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I B EAFERE A S, BT Yarkovsky 28 %f311P /PANSTARRSHUIE AL ML, #+Hg T 3inciC. ek
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L ERUR LA R 2, Eanok e, i g
K AT E. B AR ABOK. rhid
JE KRR S R A2 HrR fE /T B AR A TR UK TR
FEUE VRIS B /N RARFR N 1 E B (Main-belt
Comet), 1117 P& FEAth PR 2R 5 U8 25 30 M 3 1) /s

*H R BAREEEETH (12173093 12033010), L7544 B AR 3234 T H (BK20191512), 1 [E #H A 2% M1 H (CMS-
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RABNIFR N “BEIR/MTE” (Disrupted asteroid). i
ARk, FRBLT K408 sh/IMT 2. Hod ok
SY BB AR T B R AT R ACIR T 34, (A7 (e — 2t
RIHPIEAFE, PR M R E A, Fik,
Xt i Bl /T R BIE AL B 5T T IR TR Bl NMT B
(R0 AT AR, AT R 3 R0 R BT s s /M T B 4R
LR TR [FIRT, @i 2 A iE Bl /T R I EUE T
FEMLE, RIS SRS S (1 4 B DRI S A PR A

311P/PANSTARRS, XFrP /2013 P5 (F 3
FR311P), 201358 H27H H X HHPan-STARRS (Pa-
noramic Survey Telescope and Rapid Response
System)i& K 1+ %I & Bl. 20135E9H, W& 3h ¥k 5
(Hubble Space Telescope, HST)M I #311P %
P& Dek LM E RS, X053
47 450 A (201354 A 15 H £20134E9H4H). 1R
Wi Jewitt 2B 70 R B, X 22 4% B A% & IR
HBEE M. 58 R ME) R,
311PH)TisserandZ Ty = 3.66, 1E/NMT 2 IS %
5 Y (B 2 i Tisserand S 5Ty < 3W4). X BLfGAE
# R B311PE — RBliE 3 /M7 A, 311P2“R i —
SRR MAE 55 2 —, “R I8 =57 1HI 120254 /&
KA =5 LB FOKET RS T2, ¥ 53 AR
FLHIE Hh/NT  (469219) Kamo’oalewafl! 3 H ()
TEB/MT AR 311PEL

SUPHI S AL F/MT B 7 M N 2, o
K A2 292189 au, A A& H 45 i L2 FE~0. 142F1 L /N
FIBE WA ~ 4.968°, HAIEMRE 5 H & I Florajfk
BE(~ 10° yrlO1)/NT E AL, FTRE R i sk it 2
—. Florali #f & — A~ B A 5004 & 72 1) K B, 1@
TE/MT BRI £ K 22 OB R AR SHL/MT
B S —J5H, it JewittZ5E B0 31 1P s F
HHRUVIPE A A —ANSHE/NMTE. Jewitt
L3I B w3l B8 3 4520134E9 1 10 H AI23H ) W
A PE 1F B A B3PR8 %) B % (Hy = 18.69,
18.54), M 15 F J LA = 18 28 5 Floralk #f (1) °F )
K E0.29 £ 0.09— 3, 15 F311PHA 174
9(0.24 £ 0.04) km. JewittZ58F-20154F] ] #4450
I 55201349 H £20144E2 A [ o e R 4 15
B3PI 5T B 4 FER18.98 4+ 0.10, AHMN [ %L
42 FFR(0.20 £ 0.02) km (5 % LA S 8 40,29
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+ 0.09). Hainaut% 5| f13.56 m# + A 2 i 55
(New Technology Telescope, NTT) 20134E8 H 2210
J3 WL I B L K SHY /AT B JUART B R 2245 3]
311PI A% PR YE F /£0.25-0.29 km. Jewitt%10]
FE20184F 1) FH 5 2 B 512015423 H 227 H 84k,
P Ot AR i 2 B T $R311P PRI g B B 4K
P, (EAE BB IR IR BN AR, K193 5
JA S N BR5.4 b [5]IS£E 1H 35040 T A5 3 1) Za 50t e
4N(19.14 + 0.02), FHM A A2 (0,19 +
0.03) km ({1 LA B2 40.29).

