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Summary. New observational evidence supports the importance
of the ambiguity problem about determination of the spin rate of
asteroids. In the range of objects larger than about 150 km, where
equilibrium figures are thought to exist, and therefore where
irregular fragments should be absent, four cases of periods shorter
by a factor two than the previously adopted values, believed
unambiguous, were recently found. This paper presents results for
two of them (409 Aspasia and 423 Diotima), attempting to give
plausible physical interpretations, but admitting that a quantita-
tive explanation cannot be reached with the present knowledge of
the asteroids’ surface morphology. Still, the discrepancies found in
preliminary analyses seem to be satisfactorily overcome.
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1. Introduction

Recent analyses performed on the rotational properties of aster-
oids allowed to outline a possible general scenario of asteroids’
evolution in terms of collisional processes. In particular large
bodies with diameters D < 150 km seem to present “pile-of-rubble”
structures, dominated by self-gravitation, roughly fitting equilib-
rium figures, like spheroids, Jacobi ellipsoids or binaries (Davis
et al,, 1979; Farinella et al., 1981a, 1982; Weidenschilling, 1981). A
large percentage of these objects, in agreement with triaxial
equilibrium models, has rotational periods shorter than 6h and
very large amplitudes of their lightcurves (4 X0.3 mag), as for
example 15 Eunomia, 45 Eugenia, 87 Sylvia, 107 Camilla,
16 Psyche, 216 Kleopatra, 250 Bettina, etc. For most of them the
lightcurve is certainly controlled by the elongated shape of the
body. On the other hand low-amplitude asteroids, in the same
size-range, could fit nearly-spheroid shapes and therefore their
light variations could be dominated by surface variegations as well
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as by morphological structures. We recall that the possible
importance of albedo spots on asteroid lightcurves was recently
evidenced by Lupishko et al. (1983). Indeed several large objects
present complex light variations, with an irregular number of
maxima and minima per cycle, as for example 1 Ceres, 24 Themis,
29 Amphitrite, 532 Herculina, etc.. However for 27 asteroids out of
a sample of 31, having a size larger than 200km, the rotation
period never exceeds 10h, with a mean value of about 7+8h
(Schober, 1983b). A faster rotation for large objects has already
been recognized by Tedesco and Zappala (1980), Farinella et al.
(1981b), and Dermott et al. (1984).

In order to know as many physical parameters as possible
several asteroids of this size-class were reobserved in the last years,
not expecting, of course, important changes in their spin rates,
thought to be unambiguously determined for most of them.
However a strange case appeared, regarding 52 Europa, a large C
asteroid with a diameter of about 290km. During a full cycle,
corresponding to the adopted period of 11.26h (Scaltriti and
Zappala, 1977), four maxima and four minima, equally spaced in
time, were detected, leading therefore to adopt as more reliable a
shorter period of 5.63 h (Zappala et al., 1983a).

This peculiar case, related to a very massive asteroid (we hardly
can assume it to be an irregular fragment), opened a new problem
of the highest interest about the reliability of the rotation periods
adopted. In the same paper a preliminary analysis of the published
lightcurves was made, and a number of asteroids, for which the
same problem could appear, were found.

In particular 5 objects, having diameters larger than 150 km,
have adopted periods of about 15 h. A reduction of the period by a
factor of two should produce a value close to the mean of the spin
rate found for the large objects class.

A few months after this analysis, we are able to establish that at
least one of them (776 Berbericia) has really a period of only 7.67h
(Debehogne et al,, 1983; Di Martino et al, 1985) against the
adopted period of about 15.3 h, as reported by Schober (1979).
Moreover an other confirmation of the problem raised by 52
Europa is given by the results on 409 Aspasia and 423 Diotima,
two large dark objects having both diameters of about 200 km.
These objects were observed by Hanslmeier (1982) (409 Aspasia),
Schober (1983a) (423 Diotima), and Di Martino and Cacciatori
(1984a).

