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ABSTRACT. Our investigation demonstrates that the asteroidal objects
1983 SA and 1983 XF can be considered as temporary visitors of the 4/3
and 2/1 resonance with Jupiter, respectively. Evidence is given that
both objects are first rank candidates for a cometary origin. The case
of 1983 SA is remarkable in so far as (279) Thule is up to now the only
known asteroidal 4/3 librator.

1. INTRODUCTION

Object 1983 SA has a perihelion distance g =1.21 AU and an aphelion
distance Q =7.25AU. Equivalently, the semi-major axis is a =4.23 AU,
and the eccentricity is e =0.71. The orbital inclination i amounts to
31°. In case of object 1983 XF, one gets q=1.45AU, Q=4.78AU

(or a=3.12AU0, e=0.54), and i =4°,

The aim of the present paper is to investigate the question of a
dynamical relationship to comets. 1In fact, the orbital characteristics
of the two objects, as given above, are not usual for asteroids. The
values for a and e, and for the Tisserand invariant T (1983 SA: T =2.49;
1983 XF: T =2.98), are rather typical for a considerable number of short-
period comets, cf. Kresadk (1979, Fig.1l). Additionally, the orbital
features are dynamically interesting, since 1983 SA is obviously close
to the 4/3 resonance with Jupiter, whereas 1983 XF is not far from the
2/1 resonance.

2. BASIC MATERIAL

According to the Minor Planet Circular 8678, the orbital elements of
1983 SA have been determined from 54 observations during the period
365
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1983 Sep. 10 to 1984 Mar. 3; the mean residual is 1"2. 1In case of

1983 XF the published orbit is based on 35 observations during 1983 Nov.

28 - 1984 Mar. 8; mean residual: 15 (see M.P.C. 8679). In the fol-

lowing, we call these elements "new initial values" for an integration.
"0ld initial values" are taken from M.P.C. 8394 (1983 Sa, 41 ob-

servations 1983 Sept.10 -Nov. 9, mean residual 1'1) and M.P.C. 8467

(1983 XF, 24 observations 1983 Nov.28 - 1984 Jan.4, mean residual 1"5).

3. MODELS

We used three different dynamical models. The first one is the three-

dimensional elliptic three-body problem Sun-Jupiter-massless object.

The eccentricity of Jupiter's orbit is 0.048061 (cf.Astron.Ephem.1984)

and Jupiter's mass is equal to 1/1046.390 Solar masses. Details of the

integration technique (fourth-order Runge-Kutta method with variable

step length) are given by Benest (1974). 1In the second model, Saturn's

perturbations are taken into account. Finally, the third model includes

all major planets fram Venus to Neptune; Mercury is added to the Sun

and Pluto's mass is neglected. The integration technique in the last

two cases (four-body model and nine-body model) is Bulirsch and Stoer's

method (1966), where the step length is also variable; masses and initial

values for the last two models are taken from Schubart and Stumpff (1966).
We consider the old initial elements as a reasonable variation of

the new ones. In any case, one might expect that an integration of both

sets in three different models, using two different integration tech-

niques, reveals a reliable picture of the dynamics of 1983 SA and 1983 XF.

4. RESULTS FOR 1983 SA

The new initial values of 1983 SA have been integrated backward over
1 000 yr in the four-body model. During this period the object is in
4/3 resonance with Jupiter. This result is shown in Fig.l, where the
"critical argument" 04,3 (according to Kresak, 1974) is plotted versus
time. For convenience the definition of 9/q is as follows:

. (p-q) d-pl +aql
Here, p and g are relative prime integers with p/q=in/nJ, and n, £, ®
denote mean motion, mean longitude, longitude of perihelion of the mass-
less body, and the subscript J refers to the corresponding Jovian
quantities.

The evolution of a is given in Fig.2. The jump of the semi-major
axis at - 64yr (counted from the present) is probably caused by a close
encounter with Jupiter at a minimum distance of 0.64 AU. During the
integration interval from -1000yr to the present the argument of peri-
helion, w, increases from 275° to 317°, see Fig.3, whereas e decreases
from 0.79 to 0.71, and i increases from 18° to 31°.

A backward integration of the new values over 400 yr in the nine-
body model shows no significant discrepancies; in particular, the
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Fig.1. 1983 SA: evolution of the critical argument O4/3+ Time is given
in years counted from the present. Every 2.7 yr a small triangle is
plotted.
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Fig.2. 1983 SA: semi-major axis a versus time.
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Fig.3. 1983 SA: argument of perihelion w versus time.
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libration around the 4/3 resonance is confirmed.