i LA B #cHls v U A BT HAhE 3 /N T
£, 311PH R /N, Lyapunovil 45 8 4 (T, =
31.6 kyr[') X @k 4E 5] 1808, Yarkovsky Fl
YORP (Yarkovsky-O’Keefe-Radzievskii-Paddack)
RN FLATE B S O SR R BIE AL I R
N A Yarkovsky 28 B R 52 W 452 /0 {H 3T 6 48 38 5 W
RIS R NT B B Yarkovsky 28 B 5 S04
e 2 i B R 2L R TE Sl ) S p i fE e A
A RN 5 B 5| JMARG] IR, A BT sl 1152 As
EMER RSB, A S UL LR, I FU311PAE
Yarkovsky RS 5200 R ) F2 € . 311PHI 1 2 P 3
YEJR K Z B0 AN ml s, A e Al AR Fenucci 513
B AE B9 5 155 Yarkovsky 208 512 6 2 K 4l
MRAT G AT, R RIS S28 0 A 4]
W E . BT I B A AR I B335
LTIV -k i ST < 7)) 3 CoN 25 o D S & o2
ILHRAT 45 B I bR, B4R DR T RIS, dE
T IR PR Al 4 DL A Y ORP AR X} 1L TE 1) 525 55598
R hEER.

2 &
2.1 45| HERMEIRE

A% SR F B BUE AR 4 28 /2 Chambers! 1 F
K HiMercuryf2 7 £ H (UBS  (Bulirsch-Stoer) Al
MVS (Mixed-Varieble Symplectic)® % Pl f Fe-
nucciZE1 Kt () Mercury #2 7 AL, H o 3 ) A5
TR 51 J3 860 6045 )\ RAT B LA R H 3R (39875 18 5t
BIRRAME, ABRFEEAHH 24t), 311P1E A
KL B EON0. AR 4 T i B R L9107 12, BRIr b
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KBNS d. ARILH IR T W5 )iyl
JI LB R N Yarkovsky 3082 5] 188 Ch R I8
78 A B i FR N Yarkovsky B 8. 7E4fi 5] 75
BN, MR B2 4l 5] Jysema ah, HAtAE 5] 714k
N334k 2. Yarkovsky B A2 8N T Yarkovsky 2%
REfR) 5] JIRERY . BAARTE WL2.2775.

WIMEFHJIPL (Jet Propulsion Laboratory)f]
HorizonsFT 25 # £, BT A K K A& B % H (Julian
day) 2459000.5 JD (202045 31 H ) if 21 (1 I 47
TE AR, 311P AR FR IS LR S H2456894.5 JD
(2014428 H 25 H ) iy ZI] (1) o s h e AR 4, BLAARSE %
w2 WAL, RPGONIE LKL, e NHPUIER O,
INHUEWA. WAL H RREA. QTR A,
MR S T LI 22 B N /M T B AT R
B3N 1 R — 2P 7T, 4 1o BUE 311 P A
MR ZE. POE NIRRT AL R Wa* € RO N
FRARETE, T € ROXCNXT R P 75 2256 B, 16 B
K5 T JPL Small-Body Database. N #5FREE 1)
NEZ%5 FE 3 AT R Ul * ME, CAD AT Z S 4 m
oy An. AR S AR, Fur € RO BRI =
oA, M AT 216

Au* +x*, (1)
RIABRARENE RO o0 A, Horh A e RO<CRT LA
F I Cholesky /- 0T 73 3), BIT = AAT, H
AN =M. R BIR T, H S A bR i
IEA /AT BEAL A B, BRI (1) A5 20548 5
53 Ai B ENE AR T
2.2 Yarkovsky® M X #EIRE

Yarkovsky 2 M. /& B K BH Ot 51 2 ) — Ffr e 2%
N, BT LASZ 0 B AR /N T30 kP /NMT 2 138 3 5
RIS 19T e RARMR MR BH #0585 AR TR
AW AR 25, TP A MBS ) HE ). H
T/AMTEMBEIES, /7 RN R, Kk
KBTI HEJ1 77 171 5 H AL B R EAAT, T
W0 [ 0L T B2 O T IR AR, T RIS R AR L TE
KB RAAEMBRO 2. Yarkovsky RN 40 A FFPAS
RN BN (da/dt) g FIZETT RN (da /dt),. i
B2 da /Lt A A 25N ) 288 .
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% JE Yarkovsky 80 W I — B an SR (1)K
PRORERAR, (i) PUIE S H RIS, (1) R 442K 1
JELR TN T FAE, (iv) B R Sl € . Yarkovsky 2 W
P R/NER T CUR LN PUE A B S 4 o0 BT
D. #Ep. RAEERMIFMABKMILHEC, H
MM Ay Py RIS R B L SRR B Fe.
TAE31IPH KA 2, P A X (RAHE
DLB %) AT 311 P K AR g R 181

