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ULYSSES’S ENCOUNTER WITH COMET HYAKUTAKE
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ABSTRACT

On May 1, 1996, the Ulysses spacecraft crossed the ion
tail of comet C/1996 B2 (Hyakutake) at 3.73 AU from
the Sun. This unplanned encounter went unrecognized
for over four years. The first tail signature noticed, but
not interpreted as such, was a dramatic solar wind
proton number density drop. Investigation of magnetic
field signatures indicated the presence of an ion tail,
and that it belonged to Hyakutake. Around the time
that the source was established, pick-up ions' signatures
were coincidentally found in ion composition data.
Hyakutake was the fourth comet to be encountered, the
most productive comet encountered, and the first
encountered in fast solar wind. The encounter was with
material formed over a week earlier at 0.35 AU from
the Sun and carried 3.38 AU anti-sunward by the solar
wind. Hyakutake’s motion during that week implies a
tail length >3.8 AU. These unique far-downtail data
complement the near-nucleus data obtained by other
missions.

1. INTRODUCTION

The nature of cometary ion tails, and their interaction
with the magnetic field carried by the solar wind, was
established by Biermann and Alfvén [1, 2]: neutral gas,
emanating directly and indirectly from an active
nucleus, is ionized by several processes. Once charged,
the particles join the flow of the solar wind, and are
carried anti-sunward, forming an ion tail. This loading
of the solar wind with additional mass leads to the
wind's deceleration, a velocity shear, and the resultant
draping of the magnetic field lines carried by the solar
wind. Our understanding of ion tails to date has been
largely based on remote observations and modelling
studies. Only one cometary mission has been targeted
at the ion tail: that between the ICE probe and
21P/Giacobini-Zinner in 1985 [e.g. 3].

The ESA/NASA Ulysses spacecraft is in a unique,
near-polar solar orbit, carrying a suite of instruments
primarily designed to observe the interplanetary
medium [4]. On May 1, 1996, Ulysses crossed the ion
tail of comet C/1996 B2 (Hyakutake). Unlike other
cometary encounters, this event was unplanned, and
actually went unnoticed for some time. The Ulysses
data, obtained at a distance of ~3.8 AU down-tail of the
nucleus, complement the information obtained by ICE,
which crossed the ion tail only ~7800 km downstream

of the nucleus of 21P. Here, a brief overview is given
of the Hyakutake encounter, initial results, and future
avenues of investigation.

2. DISCOVERY AND CIRCUMSTANCES OF
THE ENCOUNTER

The first ion tail-associated signature to be noticed in
the Ulysses data was a dramatic proton number density
drop [5] detected by the spacecraft’s SWOOPS
instrument [6]. This was accompanied by a proton
temperature increase apparently too small to sustain
thermal pressure balance, and an o-particle:proton
abundance ratio increase. Initial investigations of this
drop did not however identify the cause. Further
investigation of the accompanying data from the
magnetometer [7] revealed a structuring of the
heliospheric magnetic field consistent with the draping
seen in a cometary ion tail, but no known comets were
in Ulysses's vicinity at the time.

A search further afield revealed the chance near-
alignment between comet Hyakutake's location on
April 23 and Ulysses’s May 1 position [8]. The ~7.8
day time difference between the times when the comet
and spacecraft were at these locations was consistent
with the ion tail material being carried anti-sunward
from Hyakutake’s head to Ulysses at the measured
solar wind velocity of ~740 kms". The encounter, 3.73
AU from the Sun, was with tail material formed when
the nucleus was 0.35 AU from the Sun, and that had
been carried 3.38 AU anti-sunward by the solar wind.
The motion of Hyakutake’s nucleus during that week
meant that the tail was at least 3.8 AU in length,
illustrating the huge distances over which comets can
affect the interplanetary medium.

Around the time that the nature of the event and the
source comet’s identity were established by [8], further
evidence of a cometary tail crossing was found
coincidentally [9], in the form of cometary pick-up ion
signatures in the spacecraft’s ion composition
instrument data [10]. The pick-up ions’ presence
explained the pressure imbalance indicated by other
data. The URAP radio and plasma wave experiment
[11] also detected the tail crossing, as a decrease in
radio receiver background levels [5].
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Fig. 1 puts Hyakutake’s gas production rate and
nuclear heliocentric distance in the context of all other
encounters to date. As shown, Hyakutake is the most
productive comet encountered. It is also the first comet
encountered in fast solar wind, and the first long-period
comet to be met by a spacecraft.
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Fig. 1. H,O production rates of all comets encountered
by spacecraft to date, plotted against the heliocentric
distance of the nuclei [12, 13, 14, 15]. The rates for
Hyakutake were derived from seven visual magnitude
estimates reported in IAU circular 6388, using the
technique of [16].

The encounter occurred so far downstream of
Hyakutake’s nucleus that the addition of pick-up ions
to the flow had ceased. As the levels of solar insolation
and particle number densities at Ulysses were
drastically lower than those at 0.35 AU, there were also
much lower rates for plasma-altering processes such as
recombination. Although there was a slight decrease in
solar wind velocity coincident with the tail crossing,
the cometary ions had been accelerated almost to the
velocity of the surrounding solar wind. The tail
plasma’s composition was thus near its terminal state
when encountered.

