SPLITTING OF PERIODIC COMETS
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Abstract. Among the comets that were observed to break in two or more fragments, only a few
of them are periodic. So far the dynamic study of the relative motion of a secondary nucleus with
respect to the primary has supposed that a cometary fragment is subject to a small and continuous
radial nongravitational force after separation at rest. This force acts against the solar attraction
and varies according to an inverse square law. A small impulse at break up may also be invoked in
some case. A different approach is followed in this paper when dealing with a fragment of a periodic
comet: after separation the motion of a secondary nucleus is characterized by nongravitational
forces which vary according to the same g(r) law currently used for the primary.

Results of the study of comets P/Biela and P/du Toit- Hartley show that the motion of their
fragments after separation is characterized by nongravitational parameters which are larger than
those of the parent bodies. Both fragments lasted for about 2 full revolutions and three returns.
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1. Introduction

A great deal of research and work on split comets has been done by Sekanina, who
introduced a new idea on the relative motion of split nuclei. According to Sekanina
[5] the motion of a secondary nucleus that divided from the parent body is domi-
nated not by an impulse at separation, but by a small and continuous differential
radial nongravitational force relative to the main body after separation at rest. The
introduction of this small force acting on comet fragments and the time of splitting
as the only parameters gave in a very simple dynamical model yielding better re-
sults in the representation of the separations of the secondary nuclei of split comets.
However Sekanina [6] found that in some cases there were second order effects and
this led to two possibilities: a) the existence of a small impulse at break up; b)
deviations of the deceleration vector from the radial direction and/or changes of its
magnitude from the adopted law. He opted for the first possibility in his paper.

2. Results from a new approach

An attempt to study with Sekanina’s model the motion of the companion of peri-
odic comet du Toit — Hartley ( for which photographic observations were available,
Forti [1] ) led to relatively high O-C residuals. The assumption that P/du Toit —
Hartley companion was moving on an orbit similar to that of the main comet, but
with different perihelion time, led instead to a decrease of the residuals. A decent
fit to the observations was found by assuming that the secondary nucleus moved
on an orbit identical to that of the primary but with perihelion time increased by
an empirical Atof +0.367 days. Such Atin the perihelion time of the secondary
nucleus might be explained by the action of nongravitational forces during one or
more perihelion passages since we are dealing with a short period comet. A ficti-
tious break up time was found before perihelion in 1982 since most of the previous
effects of nongravitational forces were included in At¢. The computed differential
radial acceleration was relatively high.
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Fig. 1. Observed (solid triangles), computed differences (solid lines) in Right Ascension
and Declination for comets P/Bielaand P/du Toit — Hartley.

This interpretation of Atled me to suppose that the radial model was better
suited for long period comets and that for short period comets it was necessary to
consider the full effect of nongravitational forces, acting only for a limited period
of time near each perihelion.

A program was written to find the time T, of break up and the nongravitational
constants of a secondary nucleus according to the so called ”Style II” or standard
model ( Marsden et al., [4] ) supposing to know the nongravitational motion of the
primary.

This program was first run on the observations of P/Biela’s fragment ( a comet
seen at two perihelion passages with a companion ) with eminent success since it
was possible to link the separation data of the secondary nucleus in 1846 and 1852.
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Table 1 summarizes the results for all the studied comets. Left to right: comet
name; splitting time T, ; difference T, —Ty in days; period; perihelion distance;
heliocentric distance at break up; nongravitational force F;(= A;g(r)) constants
A; for the main ( A ) and the secondary ( B ) nucleus ; nucleus identification;
mean residual; number of observations; periods of observations; and minimum and
maximum separation.

According to the present study the splitting of P/Biela occurred about a month
after the unseen perihelion passage in 1839 ( To = 1839/07/23.32 ). The error
in time T, is smaller than the integration step of 1 day. The identification of the
fragments confirms that adopted by Marsden ( Marsden and Sekanina, [3] ), the
case A — B is listed in Table 1 and only for completeness I provide the results for
the other alternative ( B — A ). These last results however should be dismissed
for it is difficult to believe that after break up the two nuclei rotate in opposite
directions as deduced from the sign of A,. In Fig. 1a I plotted observed separations
and computed differences for this comet.

