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Abstract. High quality CCD images obtained at two different observatories in North Italy allowed the
identification of four morphological structures near the nuclear region of the comet Ikeya-Zhang (I-Z):
haloes, jets, shells and spirals. The interpretation of the nature of these structures has been attempted by
means of a comparison of different up-to-date image processing techniques, which led to a single common
estimate of the rotation period (p=1.48 +£0.20 days).
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1. Introduction

The determination of the rotation period of a comet on the basis of mor-
phological studies is a very difficult task, since it may be done only through a
continuous monitoring of the cometary jets, and it is dependent on their
geometry.

The study of the evolution of prominent jets and shells in the inner coma
of comet Hale-Bopp allowed us to discover a strict correlation with the
rotation of the nucleus (Manzini et al., 1997; Schwarz et al., 1997; Sekanina,
1998). Comet Ikeya-Zhang was found particularly suitable for similar mor-
phological studies; it was very close to the Sun at the beginning of the
observations (March 20, 2002) and to the Earth at the end (April 28, 2002)
(Tables I and II).

* E-mail: c.guaita@libero.it
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The favourable geometric conditions of the appearance and the good
spatial resolution of our instruments allowed us to study the effects of the
interaction between the Sun and the comet just after the perihelion, which led
to the enhancement of prominent jets and other cometary structures.

An in-depth analysis of the features described in this paper, performed
after extensive image processing with different methods, made it possible to
determine for the first time the rotation period of comet I-Z.

2. Observations and Results
2.1. INSTRUMENTATIONS AND METHODS

Three different series of images of comet I-Z were taken at:

(1) the GAT Observatory with a 0.2 m (f/9.3) SCT reflector equipped with a
ST7-CCD camera (Kodak CCD KAF-0401E) without filters (March
and April 2002) (Table 1).

(2) the GAT Observatory with a 0.25 m (f/6.4) Simak reflector equipped
with a Hi-SIS43-CCD camera (Kodak CCD KAF-1600) without filters
(April 2002) (Table I).

(3) the S.A.S. Observatory with a 0.4 m (f/5) Cassegrain reflector equipped
with a Hi-SIS33 CCD camera (Thomson CCD TH7895M), without
filters (March and April 2002) (Table II).

The same instruments were successfully used for previous studies on the
comet Hale-Bopp (Manzini et al., 1997; Schwarz et al., 1997) and permitted a
spatial resolution sufficient to investigate the inner coma morphology.

The comet was observed during 15 consecutive nights from March 20 to
April 3, 2002, plus seven further nights in April 2002 and one night in May,
2002. Up to 60 CCD frames were collected during each observation session.

All CCD images were first processed by applying conventional methods of
data reduction (bias, dark and flat-field images, that were always collected on
the same night of the observation sessions). Further processing was per-
formed by means of the Larson-Sekanina algorithm (Larson and Sekanina,
1984) and by other image processing techniques as described below (see
paragraph 3).

To maximize the signal-to-noise ratio, whenever possible, we treated co-
added images taken on the same night, instead of processing every single one.
The time-lag between our co-added images never exceeded 20 min.

We validated this procedure after verifying that all the details visible in the
co-added images were the same as and in the same position of those in every
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single frame. The smearing effect of the structures consequent to their relative
temporal displacement, in our analysis was virtually null (o absent).

2.2. THE COMETARY ACTIVITY: SHELLS

The I-Z cometary activity was generated from a main jet coming up near the
position angle of 270° (with a symmetrical jet at a PA of about 180°) and
from minor jets with different position angles and variable intensity over time
(Figures 1-3). The position angle of the main jet remained quite constant for
more than 10 days (March 20-31, 2002): this jet seemed to show and develop
the characteristics of a porcupine jet (Manzini et al., 1997).

From animations performed with images taken on the same night and on
the following nights, in the period from March 20 to April 4, 2002, we were
able to observe an anti-clockwise rotation of the structures surrounding the
cometary nucleus.

Starting from March 24, 2002, we observed a shell structure (Hale-Bopp
type) superimposed on the main jet, that became more visible in the following
days: this finding may indicate, as for comet Hale-Bopp, that the northern
rotation pole was progressively turning toward the Earth direction (Lardiére
et al., 1999). The shell structure was already present also before this date,
although it was not completely resolved and remained visible until the first
few days of April. The jet producing these shells was probably located near
one of the rotation poles of the comet (Sekanina and Boehnhardt, 1997).

Our best CCD images of the jet and shell structures and of the inner coma
morphology were acquired at the S.A.S. observatory in the night of March
31, under very good seeing conditions (Figure 3).

Two symmetrical porcupine jets were clearly visible in these images: their
axis of symmetry was likely to coincide with the projected direction of the
rotation axis of the comet; they can be considered maybe as a fan structure
produced by a jet located near one of the rotation poles of the comet
(Sekanina, 1998).