Moreover, an investigation of the new initial values in the three-
body model, and of the old initial values in the four-body model lead
to practically the same librational feature.

5. RESULTS FOR 1983 XF

Analogously, we have integrated backward the new initial values of

1983 XF over 1000yr in the four-body model. The main result is that
since about 900 yr the object has been trapped into a libration around
the 2/1 resonance. The critical argument 92/1 is plotted in Fig.4, and
Fig.5 shows the semi-major axis. Before and after the beginning of 1li-
bration we found close encounters with Jupiter (minimum distance at
-986 yr: 0.37 AU, at -819yr: 0.36 AU). The smallest minimum distance

was reached at -558 yr, namely 0.29 aU.

%n 1983 XF

180°

1

120

AL TS NI

ey

L4
o
Rp
st
N

S
oL
o

0 08 -06
TIME (16%yr]

Fig.4. 1983 XF: critical argument 0,1 versus time.
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Pig.5. 1983 XF: semi-major axis a versus time.
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Fig.6. 1983 XF: eccentricity e versus time.

The eccentricity shows an oscillation of large amplitude following
the period of libration, while the mean value of e decreases (roughly
spoken) from 0.54 to 0.48; see Fig.6. During the whole time interval
between -1 000 yr and the present, the inclination takes values between
10° and 3°.

As in the case of 1983 SA, the nine-body model (new values, back-
ward integration over 400 yr) confirms the results of the four-body model.
The three-body model confirms the librations.

Larger deviations have been found in the evolution of the old in-
itial values (four-body model). After a more or less chaotic behaviour,
where a takes values up to 5.5 AU, the libration around the 2/1 resonance
started only about 300 yr ago. It is interesting that at the same time
the object approached Jupiter up to 0.14 AU.

6. REMARKS ON THE FUTURE MOTION OF 1983 SA AND 1983 XF

A forward integration over 2 000yr of both new sets of initial values
(four-body model) indicates a rupture of the libration. In case of
1983 SA the libration ends after 600 yr; a takes values around 4.6 AU.
1983 XF leaves the resonance near +400yr and ends in a rather chaotic
orbit (a >6 AU, minimum distance to Jupiter < 0.1 AU).

We mention that in case of 1983 SA ® reaches a maximum value of 318°
and is finally reduced to 286°.

7. DISCUSSION AND CONCLUSION

Our results are surely affected by uncertainties of the starting con-
ditions of both the massless bodies and the planets, as well as by errors
of the masses of the major bodies. Nevertheless, the following
conclusions should be sufficiently realistic. Moreover, Hahn and Rickman
(1984) found in a three-body model the same dynamical behaviour.

Both 1983 SA and 1983 XF are in orbital resonance with Jupiter, at
least temporarily. 1In each case the amplitudes of the critical argument
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are very large and the object passes repeatedly close to Jupiter. We
note that (944) Hidalgo is the only numbered asteroid which can pass
similarly close to Jupiter (0.38 AU; see Marsden, 1970).

The libration of 1983 SA is remarkable, since (279) Thule is so far
the only known asteroidal librator of this type. There are indeed some
conspicious dynamical differences: The maximum eccentricity of the
orbit of (279) Thule is 0.14 corresponding to Q =4.9 AU, the miminum
distance from Jupiter is not smaller than 1.1 AU (Marsden, 1970). The
critical argument oscillates around 0° (see Takenouchi (1962), where the
reader should replace 6 by -04/3). On the other hand, the orbit of
1983 sA is highly eccentric and Q >ag; 04/3 oscillates around a value of
roughly 210° and the oscillatory behaviour is obviously disturbed. The
object approaches Jupiter up to 0.6 AU according to our backward inte-
gration. The forward integration yields 0.3 AU and an entirely different
type of motion is indicated for the future, where a ® 4.6 AU, a value
which is unknown for asteroids.

In comparing 1983 XF with asteroids, one notices that the 2/1 1li-
brators (1362) Griqua, (1921) Pala and (1922) Zulu have stable motions
and cannot approach Jupiter closer than 2.0AU (cf. Schubart, 1979).
Actually, the motion of 1983 XF, characterized by a temporary libration
involving close encounters with Jupiter,is rather typical for a certain
mechanism of cometary 2/1 librations. A well-known example of this case
is comet P/Pons-Winnecke (see Marsden (1970), Kresdk (1974), and Vaghi
and Rickman (1982)).

In conclusion, our investigation demonstrates that from a dynamical
point of view, 1983 SA and 1983 XF must be considered as serious candi-
dates for a cometary origin.
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