Unfortunately the observations could not be analysed together
earlier and they reached publication separately. The contradictory
results evidenced in those papers, together with the importance of
the problem connected with them, seem to give a plausible reason
to reanalyse the data in the present paper, which will show how
they can be combined with a satisfactory agreement.
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2. Analysis of the data

2.1. 409 Aspasia

Hanslmeier (1982) observed 409 Aspasia on three nights in 1981,
and deduced, according to the general assumption of two maxima
and minima per cycle, a rotation period of 16.75 h. The composite
lightcurve showed a well defined sinusoidal shape, with extrema at
apparent different levels. However we have to note that the real
level of the extrema could not be deduced, because no V
transformation was made, and the variations of phase and Earth
and Sun distances were not taken into account. On the other hand
the 1982 composite lightcurve, obtained by Di Martino and Cac-
ciatori (1984a), showed two different maxima and minima leading
to consider 9.03 h as the most reliable value of the period. A check
of this value was made by the 1981 observations. The agreement
was very encouraging and the composite curve is shown in Fig. 1.
Only one flat maximum is present, but the three night-runs give a
perfect fit. Moreover, taking into account the variation of the
phase angle and of the Earth and Sun distance, the composite
trend implies a phase coefficient of about 0.04 mag/degree, falling
just in the range expected for the C-type objects. It follows that the
case of 409 Aspasia seems to be very close to that of 52 Europa, and
that a physical interpretation of the different appearances at
different aspects cannot be easy. Several qualitative hypotheses
can probably be found, but no real evidence can support one
explanation instead of another, taking into account that quan-
titative interpretations seem very premature, due to the present
poor knowledge of asteroids’ surfaces. We report here two
models, possibly more convincing in our opinion; but alternative
hypotheses, as e.g. the presence of satellites, cannot be “a priori”
rejected.

a) the object is nearly spherical, but one hemisphere is darker
(symmetry with respect to the rotation axis is assumed); this
should produce the one-maximum curve of 1981. Moreover an
albedo spot or a large topographic structure (impact crater?) is
close to one pole. The amplitudes of the 1981 and 1982 lightcurves
are rather similar and therefore, taking into account the difference
in longitude, similar aspects (ie. the angle between asteroid
rotation axis and the Earth-asteroid direction) can be assumed,
producing, however, views of opposite hemispheres with respect to
the asteroid’s equator. This fact implies that in one opposition

(1981), if the aspect is sufficiently small, the “crater” could be seen
by the observer during the full cycle and cannot introduce new
extrema. On the other hand, in 1982, it should be seen only for a
relatively small fraction of the rotation period, producing therefore
the decrease in magnitude interpreted as an additional minimum.
A decisive support to this suggestion should be given by a
comparison between the magnitudes at maximum brightness
obtained in both oppositions. The constant presence of the
“crater” (or more generally of a dark spot) during the 1981

.observation should cause a much lower brightness of the light-

curve. Unfortunately this fact cannot be checked for the moment,
because no transformation to the UBV system was performed in
1981; it deserves, however, future efforts. The fact that the
“crater-minimum” is so well evidenced at low phase angles
(about 3°) seems to support an interpretation in terms of albedo
spot.

In this hypothesis the real period should therefore be unam-
biguously 9.03 h.

b) the object has ellipsoidal shape and consequently two
maxima and two minima should be expected, implying that the
1981 composite lightcurve of Fig. 1 represents only half of the full
cycle. The presence of the crater or of the albedo spot is still
necessary for explaining the 1982 appearance, but it should affect
only one maximum of the complete cycle. Unfortunately the
observations cannot help in this second case too, the second
possible maximum not being covered. This second hypothesis is
obviously in favour of a period of 18.06 h. However, as generally
done, we prefer to adopt, without definitive support, the shortest
period containing two maxima and two minima, i.c. 9.03 h. This
short value fits quite well the mean period found for the size class of
Aspasia, a large asteroid just inside the group of possible
equilibrium figures (Farinella et al., 1981a, 1982).

A comparison between synthetic curves, from both oppo-
sitions, is given in Fig. 2.