% = (%) (a,D,p,K,C,~,P,a,e), (2)
FoAr R o 0 S50 2 AR AT, R FRATTAR 48 Fe-
nucciZE I 751k, I SR B ROk T (2) X
By th (K AR m RS 1) mT REAE.

% 1 JPL Horizons®1311P7#E2456894.5 JDRIHERE, *F
MH1oIRETEE. BHEFKIR: https://ssd.jpl.nasa.gov/.

Table 1 The nominal osculating orbital elements
of 311P and its corresponding 1o uncertainties at
epoch 2456894.5 JD, taken from JPL Horizons.
Data sources: https://ssd.jpl.nasa.gov/.

Orbital

clement Value 1o uncertainty
a/au  2.189085680217774  4.672 x 107°
e 0.115558163253637  1.513 x 1077
i/° 4.968041003605256  1.858 x 107°
w/° 144.2928059076631  3.317 x 10~*
Q/° 279.2893239140268  2.781 x 10™*
M/°  39.87346296920205  1.677 x 10~*

2.2.1  Yarkovsky RN FIHI{E 132 B

HEFEKE: FRAEMNIoAEEIER /N, K
2381078 auJBE R (WKL), JLPF ALl
KHERL B A AH LR 22, TR I A FR PR P (1)

W OIRREL.
BRTIER: BBl LA R 22
D= 13\2/?%“10‘1{/ & (3)

Horbpy & JUT R 82, HZ4axt 245 H At 5t
R AE 4 Y HERR A LA B I, DR AR SCaE#E T T
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[ 77V AT Ml vt & X 311P R 43 J= R 2K 40 #h P2 18], 5ARE11:3ILARAHAE, K HLyapunovitf
J5i% (Hierarchical clustering method, HCM)23-24], (A%, ~ 31.6 kyr. Behrensik BN A 48K /MT
RIAE AR AR B 1) s 2 — AR S A (2 2 3R 36 B JUAT R ER U, K2 P RN IX A5 /IMT B 1)
JEHEE B, HAIm /s), ik R BE S R Y 2 JUAT e R 2R s . DL AAS /INMT B2 53 1 JLART e 1
W EITA /T R, RO BT LE ) /MT B IR, AAE FONHETHE 3518, 15 3 BehrensfBHE V35 J LT [
FRAE — TE IR A 8RR 7043 21 1 P SRR . 2 Npy = 0.285+0.025, FFN311PHI LT S
Hsieh %518 | FHHCOMIR 51l 153 £ 531 1P ¢ 1) fr #. 5 Jewitt %55 8 OB M Flora iR #E (1135 )
H/MTE, I 2 NBehrensiE#E. AR /IMT 2 MR AHLL, BehrensiR AT BESE NERE, HATREA 3L
A W 5 Ast Dys Ff RO 311 PHEAT IR, 7 FE & [F A2 U, DR HE 311P I J LA S HE 28 % JyBehrensjik
{8 949 m /s 15 22540 i 172 [ Behrens i #F. FEIP Y S FRCR N A 3. 4axt 225 H = 18.8+£0.6
] 152 Behrens % #f 7E AE AR 02 (8] 9 20 A 15 00, HH IEJPL. HAH (3)=UrT I3 2D = 433 + 121 m.
KA %1311PH7 F6M-3S-10A 54M+1S-7A (“M” X, £ T3P &, tT X 311P & 48 H0 &+ R B
K HEMars, “S”ACFK T A Saturn, HFRREHF LA i 7] T SAY /T B, DR FE S Y /T B ()P
I 5] [ B A 52 B0 H i L A9 ) 5 A =44 F iz 3h 3L By, Blp = 2720 + 540 kg - m 3129,