Successively periodic comet du Toit — Hartley was studied. For this comet the
results are conclusive, but more indeterminate than those found for P/ Biela because
the split nucleus was seen only during the 1982 passage. The determination of time
T, is rather poor for this comet, depending somewhat on the choice of the initial
nongravitational parameters. However this procedure sets un upper limit for a break
up date around Nov. 4, 1970, well before the unseen perihelion passages of this
comet in 1971 and in 1977. The quantities shown for this comet on Table 1 are
those found for a particular couple of initial nongravitational parameters. In this
case the T, found is the upper limit from this particular run. In Fig. 1b I plotted
observed and computed separations for this comet.

Another periodic split comet for which there are measured separations is
P/ Taylor . For this comet there are so far no published nongravitational parameters
and I tried to find them taking the observations from 1976 up to the last published
photographic data since the recovery of this comet in 1990. The computed non-
gravitational parameters seem to be plausible because with them it is possible to
match the perihelion time in 1916 ( Marsden, [2] ). However they were computed
solely on all the post-perihelion data.

The results obtained for this comet using the new model show a break up time
T, on 1915/10/26 with an error of & 2 days. The nongravitational parameters in-
stead seem to be rather uncertain, suggesting that there might be some intrinsic
difficulty in dealing with this comet ( Marsden, [2], p. 53 ).

3. Conclusions

Abandoning the model of a continuous differential radial nongravitational force
(force that, by definition, varies like 1/7% ), I considered a fragment of a periodic
comet, immediately after division from the parent body, to be a new periodic comet
and its motion characterized by nongravitational forces like that of the main comet.

The nongravitational motion of the secondary nucleus of three periodic comets
was successfully computed. The nongravitational parameters found for these new
comets are larger than those of the parent body as we should expect, for at each
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TABLE 1

Table 1. Results

Comet Helioc/| Nongrav. Param. Comet | Mean | N. Periods Separation
Nuclei T, -Tp P | q | Dist. Ay A, Nucleus | Resid. | of of from — to
days |yeary AU| AU 10~8 AU day~? “ |ob.ns observation "
P/Biela 1839/08/20 | —2367.50 | 6.6 [0.88{ 0.98 | 0.830 —-0.0351 A 1.5 111 | 1846/01/15 — 1846/03/27 | 110 — 790
A—B —4783.54 0.788 £ 0.001 | —0.1782 £ 0.0002 B 10 |1852/09/16 — 1852/09/29 [ 1755 — 1835
P/Biela 1839/06/28 | —2420.50( 6.6 {0.88] 0.96 | 0.830 —-0.0351 A 14 111 [1846/01/15 — 1846/03/27 | 110 — 790
B—A —4836.54 0.407 £ 0.001 | +0.1085 + 0.0002 B 10 {1852/09/16 — 1852/09/29 | 1755 — 1835
P/du Toit — Hartley| 1970/10/31 | —4168.45| 5.2 {1.21] 3.36 | 0.570 +0.0030 A 2.1 19 [1982/02/05 — 1982/02/28 | 2585 — 3268
B—A 1.385 £ 0.006 | +0.0974 + 0.0001 B
P/ Taylor 1915/10/26 | —97.46| 6.4 |1.56] 1.83 | 5.040 +0.0212 A 1.0 11 |1916/02/09 — 1916/03/27 T— 17
B—A 14.918 + 0.101 [ +0.2120 + 0.0116 B
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return the secondary nucleus shows a At correction larger than that of the primary.
The cases of the fragments of comets P/Biela and P/du Toit — Hartley seem to be
very similar since they lasted for about 2 full revolutions and three returns. The
former comet fragment was seen at two successive returns after break up, the latter
only at the last one. For P/ Taylor the results are rather uncertain like the observed
separation data and the nongravitational constants for the main comet. Since in
this case the nongravitational force seems to be essentially radial, even Sekanina’s
model works equally well.

A comparison with earlier results ( Sekanina [6] ) shows that for comets
P/Bielaand P/Taylor the splitting time is rather different: for both comets he
found a later T, , respectively 1840 May 25 and 1915 December 8 ( see Table 1 ).
The radial accelerations are different, but not as much as we would expect from
two different models. This is especially true for P/ Taylor for which he computes
a radial acceleration of about 34 units against the actual 50 units ( 1 unit = 2.96
10~° AU day~2).
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