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ABSTRACT

Comets C/2001 Q4 (NEAT) and C/2002 T7 (LINEAR) passed within �0.3 AU of Earth in April and May of
2004. Their tails were observed by the Earth-orbiting Solar Mass Ejection Imager (SMEI) during this period. A
time series of photometric SMEI sky maps displays the motions and frequent disruptions of the comet plasma tails.
Ephemerides are used to unfold the observing geometry; the tails are often seen to extend�0.5 AU from the comet
nuclei. Having selected 12 of the more prominent motions as ‘‘events’’ for further study, we introduce a new method
for determining solar wind radial velocities from these SMEI observations. We find little correlation between these
and the changing solar wind parameters as measured close to Earth, or with coarse three-dimensional reconstructions
using interplanetary scintillation data. A likely explanation is that the transverse sizes of the solar wind perturbations
responsible for these disruptions are small,P0.05 AU. We determine the radial velocities of these events during the
disruptions, using a technique only possible when the observed comet tails extend over a significant fraction of an AU.
We find typical radial velocities during these events of 50Y100 km s�1 lower than before or afterward. Time durations
of such events vary, typically from 3 to 8 hr, and correspond to comet traversal distances �106 km (0.007 AU). We
conclude that these large disturbances are primarily due to ubiquitous solar wind flow variations, of which these
measured events are a subset.

Subject headinggs: comets: individual (C/2001 Q4 (NEAT), C/2002 T7 (LINEAR), C/2004 F4 (Bradfield)) —
solar wind — Sun: coronal mass ejections (CMEs)

Online material: mpeg animations

1. INTRODUCTION

For over half a century, comet plasma (type I ) tails have been
recognized as naturally occurring probes of the solar wind,
useful for providing information about not only its mean global
properties, but also its spatial and temporal variations (e.g.,
Biermann 1951, 1957; Brandt & Chapman 2004; Mendis 2006,
and references therein). The plasma tail, while immersed in the
solar wind and lying in the comet’s orbital plane, is not pointed
radially away from the Sun, but lags behind the radial by an
aberration angle (in the sense opposite to the comet’s motion)
of typically about 5� (Brandt & Chapman 2004, and references
therein). When the comet encounters a sudden variation of the
solar wind dynamics, a ‘‘kink’’ or bend in the tail can appear
when some of the comet’s apparent motion is perpendicular to
the comet tail. In this case the aberration angle changes, and the
resulting bend propagates with time down the tail. This kink can
also appear as a brightening of the comet tail when the line of
sight has a significant component within the orbital plane. Fi-
nally, when a comet tail spans the heliospheric current sheet
(HCS), a ‘‘disconnection event’’ can occur, with the trailing end
of the tail completely separating from the main tail structure
(Niedner & Brandt 1978; Brandt & Snow 2000).

These variations are of particular interest for this work, which
presents new comet-tail measurements of data from a space-borne
instrument, the Solar Mass Ejection Imager (SMEI), (Eyles et al.
2003; Jackson et al. 2004) in Earth orbit on board the Air Force
Coriolis satellite. In particular, three comets were observed by

SMEI in 2004 April and May: C/2001 Q4 (NEAT), C/2002 T7
(LINEAR), andC/2004F4 (Bradfield). BothNEATandLINEAR
passed close by Earth, within �0.3 AU. At times their plasma
tails can be seen extending up to 8 ; 107 km (�0.5AU), and they
exhibit considerable variability in both position and brightness.
On the other hand, comet Bradfield passed less close to Earth and
at high ecliptic latitude; its tail remained quiescent throughout
the observation period.
An earlier publication (Kuchar et al. 2007) highlights six of

the larger tail ‘‘disruptions’’ for comets NEAT and LINEAR,
derived from the same SMEI observations. That article notes
that one disruption coincides with the nearby passage of a cor-
onal mass ejection (CME). Two of the five remaining events can-
not be explained by a passage of the comet tail through the HCS.
The present work examines the data in much greater detail. We
find that comet tails during this time period are in almost con-
tinuous motion; we here identify 12 of the largest tail-motion
‘‘events’’ (some individual and some multiple) for further study.
The instrumentation from which data were obtained is de-

scribed in x 2; x 3 describes the analysis of the data and com-
parison of other data with these SMEI observations. Section 4
presents the results, and x 5 a summary and our conclusions.