T T
| ® 1
: 0.098} |
0.146 | : ° . :
1 1
1. 1
0.145t 1 0.097 :
1 i
1 1 e
1 ) 1
$0.144 I £ 0.096 H
I 7] 1
I 1 .®
| 1
0.143} ! ]
1 0.095 1
| 1
1 : *
0.142 - 11J3A : * | - 11J3A 1 ’
------ 6M-35-10A 1 0.094 |-+ 6M-35-10A 1
—— AM+1S-7A ° : —— 4M+1S.7A :
2.178 2.182 2.186 2.190 2.194 2.178 2.182 2.186 2.190 2.194
a,/au a,/au

Bl 1 BehrensHBEHEAMEARES WK AT, 72 BURAMELEKA (ap ) FIARE RO (ep ) IS E 0], A7 BURAE P BNAAAE G F 1%

B (sin ip ) IZFR . Kb R SRR31IPALE, [ i nBehrens B, mIIR/ANG B BIA R EARRANELEES]. B8 BRI 5 RAT RN
AR AHUEIR AL, BRRIR11T:3A, MERFIR6M-3S-10A, RELFFAMA1S-TA, HJRFAR, MERKE, sErRtA.
Fig.1 The distribution in the proper element space of the Behrens family members. The left panel depicts the parameter space
of semi-major axis (ap) and eccentricity (ep), while the right panel illustrates the parameter space of semi-major axis and sine of
inclination angle (sin,). Star represents the location of 311P, while circles represent the location of family members. Sizes of
circle symbols are proportional to the estimated diameters of the corresponding objects. The labels indicate positions in
resonance with the major planets. The dashed line represents 11J:3A, the dotted line represents 6M-3S-10A, and the
dash-dotted line represents 4M+1S-TA, where J represents Jupiter, M represents Mars, and S represents Saturn.

SHERK SRRBWEIKB T31IPMA 01 W -m™ K- WEHE N, RIARE S AELT
gy SLBRRMREE L, ARYE AR 1R IR 57 AT g FRABEKR, —MRAEI-L0W - m! - K-HEHE A,
KB BERR, AEEECRR @R BT, REESAEBEEINEL T SHRAL R KT
RIMAAERAZE, SRABEAL, —MK7E0.0001- 10W - -m~ ! KL X—ZH08 & RMN, T2
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AN ECHE b G 21 AW 51 Yarkovsky RS R I 4 5K
ik, X T IX—Z 8L, —J7H % ER311PE
i) T2 A o RSB /INMT B 53— J5THl, Fenuc-
IS SR BA, RUBE /N HLU AR (1 /M T B 7 g
SIERMRAT — L RAAE. HIASGER 75415
AN TR 2 R AH SR IRME, 42 3l 2 K € {0.001,0.01,
0.1,1,5} (W-m™t- K1), Hrai3AME# & 7R
KA JZAELE I PR, J5 P AME 25 18 T R A
[ FLRE 2 A #RA I AT BE AL,

%< 2 BehrensiZBE F/LMAI R BERA/MTERE1I0RET

ESERZEK/). #IEFRKIR: https://ssd.jpl.nasa.gov/.
Table 2 The known geometric albedo of the

Behrens family and the corresponding 1o errors
and sizes. Data sources:

https://ssd.jpl.nasa.gov/.

Asteroid lo
name v uncertainties Db/m
1651 0.381 0.052 8963
3672 0.268 0.04 5616
13410 0.237 0.043 2654
88630 0.316 0.161 1240

EEIRES: LE AR FFE R T/ IMT B R Ry F R
R, (AR EA SRR . TR
il 78 55 AL 2 B 6 (1 8 A E e MT B, 1%  —
HEAL600-700 J - kg1 - K127 H4h 554 A H0H
EE, EERAIAH SE PERT T da/d eI /N,

B 311PH E F R A & AR 5,
ik cos v € [—1, 1]MIBENLIE.

B EER: BRI — M oA il 4k i e,
SR E T VLI B TR0 A B, B AT A B R R
YA 28 s BLEIE B 311P Jy B e 55 (1 /T AL
DAL L 56 - 2 SO 1 s 1, B8 AR o T P D ke
WP, B Hve = \/2Gm/r, hGRFH Bl 1%
B, rE31PH AR, mASTIPHEL % (p = 2720
+ 540 kg - m =) T BIAE R, T4 ) E A
B FUB Poie ~ 1.4 + 0.2 h. IA311P & —Wijie s
2B W iE ) /ANMT B, AT E R A E B I
1H.

