#6045 $51H N = S Vol.60 No.5

20194E9 A ACTA ASTRONOMICA SINICA Sept., 2019
doi: 10.15940/j.cnki.0001-5245.2019.05.010 [ R AT [ 5T e

AR NTE (4179) Toutatishy
ARk LTI

¥ & AT

(FERFRESLAXE BX 210033)

Bl X/IMT B e — S B T 9 20 45 M AR R T A R B /NAT B BT B IA N 45 R R WA AR K
200 mAJIEH/IMT B H R Z114% A SUINMT B, 1 H B BTSN RIS (£S5, Wil —5H
% FEFE ) IR B Ar AR R EL A R Al o0 S5 4. Bl BUINMT B — R E G MT R A, X AL
FEIRTIFE BE 5 R NFR AR /INMT B BTE B R I TR R,

(4179) ToutatisfE —H3Z VLR 2 ISTLT H/IMT &, H A 19894 /2 I LA SR Hi T T 15 A1 ' 2 B2 iz
Bt FiZ/AMT BT T KEWN, R EAT 218138 3 5 B 5 R, 1 BN RIE 1 5 IR TR AR 2 )
W HR — P AU NT . Bk 5 T20124F12 A 13 H M FE B H AR 770 mib %k TZ%/MT B, 315
TREFRE B B BE, 45 B S Toutatishfi L& — A 5 P 558 20 45 M FE 52 40 e RO B i XU/ INAT
A, I HAEEMA B G — N SIE M B A 0, RO 2 () A R E K ARR, Bl
Ay R AL T B B B % A B R B Toutatis I TR &5 # 4b T — B R IR A
ZH B M Toutatis TR 2 B FL AN LRG0 TEAR R AL TR AR, (H BAR Y BOd 72, G s an ) 7=
AR XA AR E B SR AN TE 2E . R FH Toutatis i 8 ik RIS RS DL K i 6k — 5 3R A3 I Fe SR A0, AR5
FEIFRE T LLF 3/ IR TAE.

T 2, R G =S ERINEEE R4S A M IR TR A, @il 5 BRIV EC /7 753k 18 7 Toutatis#
PIBHETEARBETY. TEMCELRD b, B& T ToutatisMITIRSHL, 1% FBA R — i B A TR B BRI (R B
T [F)A52 0U/IMT B, FoA 8 1 R F B 30 77 FHUE B 0 90 T AL I S 302 18] T oW/IMT B <R
P JEE B KRR ER (M3 ) S AR, S5 R B ER G s T Re R LR 5 B K Em /s B IKHEAH
i, (R R 5 AR 2 R TR AR S35 RA I T AE U 5 A ) TORREE B S (1. 4-1 5 I BR R AR,
BRI AN AE E RN D EARZ TSN ENEDEMEENBRE A%, A PEMEEMEFS
J& AT LAJE B S Toutatis AR FAE K BB A XU/ INAT B, DR R AZE L A1) DAy B A 28 3 Ak DU/ N T 2 (R T R it
TR AR R

Hx, Wik — 5315 ) Toutatis 't 5 G AT DU IR T /0 M A 222 W A2 710 m361 m
F] A DA B 702 AN i T, 4R R TE E R A — A BR800 mi i i, 7E A EURE T, &
TR A TR ) S B AR R DT, AT T 800 mit o It i S H S I S kL
BRIIR /N, PSR AT B R S5 T8 5 4 Af, e i BB AU 70 T X e St SR IR KL T[] % B Toutatis/MT
B R AN B, S5 5 2% B B PORE T B0 S B B A SR AR Y B BAR T 4R — S 4 R IR, X
A ToutatisZR I 4341 A K EE 4> #RAN R H Tty MiAA vl RESRIR T JL I St 4 1) <B4

g, MT B RIS I35 B8] Rt /MT B IR BUE AL LI P AL E AR, S T HFFLA800 mi
TR P S H P S R [ 9 B Toutatis R 11 (A7 B 2 A 0, 75 B0 YR/ MTE 51 i

72018-06-243K 13 1H +-24 47, GIf: 44011 K L& T A hushoucun@pmo.ac.cn

46-1



2 X X % K 60 4

SO (AEREAT SMIETH SR, LRI R 2 ARE TR S i e BE RTINS, 9 T I
R, BATHE B 34k %% 8] ) Chebyshev 2 TS & 7 3R i HEA R NMT Z IG5 /135, %
TARELER ¥ A 5] Iy FE k4577 2, EFE 208 HIAMT B MHE 51 V1308 (AR K 26 b, SR T —Fhdk
WA T AR R 7 1R 20 R R A AR BT 5K, JF HLAR B R A B3 L)\ SO B3R /M T B AR T i
51 130 iR %, P Toutatis A fSUE FEHIR B2 07k R R 22 4R 1 51 Uit SRR, FERSFEZORA
A ) A LT R R 5 A IE AR 2

