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Table 1 The GM of 16 massive asteroids

TR 2FK GM (km?/s?)
1 Ceres 6.2809393000000000%x 10"
2 Pallas 1.3923011000000001x10"
3 Juno 1.6224149999999999x 10°
4 Vest 1.7288008999999999x 10"
10 Hygiea 5.5423920000000004x10°
15 Eunomia 2.0981550000000002x10°
16 Psyche 1.5300480000000001x10°
31 Euphrosyne 2.8448720000000001x10°
48 Doris 1.1351590000000000x 10°
52 Europa 1.1108039999999999x 10°
65 Cybele 1.4264810000000001x10°
87 Sylvia 9.8635300000000004x 10"
88 Thisbe 1.1557990000000000x 10°
451 Patientia 1.0295259999999999x 10°
511 Davida 2.3312860000000000x10°
704 Interamnia 2.3573170000000001x10°
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Table 2 Close encounters between (349)Dembowska and the two
ephemeris bodies, 35633 and 135356, respectively

iR Rk Lene F/NIEE (AU) fo (TDB)
35633 2016-08-08 0.0035 2017-02-18
135356 2008-04-23 0.0012 2007-09-15
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Figure 1 (Color online) The ratio of the acceleration of 35633 from

various factors to that from (1)Ceres. The values for J2 of the Sun and of
Jupiter are below about 0.11, while the value from (349)Dembowska can

be greater than 1.
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Figure 2 (Color online) (a) AC4 and AC, of model SB431-N16 with
respect to SB431-N16 plus (349)Dembowska, where AC4 and AC, are
the differences of the two ephemerides expressed respectively, as linear
distance in physical space and angular distance seen from the Earth cen-
ter. The maximum of AC is 1000 km (0.8 arcsec). (b) AC4 and AC, of
model SB431-N16 with respect to SB431-N16 plus J2 of two objects (the
Sun, Jupiter). The maximum of AC is 0.15 km (0.0001 arcsec).
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Table 3 Astrometric observations used in developing the ephemerides

T I 7] B¢ (yyyy-mm) Mk ()

35633 (1980-01, 2018-03) 1215
135356 (1992-10, 2018-09) 493

250 w w
[ 135356
135633
200}

1501

100+

Number of observations
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Figure 3 (Color online) The distribution of observations of the objects.
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Table 4 Osculating orbital elements of 35633 with respect to BCRS at
epoch 2017-02-18(TDB)

B %L WAME € FE(1-0)

L KAZ (au) 2.5201152236 4.773275%1078
i 0o 3R 0.0487634522 1.849314x1078
A A (rad) 0.4822262948 5.071048x1078
FAZ 154 (rad) 0.2961984690 9.706329x1078
T AR B (rad) 2.0728061264 6.309929x1077
FIE S (rad) 4.0048967516 6.206549x1077

£ 5 3563353k IR SIPLII R Kk E HE Shr iz

Table 5 Mean and standard deviation of residuals for 35633 by using
ephemerides from this paper and JPL

Uik (Aa cos ) SDgcoss (A6) SD;
JPL -0.07 0.52 0.08 0.46
Beid 0.02 0.51 0.10 0.46
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Figure 4 (Color online) Difference between ephemerides of 35633
from this paper and JPL in right ascension and declination. A« cos¢d
come up to local maxima of 0.16, 0.34, 0.47 arcsec in the year of 2019,
2023 and 2027. This difference can be detectable with ground based tele-
scope.

B KAEO.16, 0.34, 0.47 arcsec, A LA 24 51 Hb i 98
WA b 1% 2 S 00 B R D N M I R Bh 71 AR
RUA—FE, B & 755 & 5 (349)Dembowska % T 32 2.
PR3 2 A UL N A 40 5 I TR) BOAH ZE AN K, T AE A1
J& 28 R IROR. IR A8 TR RUAN S8 & I, (KON AT g
IS A S B P B A 1570 U U s T £ B[]
J0, FE 15 21 LE IS 2 BTG I IR 7 3R, AR I ML
85 BB 18] () 224 FE A R I H K.

S45H T R R Y RS B o BE Y 8] 1)
Bk, Hfiyhho, R WO B T Fo KA.
M STTLUE e, F1 R AN € BEAE2010-20194F [H]
BUAIR(22 k) FF 57 Sy L

4.2 MTE135356

135356t 52 — i i 38 [ LINEARTH &I & B
T /AMT B, I AZ2001410 H 14H.