2.2. 423 Diotima

Schober (1983a) reported two observations of 423 Diotima, perfor-
med in 1981 and 1982. The first one, even if with a large scatter in
the observed points, forced the author to adopt a period of about
8 h. The second observation showed a different trend, implying an

m . L]
-0.00 3 g" P A (%
-n:. Wt A% .‘.‘ W .
. A o ©® [
l..f..‘ * A.A..
- .. ¢ A‘.
o .N. '. Ll °§
005%q an he oo
N H aA s
o ~ & @’
lA . D‘ L)
. 2 o g
S .A. oA vo
S s " Aug 26-27, 1981 D Zas
L . u =217,
010 et ooy ') g aoh A AAnA“o
et e
N A A uT
18 20 22 0 2 4 6
1 1 ] 1 | ] ] 1 I ] 1 1

Fig. 1. Composite lightcurve of 409 Aspasia, based on 1981 observations. The adopted period is 9.03h. The symbols refer to: @ =Aug26-27; m=Aug27-28;

A=Aug 28-29. Open symbols are repeated observations
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Fig. 2. Comparison between synthetic lightcurves of 409 Aspasia for 1981 (continuous line) and 1982 opposition (dashed line)
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Fig. 4. Comparison between synthetic lightcurves of
6 423 Diotima for 1981 (continuous line) and 1982
opposition (dashed line)

additional minimum during half of the previously deduced period.
Schober interpreted this feature as a possible evidence of a satellite.
During the same apparition, but after opposition, Di Martino and
Cacciatori (1984a) confirmed the lightcurve of 423 Diotima, con-
cluding that the period should be 4.62h.

The case of this asteroid seems to be simpler to explain and to
interpret. Adopting a period of 4.62 h, as obtained from the 1982
opposition, we repeated each point of the 1981 observation and
the particular “composite” curve obtained is presented in Fig. 3.
Taking into account the low quality of the observed points, the fit
can be considered acceptable. Moreover an appearance of a
secondary maximum can be recognized at about 6°5UT. This
suggestion is confirmed if we compare synthetic lightcurves from
both oppositions, as presented in Fig. 4. Adjusting the curves with
respect to the primary maximum, the agreement seems highly
satisfactory. We have to remark that several asteroids can mask
the presence of secondary extrema (see for example 79 Eurynome
(Schober, 1976; Scaltriti and Zappala, 1976; Di Martino and

Cacciatori, 1984b); 39 Laetitia (Sather, 1976); 16 Psyche (Taylor
et al., 1976; Tedesco et al., 1983); etc.) mainly at small aspects. This
is just the case of the 1981 opposition, when the amplitude was
only 0.06 mag against 0.18 mag, obtained in 1982. We have to note
that the poor quality of the 1981 observations did not really
influence the estimate adopted by Shober (1983a), because the
appearance of the secondary minimum should be too uncertain for
considering it real, even with points of higher quality. For this
reason we can insert also 423 Diotima in the group of asteroids
having ambiguous period when observed in only one opposition.
A period of (4.622 +0.002) h can be confidently adopted. This last
improvement of the spin rate was obtained combining the
lightcurves of 1982, observed before (Schober, 1983a) and after
(Di Martino and Cacciatori, 1984a) opposition. The composite
curve is shown in Fig.5. The agreement at the secondary
maximum is not very good, implying once more (see Zappald et al.,
1983b) that the phase angle can play a very important role in
modelling the lightcurve of an asteroid. In fact the observations
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Fig. 5. Composite lightcurve of 423 Diotima based on 1982
observations. The adopted period is 4.622 h. The symbols refer to:

were obtained at 2°2 and 3°4 of phase, but on opposite sides of
opposition. This seems to be sufficient for having appreciable
shape changes, as already evidenced in Zappala et al. (1983b).

3. Conclusions

The evidence presented in this paper motivate a careful revision of
the present rotational results on asteroids, mainly for those larger
than 150 km, for which equilibrium figures can be adopted. The
importance of ambiguous results of spin rates is strengthened if we
perform statistical analyses of the rotational properties, and
consequently if we outline models of the asteroids’ evolution.

We would therefore urge asteroid observers to produce special
efforts toward this intriguing problem. A list of candidate objects
was already presented in Zappala et al. (1983a).
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