CAPTURE OF THE COMET P/BOETHIN BY JUPITER.
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ABSTRACT

The pessible effects of non-gravitatisnnal forces on the metion of
the cemet P/Boethin are investigated for various values of the erbital
period. A time interval of 2000 years backward and forward is treated.
The authers find in all cases that the comet librates temperarily around
the 1/1 resonance with Jupiter as a remeote Jovian satellite during at
least twe centuries.

1. INTRODUCTION

Comet P/Boethin (1975 I) has been previously shewn te librate around
the 1/1 resenance with Jupiter during at least a few centuries, and te
have a very remote satellite metien around this planet (Benest et al.,
1980; see also Benest et al., 1981). Mere recently, the authers began
to study the influence ef nen-gravitationnal ferces upon this behavieur,
first using a restricted four-body medel (Sun-Jupiter-Saturn—cemet;
Benest et al., 1982).

We present here the results obtained for a more complete set of
conditions with the restricted three-bedy medel, integrated with a
Runge-Kutta methed with variable step, where we combine the influence
of varying orbital peried with non-gravitatiemnal ferces.

2. CALCULATION

In a rotating-pulsating frame centered on Jupiter, the motion of a
remote satellite is composed of a fast metion aleng a bean-shaped curve
107
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which librates slewly aeround the planet (see figure 1a). Before capture
end after escape, the comet can be still in 1/1 resonance with Jupiter,
but the bean—-shaped curve either librates around a point approximately
symmetric to Jupiter with respect to the Sun (which we call an "anti-
satellite libration"; see figure 1b}, or circulates cantinuously areund
the Sun.

We heve computed 25 orbits for the comet over 2000 years backward
and forward. One of these, hereafter referred te as the "central orbit”,
is based on the elements in Marsden's (1979) catalegue and correspends
to purely gravitetionnal motion. Besides, we have treated four different
gravitatiennsl orbits varying the erbital period P at the starting epoch
(1974 Dec. 19) by AP=+ 8 d and + 16 d. We have also treated 20 non-
gravitationnal orbits, 4 for each starting period. As for the four-body
calculation, we adepted the standard expression for the nen—gravitation-
nal forc (Marsden2,197d) with the same set of velues for A,: + 1.5 and
+ 3, 107 a.ti./day".

For each orbit, we have pletted a (semi-majer axis of the orbit of
the comet), 1-1, (cometary mean longitude minus Jupiter's mean longitu-
de) and d (mi#imum distance between Jupiter and the comet over one
peried nfcghe comet) versus time (see figure 2, here for the central
mrbit). On these plots, the libration motionms correspend to oscillations
of g around the value of a, (Jupiter's semi-major axis) and of 1—1J
around 0 (satellite) or + 180° (anti-satellite); during a
circulation, a stays always greater or less than a, and 1--1.J varies
monotonously.

Figure 1. Satellite (a) and anti-satellite (b) metien for P/Beethin in a
rotating-pulsating frame. Full (resp. dotted) line: part of the orbit
above (resp. below) Jupiter's orbital plane; the perpendicular slashes
indicate when the comet is at a maximum distence from this plane; the
little open marks indicate when Jupiter is at perihelien or aphelioen.
The arrew en the left side indicates the direction of metion.
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3. RESULTS

All our 25 orbits show temperary satellite libratiens enclesing the
starting date {see Table 1). The minimum duration is abeut 200 years
(fFer OP <0 and A, <0), slightly less than one complete libration
period; the maximum“of stability is ebtained when AP and A2 increase.

A P{d} =16 -8 ¥] 8 16
2\&

(x10 2

a.u./d")

3. 622-2007 1152-1318  1473-1648 283-463 £ 0-3474

( 1400) 1473-1660  1807-) 4000 S83-761 3723-3901
1818~ > 4000 (> 2200) :%?—1)12300 (> 3500)
(> 2200) ——
() 2600)
1.5 1710-2005 1509-1660 1473-1648 29-3844 9652975
1848-2125  1807-2501 36551-3795
(300) 2647-2834 (2000)
(300) (3s00)
(700}
0. 1710-2005 774-1056  442-5814 1236-3366 £ 0-2975
1485-1660 652-796 3521-3588
(300) 18182137 1473-1648 (> 3000)
¥79-3821 1807-2597 (2100)
(300) (»00)
-1.5 1485-1662 1809-1660 133-452 823-962 { 0-297%
1807-2005  1818-2017 784-973 1332-3462
24972-2338 1461-1648 (> 2000)
(200) 1807-2311  (2100)
(200)
(s00)

-3, 1497-1660 349-629 345-511 1343-2798 478-839
1807-2005 905-1660 784-962 3074-3237 752-2975
2910-3073 1818-2017 1481-1648

21602326 1807-2299  (1400) (2200)
(200) -
(200) (s00)

Table 1. Periods of jovian satellite meotien for comet P/Boethin, when
NP and A2 vary. Underline: perieds enclesing the starting date (1974
Dec. 19); parenthesis indicate the duration of these periods.
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10 .
gfu./dz)

T ] 0 8 16

3. 516-2424 {0->4000 1343~-> 4000 <0-> 4000 < 0= 4000
3640-3808
(1100) (> a000) (> 2700) (> a000) (> aooo)
1.5 1569-2434 1104-> 4000 1233-> 4000 < 0-3866 785-3117
(900) (> 2900) (> 2800) (> 3800) (2300)
0. 107-468 4662350 348-3381 1018-> 4000 <0-3192
831-1281 36793821
1869-237% (3000) (> 3000) (> a200)
(1100)
(1400)
-1.8  1357-2448 1317-24456 £ 0-2597 823-3747 <0-310%
(1100) {(1100) (> 2600) (2900) (> 3100)
-3, 1379-3217 £ 0-2422 < 0-2%40 620~-3521 382-3093
3735~ > 4000
(1900) (> 2400) (2900) (2700)
(<2e00)

Table 2. Periods of 1/1 resonance with Jupiter for comet P/Boethin, Seme
notations as for Table 1.

Moreover, before and after this satellite libration, the comet stays in
1/1 resonance over a leonger interval, at least 900 years (sea Table 2);
during this time, there can be one or several satellite and anti-satel—
lite librations with sometimes intervals of circulation. Generslly, the
transition between these three types of motion correspond to clese en—
counters with Jupiter, as do the definitive departures from the 1/1

resonance.

Az examples, figures 3 a and b show twe mrb%ts with a very short

interval of 1/4 rgsonance ( AP=—16, Ay==1.5 1077) and a very long one

(AP=16, Ay=3 0 7).

4. CONCLUSION

We have here confirmed the main result of the previeus caelculation.
We must now determine the interval of time during which the three-body
model is sufficient, that is to compare these results with same calcu—
lations by four- and nine-body models., In fact, we have as yet comparsd
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the results for three- and four-body medels for the 9 orbits where AP
and A, are varied separately, and we have found that a moderately close
encaugter with Saturn in 1836-37 (Benest et al., 1982) causes an appre-
ciable divergence between the orbits before this date; however, for the
future, the two models seem in goed agreement during a longer interval
af time.

Finally, we must wait for the next perihelion passage of the comet
in 1986 to esteblish the real value of AP and for yet another peri-
helion passage (~ 1997) to determine the value of Aye
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