3. ION TAIL STRUCTURE

The magnetic field signatures of the ion tail were not
particularly striking (Fig. 2). There were only localised
decreases in field magnitude compared to the ambient
solar wind fields. The field directions however were
broadly symmetrical about 09:00 UT, which indicates
the probable time of closest approach to the ion tail
axis. The field vectors’ patterns, shown in Fig. 3, were
consistent with a traversal away from the tail axis
itself, and passage through the side of the tail nearest
the ecliptic, despite the comet’s orbital plane lying
between the ecliptic and Ulysses at the time. The cross-
tail current sheet was not crossed. The discontinuous
changes in field direction, detected at several locations

in the tail, were inferred to be solar wind magnetic
field discontinuities draped through the ion tail.

Investigation of the magnetic field structure confirmed
that Hyakutake was the parent comet. Minimum
variance analysis [17] provides a means of determining
the direction in which a series of vectors vary the least.
The minimum variance direction in an ion tail is
expected to be perpendicular to the tail axis. As the
heliospheric magnetic field undergoes discontinuous
changes in direction, several vectors are obtained that
are all perpendicular to the tail. The vector products of
these should therefore be parallel to the tail axis. The
results of this analysis yielded an axis direction very
close to the orbital plane of Hyakutake, as would be
expected, and oriented in the correct sense. However,
the tail’s orientation, with the axis inclined at 63°-70°
from the antisunward direction, differed greatly from
the 36° angle expected from a simple simulation of the
tail (Fig. 4). The possible reasons for this are discussed
below.
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Fig. 2. Magnetic field parameters on May 1, 1996.
Azimuth (¢) and elevation (6) of the magnetic field
vector is shown, in radial-tangential-normal
coordinates, with magnetic field magnitude.

The size of the ion tail agreed with that expected if
Hyakutake was the parent comet. The ion composition
data showed a higher ratio of atomic:molecular ions
than detected at 1P/Halley, suggested a source
significantly closer to the Sun than 0.7 AU [9]. Again,
this is in full agreement with the ions' source being
Hyakutake.

4. ION TAIL ORIENTATION

The escape from Hyakutake’s nucleus of several
decametre-sized fragments during its near-Earth
passage in late March/early April 1996 is well-
documented [e.g. 18]. From analysis of the neutral gas
distribution, it is clear that the fragments were a source
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of a significant fraction of the total gas production rate
[19]. Assuming that the nuclear fragments were long-
lived and/or were joined by further fragments, the large
orbital motion of the nucleus in late April means that
significant separations between the fragments and the
main nucleus could have occurred. The fragments
would have strayed away from the extended Sun-
nucleus line, shifting the net centre of neutral gas
emission.
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Fig. 3. Magnetic field vectors during the tail crossing,
from [8]. a) view from above the comet’s orbital plane.
b) view along the inferred tail axis. Ulysses moved
from right to left. Tick marks denote the time on May
1, 1996. The inferred cross-tail current sheet
orientation is denoted by the dashed line.

Analysis of Deep Space 1 data from 19P/Borrelly show
that an asymmetrical ion source, as was also present at
that comet, can have a strong influence on the
orientation of the resultant ion tail [20]. Detailed
modelling of the circumstances of Hyakutake’s
fragmentation and the resultant modification of the
neutral gas source in late 1996 is required, but initial
studies indicate that this could have been a significant
influence on the ion tail’s orientation.

5. THE PERSISTENCE OF THE TAIL

One of the encounter’s surprising results has been the
fact that ion tail signatures were present in the
magnetic field at all. Recent MHD modelling studies of
a stationary comet of Hyakutake's size and heliocentric
distance suggest that no magnetic field signatures are
expected [21], which is clearly at odds with the
observations described above. The persistence of the
signatures may be related to the conditions of
Hyakutake. The large orbital velocity meant that the
tail aberration angle was significant. Rather than being
a structure aligned along the anti-sunward direction, it
could be considered as an obstacle to solar wind flow.
The field lines of the faster, surrounding solar wind,
would thus have “wrapped” around the ion tail,
constraining the tail and reducing the rate at which the
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draping signature within the tail was eroded. Modelling
of the ion tail, which takes into account the comet’s
orbital motion is required to investigate this possible
effect in detail.
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Fig. 4. The expected (grey) and actual (white) tail
profile, projected onto the orbital plane of Hyakutake.
The actual profile was determined from the structuring

of the tail magnetic fields. The expected profile
assumes a rapid acceleration of ions to the solar wind
velocity of ~740 kms"'.

6. SUMMARY AND CONCLUSION

This unexpected ion tail crossing has provided data on
a previously-unexplored region of the cometary plasma
environment. Given the extreme circumstances of the
encounter, these data are likely to be our only source of
information on the far-downstream regions of an ion
tail for the foreseeable future. Analysis of the event
continues, with further results from magnetometer data
investigations due to appear in the near future [22].
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