RE ARG ERIMMUTFRE: OstrowskiZE 28] & fijt
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FUE A RS2, RAITE0.9- 12 18], T &5 2e il
T 2 B3 U K AR RS 2, R I A
RS RITFHIME, 0.984. Wk 5 Brode & /M T A
RSO FHG L, Ha = 1 — Apflith g
H, Hop A YR BRI — 5T & /T B RIR
1 RN F0.15129 )[Rtk K Z17E0.85-1.2 [A]. [F]
FE, BT AR S B R R AH E M, E AR i
W R B R ZE A R K AR W A 7 AR R R,
BRI SR BN

2.2.2  YarkovskyR N Ak vt

FIH b — /N5 BT ik 1 Yarkovsky B 8 A= ik
1077 20 & 3 43 A 1 ) 46 Hods, A (2) AT B O
SUIPHI K Al 2 e da/dt. SR G 1 F A% 2 Bl it
1R BIA R 3 P R BB I LM 5 B R 2, 25 R
WER2FTR.

TR DT T LR SRR AP AT R
PEEKBIE, — AN IEE—AN . X2 s T (2)a0
PERMMNIUE E S, HS5cosyIEH. MK =
0.001 W - m~ - KHf, 1F 4 % fll 5¢ T-da/dt
0 au/MyrJUF X FRIF, BiE KE G KR, fUE S
ELiziii K, AEK = 5.0 Wom™ K JL P4
B o A AE A, B AE — O I AN A, IEAE
AN £ AR 72 JEH /NI da/dt (~ 0.0001 au/Myr)Ab.
TP L IR I 2 R bR T R AN T S B R
JSLTRURR 24, T 2 AR A S T B K AR T S
B 0 AR R B 1) U I XF T/ 3
PAB(WK =0.001. 0.01 W-m~' - K-,
2 A il i B2 AP, T OA $40.0008 au/Myr, 1M R
TK=01W-m™ K, K#HN+0.0003 au/Myr.
WFBRKERAHK = 10W - -m!' - K1,
D) 3= 4R b AR A7 E I, 29 J9—0.0002 au/Myr P
KK = 50W - m~' - KB P AN f g, 4
N—0.0004 au/MyrF1—0.0001 au/Myr.

R

A 2,175 7 53R AL A5 00 I ORE 1 AR 40 5
TR AT HUE AL, 2R 5 T R RE A Ok
TIRAN2.277 Hh it () Yarkovsky U4 462 2 1
BEATHRIE AL AL,

3
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Fig.2 Modeled semi-major axis drift rates da/dt caused by the Yarkovsky effect for asteroid 311P, provided for various values

of the thermal conductivity K. Red curves represent continuous probability density function using the kernel density estimation.
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3.1 KHPEW®K

afi 5] 7B RLR B bR AR U IE W EI3FT AR, 6M-
3S-10A R LR 067 Tra ~ 2.1886 au, FLIR % )&
2] 40.0012 au, 4M+1S-TAR) L 4R B 0042 Ta ~
2.1895 au, IR % & 29 40.0017 au, K HE311PAL
F[2.1874, 2.1912] auffy FL 4R X 42k . & o AT 0
fE~ 17 Myrff, 311P A6M-3S-10A = 44 3 4iz Bk X
BAMA1S-TA = AR ISR, 2 J5 76 WA 55 = AR L 4R 1]
KIEIBRER, (H311PAE P55 = ARILHR 1) 520 T VR
PHOFAHE, (W2, MMA5IEHEgEARRRE
FasE, 7 lfEe € [0.05,0.22] i € [2°,8°]s ¢ € [1.70,
2.05] audl [{l N, IX 308 P AN 55 = R SRR A
SNSRI B B4 g 5] 388 1500
AN L T 7 (—1, 1) Myrls i) [X 8] P9 803 2 K