2. INSTRUMENTATION: THE SOLAR MASS
EJECTION IMAGER

SMEI was designed to detect and forecast the arrival of CMEs
and other heliospheric structures moving toward and passing
by Earth; it consists of three CCD cameras, each viewing a 60� ;
3� band of sky oriented roughly perpendicular to the satellite’s
velocity vector. The Coriolis satellite circles Earth in a roughly
polar orbit at an altitude of 840 km. In each 102 minute orbit, the
fields of view of the combined cameras sweep over almost the
entire sky. The cameras’ sensitivity covers the optical wave band
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(0.4Y1.1 �m), and the sky angular resolution is about 0.5
�
. Dif-

ferential photometric precision is about 0.1% overmost of the sky,
but degrades near bright stars or theMoon, during periods of bright
aurora (Mizuno et al. 2005), or when auroral electrons or South
Atlantic Anomaly (SAA) protons impact the CCD (Buffington
et al. 2006). The SMEI instrument is fully described byEyles et al.
(2003), and the SMEImission and data analyses by Jackson et al.
(2004).

3. DATA ANALYSIS

SMEI data for a single orbit consist of �1500 single CCD
frames for each camera. These are normalized and stitched to-
gether into a single sky map by the primary SMEI data analysis
process (Jackson et al. 2004; Hick et al. 2005). Average stellar
and zodiacal-light contributions and a slowly varying 10 day av-
erage response are then subtracted. Stars brighter than 6th mag-

nitude are individually subtracted (Hick et al. 2007). The result-
ing maps provide a photometric measure of surface brightness
versus angular position in the sky. A time series of these maps
clearly displays the comet-tail motions and disruptions. However,
angular measurements using these sky maps may prove incon-
venient for quantitative analysis, since the comet nucleus moves
and is at a variable distance. Thus, the actual linear perturbation
sizes depend on the distance and orientation of the comets relative
to the observer. The next two sections describemaking the skymaps
into movies and further processing of these movies to display the
comet-tail motions with the comet nucleus held fixed, and finally
with the effects of changing distance and perspective removed.

3.1. Comet Movies

Figure 1 shows a sky map with the three comets indicated.
The coordinate frame is ecliptic; the projection is of an equal-angle

Fig. 1.—Equal-radius fisheye skymap in Sun-centered ecliptic coordinates for an orbit starting at 11:48UTon 2004May 7. North is up. In this projection, radial angles
are mapped linearly from the Sun (black cross), and angles around the Sun are preserved over the entire radial distance. The white arrows indicate the locations of the three
comets. Separate plasma and short dust tails are visible for comets NEATand LINEAR. Blank spaces in the map include a circular exclusion zone never viewed by SMEI
(below center), an adjoining arc where the shutter for the camera viewing nearest the Sun was closed (left center), and an area excluded due to contamination from the
nearby Moon ( lower right). Some auroral light contamination is visible to the upper left. An mpeg animation is available in the online Journal.
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fisheye centered on the Sun out to a square of �100
�
. The in-

tensity scale is the SMEI analog-to-digital units (ADUs), which
relate as shown at the top of Figure 1 to ‘‘S10’s’’, the equivalent
intensity of a 10th magnitude star spread over a 1

� ; 1� sky bin
(see x 13.3 in Cox 2000 and, for the surface brightness conversion
scale, Buffington et al. 2007). This map covers more than a hemi-
sphere of sky.

