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= Selected NEAS

s 443 Eros — first obs. from 1893
= Anteros — discovered in 1968

= 99942 Apophis (2004MN4)

= 2004VD17



The starting orbits of the
selected NEAs
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Methods of omputations

= Mercury package (Chambers, 1999).

= Planetary initial ephemeris: DE405/WAW
(Sitarski, 2002).



The influence of the epoch of
= the computed orbital elements

= The starting orbital elements of the
selected clones of asteroids for the
epoch of the beginning, middle and the
end of the observational arc were
computed by Prof. Grzegorz Sitarski
from the Space Researcg Center of the
Polish Academy of Sciences in Warsaw



Table 1
The starting nominal orbital elements of the selected asteroids

N AL a[ AT c tdonog Sizomn iznng
433 Eros - 5274 obsetvations from 140 789 days I:ISQE Ock. 29 - 20056 Jul. 3), tm==0.82"
The bominal etkit for the beginning of the cbservaticonal arc: epoch 1883 Oct. 24.0
1 30991504 HED 1. 16801360260 0.2227HQ003809 177249510835 305900161542 10°83462251
The bominal erkit for the middle of the obsetvational arc: epoch 1950 Jan. 18.0
2 28580217718 1. 16813788 0.223002F0701 178° 16510713 3H?69561818 10°83307842
The bominal etbit for the end of the obsetvational are: epoch 20056 Jul 04.0
3 102" 9R1RG106 116812110034 0. 22277396063 178" 8713 TRLG 304239105031 1078 2R9A5TL

1943 Antetox - 778 observations frem 11 658 days I:].QTS Blar 10 - 2005 Feb. 4:)
The nominal erbit for the beginning of the observational arc: epoch 1873 Mar. 10.0
1 330437 TO026 143141137237 0.2564596 T80 3377831211388 21F"A38355655 8A9534116
The nominal erkit for the middle of the observational arc: epoch 1889 Feb. 21.0
2 SR TO9RR3T 143012111552 0256083570912 33891120413 246750234136 8770342010
The hominal otbit for the end of the cbsetvational are: epoch 20058 Feb. 5.0
3 205718118558 113026762714 0.265692010502 338924318827 24610866106 BOT0414752

385942 Apcphis - 884 cbservations from 389 days (2004 Rar. 15 - 2005 Apr. 8)
The hominal otbit for the beginning of the cbsetvabional are: epoch 2004 Mar. 15.0

1 135° OR83A06Y 092197284 0.159118625 126%17021816  2U°RTETH23] 3U3333BBLT
The nominal erkit for the middle f the obsetvational arc: epoch 2004 Oct 1.0
2 276270888 09215966029 0.159118743 12618226653  2H°?6TE63013 3°33358226
The nominal erkit for the end of the cbservational arc: epoch 2005 Apr. 8.0
3 2129875611054 0. 92239074 015103240 126238279763  2H4T182960 3U3309TETY

2004 VD17 - 720 obsetvations Frem 117 days { 2004 Mew. 7 - 2005 Mar. 1), tms=042
The hominal erkit for the beginning of the cbservakional arc: epoch 2004 New. 07.0

1 2993516802 1.50328365 0.58381054 Q0270558 76A3 22193251131°7T 193232303575
The bominal etkit for the middle of the obsetvational are: epoch 2005 Jan. 07.0
2 BL?83101214 1.503018 0.5383754 QO?E9809952 221932541164 12322281115
The nominal erkit fer the end of the obsetvational arc: epoch 2005 Bar. 07.0
3 6372310800 1.50799076 0.58370064 GO0 B9BE30 25 221725019170 A% Z2ZBILTT

where M - mean anomaly, a - sermmimajor axis, e - eccentricity, wzggg - ergument of perihelion, 22505 -
longitude of the ascending node, zggp - inclination of the orbit. These orbital elements are referred to
the J2000 equator and equinos.



.IThe starting ellipsoids of the
errors of the orbital elements
for the epoch of the end of
the observational arc



The computed from
observations orbital elements
- of asteroids contain errors

Fig. shows the starting ellipsoid of
the errors of the clones of the
four selected asteroids — In a, e:
differences beween nominal ,orbit
and clones (x 1076)
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m) Test of computations

The equations of motion of the nominal
orbit of Eros were integrated 10,000 years
and 20,000 years forwards and then
backwards to the starting epoch



Table 2
133 Eros - The results of the forward and backward integration of the nominal orbit of Eros

M o [AU] e L2000 22000 2000
The nominal orbit for the beginning of the chservational arc: epoch 1893 Oct. 24.0 (JD 2,412,760.5)
start 309°%1504046  1.4580436926  0.22275909889 1779498510835  3205°00161542 10983462251

10,000 years 20891470004  1.4580426017  0.22275009067 177940510835  305°00161576 10983462249
20,000 years 230091463082  1.458043£913  0.22275010024 177940510835 305900161600 10983462248

where M - mesn snomasly, 5 - semimsajor axis, e - eccentricity, wappp - argument of perihelion, $appp -
longitude of the ascending node, tagpp - ihelination of the orbit. These orbital elements refer to the J2000
equator and equinox.