BREACTE |, B R B i 22 B kLT KR
(1P S5 4E, A B X 302 B A R TR K AR AR e =
VU EEL, g O RO AE (=1, 1) MyrffAx s A AL AS
B 5. AT B T B 30T e 25 A /DS, 0 BH BT DR R
FHBE AL S, 7540 K Z1200 kyr AL )G,
s 1 22 T 06 38 T 48 K, H T ¥4 45 752.1886 aufff
I, XU BALE Al 5] IR AL I LR 526 M-3S-10A 3
PR A S K. 5 )2 3 I Yarkovsky R8I
HLF R B AL VS L BT E, 758 i Yarkovsky
Z8ONE i IR —F U FE R 2060 Loy B b 22 3t FF U
WK, P IE B & T Al 5] AR R T L
8. Yarkovsky RS 1 5] N FECEK B FIEE
~ 2 x 1072 aulIWZE, 1702 5 00 78 R ] R
FEWJLFRE AR L.
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Fig.3 The long-term evolution of 311P’s nominal orbit over 50 Myr, computed within a purely gravitational model. From top

to bottom, the panels depict the semi-major axis, eccentricity, inclination, and perihelion distance.

T W FtYarkovsky 2 B %311 H ¥ 44 1
s AT A EH T A M EEEK =
0.001 W - m~" - K~ ) Yarkovsky 23 J& 100 I35
BF HIHIE DA R(a, e, d). B 50K BLE AR %2 [a)
(a,e,i) NAa x Ae x Ai, HHAa = 0.004 au.
Ae = 0.001. A= 0.1°, 8JExHE0R 7 AT P 1E
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AL, VA AR50 Myr, it B 1R (8] (@ A 10 kyr,
HHEVRAERE N XA N IR B, e ez A

13
// R(a,e,i)dadedi = 1. (4)
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Fig.4 Evolution of 500 orbital clones of 311P in the time
interval (—1, 1) Myr, based on a purely gravitational model.
The central black line represents the average of the
semi-major axis and the gray filled area represents the

corresponding standard deviation.
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Fig.6 Orbital distribution of the orbital clones in the plane (a, €) (left) and (a, ¢) (right) in the purely gravitational model after
50 Myr. In the (a, e) plot, the red curve is the boundary of the near-Earth object (NEO) region ¢ = 1.3 au, the black curves are
g = Qrarth and Q = Qgartn, the dotted black curves are ¢ = gumars and Q = Qumars and the dashed black curves are ¢ = gvenus and

Q = Qvenus, where Q is the aphelion distance, and q., Q. are the perihelion and aphelion distances of planets, respectively.
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Fig. 7 Orbital distribution of the orbital clones in the plane (a, e) (left) and (a, %) (right) in the gravitational model considering
Yarkovsky effect of K = 0.001 W-m™' - K~' after 50 Myr. In the (a, €) plot, the meaning of the curves are the same as Fig. 6.
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Fig. 8 Distributions of time spent in the resonance region of
311P orbital clones under the Yarkovsky effect included in
the gravitational model, and the corresponding value of
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corresponding numerical values are also shown in the label.
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Table 3 Percentage of clones that ended their

evolution by colliding with the Sun, Mars, or by
being ejected from the Solar System. The last
column indicates the percentage of clones that

survived the entire 50 Myr

Coll. Coll.  Other .
K/ . . Survived
1 1, Wwith with removed .
(W-m™ -K™) . objects
Sun Mars objects
0.001 5% 0% 1% 94%
0.01 1% 0% 0% 99%
0.1 1% 0% 0% 99%
1 0% 0% 0% 100%
5 0% 1% 0% 99%

= 4 EEIESHREBB Yarkovsky 3N T 311P K F
53 M EMITES R, KA EZILZCASNER

Table 4 Close encounter frequencies between
311P orbital clones and three terrestrial planets
(Venus, Earth, and Mars) under Yarkovsky

effect with varying thermal conductivities

K/(W - -m™.K™) Venus FEarth Mars
0.001 7% 8% 27%

0.01 2% 2% 16%

0.1 1% 1% 6%

1 0% 0% 3%

5 1% 1% 10%
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Table 5 The probability and median timescale

statistics of orbital clones reaching the
asymptotic state and spin-period splitting limit
under the gravitational model considering the
YORP effect with different thermal conductivity

K/W-m™ K™ tagm” Pren®  tot®
0.001 950 kyr  94%  2.03 Myr
0.01 1Myr 88%  1.83 Myr
0.1 691 kyr  82%  2.65 Myr
1 906 kyr  89%  1.80 Myr
5 1.3Myr 94%  2.41 Myr