A sequence of 539 sky maps like Figure 1 is assembled into a
movie in which the evolving motion of the comets is clearly
visible. The time period starts at 24 April 2004, 05:27 UT, ex-
tends through 2 June 2004 and covers 564 SMEI orbits.3 This
movie shows considerable tail activity throughout this time pe-
riod for both NEAT and LINEAR, but only smooth, featureless

motion for Bradfield, which fades from view well before the end
of the movie.
Figure 2 shows another coordinate frame that is useful to pre-

sent and analyze the comet observations. This analysis uses comet
ephemerides from theMinor Planet andComet Ephemeris Service4

to place the comet nucleus at the origin of a standard coordinate
frame and orient the coordinate frame’s x-axis along the line to
the Sun.
Figure 3 shows a single frame from amovie of comet LINEAR

using the angles (�, � ) introduced in Figure 2. The comet tails
span a considerable angle in the sky, occasionally greater than
90� when Figure 2’s point P lies within the comet’s tail, farther
from the Sun than the comet nucleus. Since the comet tails are
nearly straight, extending in three-dimensional (3D) space ap-
proximately along the positive x-axis, the apparent angular

Fig. 2.—Comet coordinate frame; the nucleus is at the origin. The x-axis connects the Sun and the nucleus as shown, with positive pointing away from the Sun. Point
‘‘P’’ is the location where the x-axis is closest to Earth. The x-z plane is perpendicular to the line connecting P and Earth. In this coordinate frame the comet tail remains
close to the positive x-axis. Locations in the sky near the comet, such as point ‘‘D’’, as seen from Earth, are specified by the two angles (�, �), where � is the spherical
coordinate ‘‘longitude’’ of the given point along the comet’s tail, positive away from the Sun, and � its ‘‘latitude.’’ For the observations presented here, point P is usually
(but not always) located as shown between the Sun and comet nucleus on the negative x-axis. Note that this coordinate frame follows the motion of the comet nucleus
relative to the Sun and Earth.

Fig. 3.—View of the tail of comet LINEAR for the orbit starting at 02:54UTon 2004May 20. This represents a single frame in the cometmovie. Here the comet nucleus
is located at the origin, displaced as shown from the left-hand axis. Horizontal and vertical axes represent the angles (�, �) of Fig. 2.

3 This and the other comet-tail movies described are available as mpeg ani-
mations in the electronic edition of the Journal, and can also be viewed at http://
smei.ucsd.edu /comets/. 4 See http://www.cfa.harvard.edu /iau /MPEph /MPEph.html.
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extent of a comet tail is limited to less than 90
�
as measured

from point P (at 90� a point would be infinitely far away from
the observer). The next section describes the conversion from
Figure 2’s angular values (�, � ), to the linear (x, z).

3.2. Unfolding the Perspective

The angular location (�, � ) of a given point along the comet
tail can be converted to (x, z), where x is the 3D linear distance
down the comet tail along the Sun-comet line, and z the distance
perpendicular to this and to the line from point P to Earth. First,
ephemeris values are found for the Sun-comet distance Rc, the
comet-Earth distance RE, and the elongation of the Sun-comet
angle as viewed from Earth, ".

Next, let � be the angle between the x-axis and the comet-to-
Earth line. Then,

� ¼ "þ arcsin (RE sin "=Rc); ð1Þ

for given values of (�, � ),

x ¼ RE cos � 1� tan �=tan (� þ �)½ �; ð2Þ

and finally,

z ¼ x tan �(sin �=sin �): ð3Þ

Figure 4 shows Figure 3, but with the resulting perspective-
corrected linear (x, z) values. Movies 2Y5 show both NEAT
(Movies 2 and 3) and LINEAR (Movies 4 and 5) individual
comet-tail motions for the entire period without (Movies 2 and 4)
and with (Movies 3 and 5) the perspective corrected. Bradfield is
shown only without the perspective corrected in Movie 6, since
little is gained fromperspective-correcting its tail, which remained
quiescent during the observation.