m} The propagation of the errors



= The computations were made for
different epochs

= The computations were stopped when
the mean distances between nominal

orbit and clones exceed one Earth
radius

= The error depends on the length of the
observational length



PR Y3 SL B 43 o DU S 0 RS U

I
-]
-

I
o

=

T
2

[Ipe! yueg agwi= np ap p sn eRp ag suosekn ey

|
-]
-

e pegagwEOpas o SN ERpan pUoREED el

- — M
3 EN L
o Py -
- oAty -
.15.\: v ¥ u._m
3 w3
" v - R
1 A
MELTACN
P
WhE
L)
5 .
Dy -
L 1
1#.5.-
.W... -
,
..,.M,. o
..m ar 45 -
ad
W_.. —
o - 4
8 o £ |
(3]} m ﬂ.,..
2 L0
M .
— T T T T T °* AN R R S L
3 - = ! 2 - = & & = =
]

[y ey 2 g il O EL Y 1 e S ) UGS L



The histograms of the
m) temporary distances of the VA



= Eros — 12,000 years — all clones are
Inside the torus, after 16,000 years —
128

= Anteros — 500 years — 189

= Apophis — 25 years — 196

= 2004VD17 — 1.2 years — 1/3 only
(out of 199 starting everywhere)
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Table 3
133 Eros - The time evolution of the temporary distances of the clones from the nominal orbit

time [ky1s] The number of clones in the intervals of the distance [AU]

0— a.1- 02— 03— 04— 05— 06— 07— 05— 09— sum
-1 -02 -03 -042 -0 -—-06 -0Y -—-08 -—-09% 1.0

start 199 199
1 JRIE 198
193 6 199

D 121 62 16 199
12 13 30 37 26 27 7 12 1 D 2 JREE

JLi 13 13 L5 12 17 11 10 14 1

L |
o

128




The close approaches to
m planets



= The closer the approaches to the
planets the more chaotic the orbit
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= Anteros has close approaches to the
Earth which has a greater mass than
that of Mars

= The orbit of Anteros Is more tangential
to the orbit of the Earth (1=8.7 and
1=10.8, respectively)



m The time of stablility



= 11me of stability

]
= IS the time after which we can observe

rapid growth of the differences in the
mean anomaly of the neighboring
clones

= Computations were stoped when dM
reached 180 degq.
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Computed orbits from
m different observational arcs



= Propagation of the clones depends on
the length of the observational arc —
example of Apophis



Table 4
00042 Apophis - orbits computed using different observational arcs

Nr M a[AL] e L'2000 22000 2000

06942 Apcphis - 884 observations from 389 days (2004 Mar. 15 - 2005 Apr. 8), rms=0.46"

The orbit for the epoch 2005 Apr. 8.0
1 2129875611054  0.92238674  0.18103240 126938275763 204947182860 3933097679

09942 Apophis - 329 observations (2004 Mar. 15 - 2004 Dec. 31}

The orbit for the epoch 2005 Apr. 8.0
2 212987500812 0.92230616 0.19103212 126938193365  204°47251401  3°%33096826
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m) Eros like Anteros



s Er0s like Anteros

]
s Eros and Anteros have similar orbits

= 10 eliminate the influence of the
observational arc and the number of
the observation of these asteroids a
selection of their observations was

made



s Er0s like Anteros

]
= [he observations of Eros were chosen
only from the time-span of the period of
the observations of Anteros: 1973-2005

= Every fourth observation of Eros was
selected: hence we obtained 763
observations of Eros and 775
observations of Anteros



Table 5
The starting nominal orbital elements of Eros and Antetos normalized to observational arc of Anteros

Nr M a| AL/ E L2000 Clannn 2000
The crbit of Antercs for the end of the ohservations arc: epoch 2005 Feh, 5.0
1 205918118558  1.42026782744  0.25592019802 338924348827 2469408661086 8970414752
The orbit of Eros: epoch 2005 Kar, 9.0
1 37945013740 1.45818348264  0.22277025074 178%67433495 304939910374 10982906384
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s Er0s like Anteros

il I
= Cause of the differences Iin the
propagation of the clones of Eros and
Anteros are different close approaches
to planets



m) Problem aphelion-perihelion



n Aphelion-perihelion (Eros)

= Observations selected around aphelion
and perihelion: +-10 deg.

= In aphelia clones are 6 times more
divergent then in perihelia and four
times than those from all the
observations

= In order to compute the real orbit we
must use all the observations



Table 6

The starting orbital elements of the nominal orbit of the Eros computed from the observations made near the
Eros’s aphelia and near the Eros’s perihelia

Nr M a| AU e L.'2000 22000 2000
433 Eros - the observations near the aphelia
The orbit for the epoch 2003 May 1.0
1 17900444344  1.45828828433 022204154341 178965211672  304°40466440 10983011320
433 BEros - the observations near the perihelia
The orbit for the epoch 2003 May 1.0
2 17908251353 145828827764 022203875013  1V8%FL330215  304%40473481 10983004480
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m} The errors in the sky plane



= For Observers
ul B

= Each of the computed clones of the
asteroid Is located In a certain distance
from the asteroid on the nominal orbit

= Fig. presents the region in the sky
occupied by clones for a given epoch of
orbital elements — similar to
,dncertainty Region (Confidence
Boundary)” at Milani NEODYS site
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