# Thermal conductivity;

> The median timescale for orbital clones to reach
the asymptotic state;

¢ The probability of orbital clones reaching the spin-
period splitting limit of 1.6 hours;

4 The median timescale for orbital clones to reach

the spin-period splitting limit.
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model with different thermal conductivity
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Dynamical Characteristics of Active Asteroid
311P/PANSTARRS

XIN Ying-qi%?  SHI Jian-chun!®?  MA Yue-hua'?  CHEN Yuan-yuan!
(1 Key Laboratory of Planetary Sciences, 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 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(4 Center for Exzcellence in Comparative Planetology, Chinese Academy of Sciences, Hefei 230026)

AsstrAacT Active asteroids have received lots of attention since they were discovered. 311P/PANSTARRS
is one of the most interesting active asteroids in China recently and one of the targets of Tianwen-2. Because
of its small size of about 400 m, the Yarkovsky effect may have a significantly influence on its long-term
dynamics. This paper discussed the changes in the long-term motion of 311P/PANSTARRS caused by the
Yarkovsky effect. By assuming different surface compositions, this simulation introduced the semi-major
axis drift by propagating orbits of orbital clones, and the effects of other factors such as close encounters,
meteoroid impacts and YORP effect on the orbit evolution of 311P/PANSTARRS were also discussed.
Additionally, we estimated the time scale for 311P/PANSTARRS to reach its rotation period of splitting
limit. The results of the simulations show that the Yarkovsky effect may cause 311P/PANSTARRS to
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exit from the resonance region faster when compared to a purely gravitational model. 311P/PANSTARRS
will leave the current resonance region after roughly 10 Myr and have a chance to become a Mars-crossing
asteroid through vg secular resonance due to the diurnal Yarkovsky effect if its surface is covered by a re-
golith layer. It is concluded that 311P/PANSTARRS is stable at least 10 Myr time scale even if taking the
Yarkovsky effect and the YORP effect into account. Furthermore, the YORP effect may not significantly
affect the semi-major axis drift of 311P/PANSTARRS.

Key words celestial mechanics, methods: statistical, planets and satellites: dynamical evolution and
stability, minor planets, asteroids: individual: 311P/PANSTARRS

B % LA B R R TSR K A CRIMT %
Ii*U)ﬂYarkovsky%thE’]@Z&i?ﬁlrﬁé*ﬁ%{ fgpﬁﬁ%. ﬁ\:q:' Q%ﬁl%wmtﬁﬁ?/ﬁﬁ%{&, WrchH

IR BN KR, St gty k1 2 1R MR RIS HAI RO, MO, H
B BRSBTS SR K e FAIUE

INITED
g ViKCim o VPRCuny

d 8a P O4 = , O 10
(57) =% o-F(R.e)csy, (6 NS, otz - 10
da 4o <I> . o . N .
(E) =95 F(R!,,04)sin7y, (7) oy NStefan-Boltzmann# £, e AR K GH, TN

HF A, HeoT? = oW, ik (6)30A(7)38
Fly IR T R ) 4 2 45 B R B 8, 9 L
i TR KRB RS, FIFRis=N:

Horpr, o3RI R 8L, NGRS R TI R4, @
— TEWe oy JOREE B K FHa (au)db/MT R TR
E’Ji(ﬁﬁ%%ﬂﬁi e NEEHFHDIEE, R, Mm, 505

T BB AR, we NFIEENFIELE, YN , ki (R) O

[ AR, F R 26 T /INT SR R R 2 M FIR.O) =T L merm@e W
SRR B RURIRL Ay B /MAT B2 A 4 1

ML, 5 XN FMhys hon ket R 4 RO 2 10 IF AR T R L, R

p_ B o _R ®) MTH & X AE Vokrouhlicky 839 EL £ 41 45 H. i

T T R, HCT RO 5, % 08 MR B A kK

SH e 1L 53 ) 8 207 25 0 i 1 AN, ELAEAAR 3 B190° I i B K, ZE0° B 180° 4

wE, Bl I 0. A BCRN MIAEy < 90°I 2 KA1 K,

K K FEry > 90° I FARARI/, FEMUA 0° BL180° 1% M

W= o T st O (RRRK, R 990 B AL,

18-16