Formation Mechanism of Contact Binary Asteroid
(4179) Toutatis
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(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210033)

Contact binary asteroids are a kind of single asteroids with bifurcated (or bi-lobed)
configurations. Ground-based radar observations have shown that about 14% of near-Earth
asteroids larger than 200 meters in diameter may be contact binaries. Specially, the tar-
gets of the three minor planet missions, Hayabusa, Chang’e-2, and Rosetta, have contact
binary configurations. Contact binaries are an important type of asteroids for completely
understanding the formation and evolution of asteroids in the solar system.

(4179) Toutatis is a prominent S-type near-Earth asteroid, and has been observed by
many ground-based radar and optical campaigns since it was discovered in 1989. These
observations reveal that the asteroid is rotating very slowly around a non-principal axis,
and its 3D shape model constructed by radar data indicates that it is a contact binary.
Chang’e-2 spacecraft flew by Toutatis on 13 December 2012, with a nearest distance of
approximately 770 meters away from its surface. A series of high-resolution optical images
taken during the flyby confirm that Toutatis is a distinct contact binary composed of two
components. A sharply perpendicular silhouette is observed near the connection area, the
big lobe has an obviously elongated shape, and the connection locates at the long axis of the
big lobe. From a dynamical point of view, the configuration of Toutatis is in an unstable
state. Many researchers suggest that the Toutatis’ configuration may come from a low-
speed impact between two components, but the detailed formation process that how such
an unstable state become realistic is still not well understood. By employing the radar-
derived shape model and the optical images obtained by Chang’e-2, the research presented
in this dissertation mainly includes the following three parts.

First, a new 3D shape model of Toutatis is derived by matching the silhouette between
the Chang’e-2’s optical images and the existing radar model. With that, we assume the
precursor of Toutatis is a doubly synchronous binary asteroid composed of two spherical
bodies. The dynamical scenario that the binary precursor closely encounters the Earth is
investigated by applying the granular dynamical simulations in a wide parameter space. The
results show that the gravitational perturbation of Earth may lead to a m/s-level low-speed
impact between the primary and secondary, while the impact has a negligible influence on the
shape of the primary. But if we choose an appropriate flyby distance (about 1.4-1.5 Earth
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radii), the Earth’s tide may significantly alter the shape and spin of the components prior
to their mutual impact, and a Toutatis-like contact binary asteroid may be reconstructed
after the impact coalescence. This mechanism gives a new reasonable interpretation for the
formation of Toutatis-like elongated contact binary asteroids.

Second, the optical images obtained by Chang’e-2 show that 222 boulders from 10 m to
61 m across, and as well as over 70 craters, are identified from the optical images obtained
by Chang’e-2, especially a depression with a diameter of 800 meters locates in the endpoint
of the big lobe. We use a scaling-law method to obtain the size, position, and velocity
distribution of ejecta particles from the depression under strength regime. Numerical simu-
lations of the particles’ orbits are conducted, and the re-impact portions and their position
distributions are obtained. The results show that the total number and the volume of re-
impact ejecta particles are obviously lower than the results identified by the observations of
Chang’e-2, which means that most of the boulders on the surface of Toutatis did not come
from the crater, but may originate during formation process of the parent body.

Finally, we discuss the constraint of the gravitational field nearby an asteroid on it-
s formation and evolution. In order to study the distribution of re-impact ejecta coming
from the depression on Toutatis, we need to compute the orbits of these ejecta under the
gravitational acceleration of Toutatis. However, the computation cost will be high if we use
the polyhedral method to calculate the gravity. To eliminate this problem, we present a
new method to calculate the gravity near an irregularly-shaped asteroid by adopting the 3D
Chebyshev polynomial interpolation. We have compared four different gravity interpolation
methods, and the best one is recommended for the efficiency, in which the gravitational
acceleration will be decomposed along the local horizontal coordinate system, and then in-
terpolated separately. An error-adaptive octree division scheme is also introduced to reduce
the interpolation error near the surface of asteroid. We take Toutatis as an example to
show that the new method may greatly improve the computation efficiency of near-surface
gravitational acceleration, and it may be well used to perform the orbit propagation in case
that the precision is not rigorous.
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