2.3. THE COMETARY ACTIVITY: HALOES

The activity of I-Z was highly variable. This was shown on our images by a
set of sunward expanding structures (‘haloes’) (Hergenrother et al., 2002),
easily visible in front of the cometary nuclear region.

We observed up to four arc-shaped structures at a time that appeared
different on each of the observation sessions. Some of these arc-shaped
structures appeared as a result of the perspective overlapping of two or more
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Figure 1. Time evolution of haloes from March 20 to April 2, 2002. The haloes on the
sunward side of the comet, easily visible at the beginning of March, disappear at the beginning
of April mainly because of the increasing distance between the comet and the Sun.
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Figure 3. This impressive CCD image of Tkeya-Zhang was acquired at S.A.S. Observatory on
March 31, 2002. Thanks to the exceptional seeing conditions, it was possible to clearly confirm
the detection of shell structures inside some porcupine jets. Left: a drawing adapted from
Sekanina (Sekanina, 1998).

layers of material ejected by simultancously active jets; sometimes an
asymmetric outward displacement was also observed (Figures 1 and 2).

Starting from March 2002 we could observe a relative increase in the
brightness of the cometary features, probably originated by a major burst.

In that case, a large amount of material could have enhanced the visibility
of some segmentations (‘shells’) inside the main jet, followed by the forma-
tion of a clearly visible halo during the subsequent days.

Since no filters were used, the distinction between neutral, ionic and dusty
species was not feasible. In any case the CCD peak sensibility (around
700 nm) favours the dust visibility.

2.4. THE ROTATION PERIOD

Based on the evolution of similar shell structures observed inside the por-
cupine jets of comet Hale-Bopp (Samarasinha et al., 1997), we were able to
deduce some important information about the rotation period of the nucleus
of comet I-Z also from the shells superimposed on the main jet of comet I-Z.
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In particular, we focused our attention on the evolution and the mutual
distance of the shells near the cometary nucleus, during two consecutive
nights on March 25-26, 2002 (Figure 4). We selected ‘shells’ closer to the
nucleus in order to minimize the influence of the solar radiation pressure on
their geometry.

On images obtained on March 25-26, 2002 we made a photometric
analysis of two intersection lines as large as 40 pixels across the cometary
nucleus (their direction is shown in Figure 4). It was thus possible to measure
the mean separation / of the shells in pixels and then to convert it into
kilometers.
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Figure 4. The evolution of a couple of shells at the source of the main jet of comet Ikeya-
Zhang, during two consecutive nights (March 25-26, 2002). From the mean separation of the
shells and their expansion velocity a nucleus rotation period p=1.48+0.20 days could be
estimated. *X =chosen photometric section.
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Assuming that a new shell formed after every rotation of the comet,
the rotational period of the nucleus p, expressed in days, is simply related to
the expansion velocity v (km day™') of the shells (Braunstein et al., 1997)
by the relationship:

p=i-v!

Based on a shell-to-shell relative distance of 2200 km (measured on the
images taken on March 26) and a projected expansion velocity of
1500 km day™' (measured from March 25 at 19 UT to March 26 at 19 UT),
a rotation period of 1.48 £0.20 days could be derived (Figure 4).

The ‘projected’ expansion velocity is not affected by the (unknown)
inclination of the rotation axis of the comet toward the Earth.

The shells, the subsequent calculations and the derived values are shown
in Figure 4.

2.5. CONFIRMATIONS OF THE NUCLEUS ROTATION

A confirmation of the cometary nucleus rotation and of the rotation direc-
tion was obtained also by CCD images taken at the S.A.S. observatory on
April 17 and 18, 2002.

After the application of an image normalization between all the co-added
images obtained during each of these two observation sessions, a large spiral
structure around the nuclear position could be observed, probably generated
by a previous burst (Figure 5). The slightly elliptical shape of the spiral
structure indicated that the rotation axis of the comet was tilted with respect
to the Earth by a small angle probably between 0° and 30°.

This structure appeared very similar to the spiral structure observed
around the nucleus of comet Hale-Bopp on September 13, 1996 by (Manzini
et al., 2001) and (Owens et al., 1999) using the same image processing
technique (Figure 5). On that occasion a major burst had led to the wide
expulsion of an arc-shaped material that moved across the coma at about
0.35 km s~ and was subsequently scattered.

To further confirm the estimated rotation period, an appropriate radial
gradient algorithm was applied to the images taken at SAS Observatory
during four consecutive nights (March 31, April 1, 2 and 3, 2002). The
angular displacement of the position of the origin of the main jets (maybe
near the equatorial region) from the cometary nucleus was clearly identified,
in agreement with the rotation previously determined (Figure 6).
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Figure 5. Comets Hale-Bopp and Ikeya-Zhang produced similar helically shaped structures
(‘spirals’). On the left, a CCD picture of comet H-B taken on September 11-13, 1997 at S.A.S.
Observatory (the images were divided to obtain a differential image). On the right, a CCD
picture of I-Z obtained on April 17-18, 2002 applying the same image processing.

