted to examine the differences and characteristics of the results obtained from the two precision
evaluation methods.

Key words astrometry, celestial mechanics, methods: numerical, asteroid: individual: (469219) Kamo' oalewa
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