F 645 T B0 I 3R 5% T BCRS B ik I 038 AR
K. T 7AW T G DR SIPLII R AN T LA R
w2, Ho AR, FRE 7 AR ZEhr it ZE A s,

B S (190 2% OR [8)35633 1 3% AN i 5 2 B N (8] ) A2 4.
FE2010-20194F [A1 R (22 k) IF: 51 P i K< 1

Figure 5 (Color online) The uncertainty of ephemeris of 35633 change
with time. The uncertainty maintains a low value of 22 km in 2010-2019
and diverges in both directions.

# 6 1353567£2008-11-01(TDB)/Jj JG IS %I i i AR L
Table 6 Osculating orbital elements of 135356 with respect to BCRS

at epoch 2008-11-01(TDB)

HUB AL WAE i€ FE(1-0)
LKA (au) 2.8520422712 9.982895x1078
i 0o 2R 0.0818551199 3.082607x1078
MG (rad) 0.5554948322 9.761788x1078

T2 LA E (rad)
JrL AR (rad)
SPIL A (rad)

6.1818068981
1.4799998506
0.8966909568

1.101773x1077
6.707987x1077
6.354616x1077

7 13535640 R SIPLI £ 5 57 I # R ge 4t

Table 7 Statistics of residuals for 135356 by using ephemerides from

this paper and JPL
ViES (Aa cos 6) SDq coss (AS) SD;
JPL -0.04 0.51 0.09 0.44
Be s 0.03 0.50 0.10 0.44
Bl 2B I 2 AN K.

645 T MUt ) % HIPLI % 4£1960-20304F
W5 &6 2 5. WK on] LLE i, Sk &
5IPLI 3R 7 5 20084 TF 4G V6 B[]l Sz 1) 388 K,
T 7E2010-20304F (8] P & 22 57 W% /M (<0.08 arcsec).

Bl 745 Tl SRR AR B 1o BE I [R]
A4, KAt yhho, R WHb O F BT 2o BTk ik
(A, B 7RI CUE H, IR AN B 7E20134F
%29 k) F- 591 3 3 2 18 L
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Figure 6 (Color online) Difference between ephemeris of 135356 from

this paper and JPL in both right ascension and declination. The differ-
ence increases with the time goes back from 2008. The big difference
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may help to find observations from old images.
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Figure 7 (Color online) The time-dependent uncertainty of ephemeris

of 135356.
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Table 8 Specifications of the Yaoan High Precision Telescope and CCD

detector
2 B
H 0.8 m
fERR 8 m
[N 11 arcminx11 arcmin
BTGB R 0.346 arcsec/pixel
CCDEZHL 2048x2048

RO IPLPIR S St iR 5 Wk 2 R AR B G L 5 R
Gk xS L
Table 9 Statistics of ephemerides residuals with respect to observations

from Yaoan High Precision Telescope

5 B B o T R RARBEAT T 7 EW.
M201941 H9H 4L 31201943 A 30 H 135633
190 FAEE T 178108 K&, 201941 H 3 H 220194

i (Aa cos 8) SDucoss (AS) SD;
JPL(35633) 0.21 0.15 ~0.06 0.10
Ht(35633) 0.06 0.15 0.03 0.10
JPL(135356) 0.09 0.20 0.09 0.20
HE(135356) 0.03 0.20 0.06 0.20
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Ephemeris development for asteroids 35633 and 135356
and their orbital evolution induced by a close encounter

LI Fan'?*, YUAN Ye!?® & FU YanNing !

LPurple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210033, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China;
38chool of Astronomy and Space Science, University of Science and Technology of China, Hefei 230026, China

Based on the newly determined mass of (349)Dembowska, the ephemerides of two asteroids (35633 and 135356) were
improved by taking into account the effects of their close encounter with (349)Dembowska. A Monte-Carlo method was
used to determine the time-dependent uncertainty of the ephemerides. Reliability of the improvements were verified based
on the observations from the Yaoan High Precision Telescope. The improved ephemerides were compared with those
provided by Jet Propulsion Laboratory (JPL), for which the effects of close encounters were not considered. The results
show that rapid and significant orbital evolution presents in a short time interval around the instant of the closest approach
between the encountering bodies, which represents the effects of (349)Dembowska. Even though the effects will not
be detectable by ground-based observations in a certain time, the extrapolation accuracy of ephemerides will decrease
significantly without considering the effects when developing ephemerides.

ephemeris, asteroid, close encounter
PACS: 95.10.-a, 95.10.Eg, 95.10.Km, 95.10.Jk
doi: 10.1360/SSPMA-2020-0080
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