3. Image Processing Techniques

As shown in the figures, different image processing techniques were used in
order to derive the necessary physical parameters from the morphological
structures and to determine the cometary rotation period.

3.1. UNSHARP MASKING

A new type of unsharp masking technique was developed to show the haloes
in the inner coma of comet [-Z.
The technique consists of the following steps:

e unsharp masking with a 2-pixel radius,
e copy of this image and treatment with a Gaussian blur of 4-pixel radius,
e division of the first image by the Gaussian-blurred copy.

To avoid false interpretation of the series of images, we always used the
same processing parameters for all images (Figure 7).
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31 March 2002, 19h30m UT 01 April 2002, 19h30m UT / 02 April 2002, 19h30m UT

(= ikt ""25,("]0 km R it : M pixal

~12,500 km

Figure 6. The positions of the main jets from the nucleus of comet Ikeya-Zhang were iden-
tified over consecutive days. Their positions are in agreement with the rotation period
otherwise determined. The jet named C is not visible in the last image, because of its probable
anti-solar position due to the rotation of the nucleus. The processing of the original images is
based on the radial gradient.

3.2. RING MASKING TECHNIQUE

The most relevant GAT and SAS images were processed with two algo-
rithms:

— a ring masking technique to highlight radial features (i.e. jets)
— aradial de-trending technique to enhance shells and bow shock structures.

In Figure 8, the results of each processing step are shown side by side to
allow day by day comparisons.

It should be noted that the GAT and SAS images have different scales and
that the seeing conditions at the SAS observatory were exceptionally good.

Our ring masking technique follows the idea that any radial outflow (i.e.
jet) leads to slightly enhanced local radiance levels. As these enhanced
radiance levels only account for a small percentage of the mean intensity,
they are totally invisible without additional image processing.
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C/2002 C2 (lkeya-Zhang)
image processing comparison of 26-Mar-2002

No image processing, logaritmic visualization

Larson-Sekanina 15°

v)

Unsharp-mask (2 pix) and division with a gaussian blurred copy (4 pix)

Figure 7. Comparison between unprocessed and processed images.
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mmmm 20.000 km GAT

mmmm 20.000 km GAT

mmmm 20.000 km GAT

mm  20.000 km SAS

mmm 20.000 km GAT

Figure 8. Observations processed with the Ring Masking technique for comparison purposes.

In order to show the differences more clearly, we compare the radiance
levels along concentric arcs around the nucleus. In the case of a perfect
simmetry, no differences are noticed. On the contrary, if local jet structures
result in locally enhanced intensity levels, these differences can be visualized
by a number of image processing techniques.
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To do this, we selected a ring masking technique by transforming the
images into polar co-ordinates around the center of brightness, i.e. the as-
sumed nucleus position.

For more details on the ring masking technique, that was previously
successfully applied to comet Halley see (Cosmovici et al., 1988, 1993) and to
comet Halley and Hale-Bopp see (Schwarz et al., 1989, 1997).

It should be pointed out that we applied also this technique for com-
parison in order to obtain a more precise morphological interpretation.

3.3. RADIAL GRADIENTS

Images were investigated with a further method of analysis in order to check
the presence of arcs and structures in expansion.
The image processing was carried out as follows:

the original image was duplicated,
the duplicate was rescaled by just 1% with respect to its original size,
the original image and the duplicate were recentered on the comet
nucleus,

e finally, the original image was divided by the treated image.

The obtained results are amazing in terms of enhancement of the inner
coma structures (Figure 6).

4. Summary

We could study four types of morphological structures inside the inner coma
of the comet Ikeya-Zhang:

(a) Sunward-side haloes (Figure 1): they were easily visible starting at the
beginning of March 2002 (also in non-processed CCD images) and
disappeared at the beginning of April (Hergenrother et al., 2002).

(b) Porcupine Jets (Figure 2): they were almost always present, though
weaker, smaller and less evident than those in Comet Hale-Bopp
(Boehnhardt et al., 1997).

(c) Shells (Figure 3): sometimes visible inside the porcupine jets as a con-
sequence of their rotation, thus providing basic information on the
nucleus rotation period (Manzini et al., 2001). After the detection of
impressive shell structures in comet Hale-Bopp (Schwarz et al.,
1997), up to now only comet I-Z seems to exhibit such structures. The
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detection of shells inside the porcupine jets of I-Z may be considered as
a new result for this comet.

(d) Spiral structures (Figure 4) around the nucleus (Owens et al., 1999) as a
result of some major bursts and of the geometric conditions of the
appearance of the comet I-Z. Their visibility increased in April 2002,
possibly because of the position of the rotation axis (nearly radial with
respect to the observer).

By applying the methods described above, we were able to determine the
rotation period of the nucleus: p=1.48 £0.20 days
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