3.3. A Qualitative Description of the Comet Movies

The fisheye movie centered on the Sun (as the selected frame
in Fig. 1) is the best choice to view all three comets at once

throughout the period studied in this article. Numerous CMEs
are also visible in this movie as areas of faintly enhanced bright-
ness sweeping across the sky, although only one (see Kuchar
et al. 2006, 2007) occurs in close proximity to comet-tail activ-
ity. Individual comet movies are more suitable for viewing the
changing topography of their tail features. Movies of comets
C/2001 Q4 (NEAT) and C/2002 T7 (LINEAR) both exhibit
considerable tail activity, while the tail of comet C/2004 F4
(Bradfield) remains straight and unstructured until it fades from
view. In addition to the plasma tails, shorter dust tails are also
visible during portions of the movies for NEAT and LINEAR.

The plasma-tail motions seen for both of these comets are a
combination of (1) a continuous ‘‘waving’’ like a wind-blown
smoky trail of a torch being carried; (2) a wave or kink appear-
ing close behind the nucleus and propagating down the tail; and
(3) one or more bright knots propagating down the tail, usually
connected by a fainter trail.

Typically, a kink at first appears as an abrupt change. In the
majority of cases an increase in aberration angle relative to the
unperturbed comet tail is seen, and this angle often increases
further as the disturbance propagates down the tail. In this case
the material trailing the kink appears to be catching up with the
material within and ahead of the kink. Various unrelated artifacts
are also visible in the movies, especially in the wide-angle fisheye
Sun-centered ecliptic movie (Movie 1).5 In most cases these arti-
facts and empty places in the sky do not interfere muchwith view-
ing and measuring the comet-tail motions.

Fig. 4.—Same as Fig. 3, but with the perspective corrected and transformed into units of 106 km as illustrated in Fig. 2. Here x is from eq. (2) and z from eq. (3).

5 Most notable of these are the aurorae (Mizuno et al. 2005), twice daily
periodic interference of the SAA (rapidly changing spotty broad arcs, a residue
of the particle contamination removal), passage of the bright Moon (empty sec-
tions of sky with bright or noisy edges), and a population of variable stars that
were not removed by the star-subtraction procedure (periodically flashing spots).
In addition, the sky is left blank where no data are recorded, within about 20� of
the Sun, and out to even larger elongations where the shutter was closed for the
camera viewing closest to the Sun, to prevent direct sunlight from entering the
inner optics chamber.
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3.4. Velocity Measurements Derived from the Data

Comet plasma (type I ) tail orientation has long been used to
estimate the solar wind speed at the location of the comet (Brandt
1968). Far from the comet nucleus (�107 km), the plasma tail’s
behavior is determined, for the most part, by the solar wind
(Biermann 1951, 1957; Alfvén 1957). When a kink or knot trav-
els down the comet tail, its angular velocity can be determined
in the moving coordinate system of Figure 2 (i.e., relative to the
moving comet nucleus placed at the origin of coordinates as in
Fig. 3) by simply measuring the increasing angle between the
nucleus and the feature. The equivalent measurements from
Figure 4 yield a perspective-corrected velocity. To translate
these measured velocities to an actual solar wind velocity com-
ponent, corrections are needed for the comet nucleus motion
and, in the case of angular velocity, also for the viewing per-
spective angle. However, the comet tails do not always con-
tain easily recognized moving features such as kinks and knots
which can be followed and measured as they move down the
tail.

We here introduce an alternative method for determining out-
ward motion that does not require an easily recognizable mov-
ing feature. Consider a series of Sun-centered fisheye sky maps
such as shown in Figure 1. A radial line away from the Sun de-
fines the direction of a purely radial solar wind outflow. Hence,
if we draw a straight line from the Sun to the location of the
comet’s nucleus in a specific frame (i.e., at a specific time) this
defines the instantaneous, purely radial outward flow direc-
tion at that location of the comet. In subsequent frames (i.e., at
later times), the intersection of this fixed line with the comet
tail moves down the tail away from the Sun.We presume that at
these distances from the comet nucleus and the Sun, the plasma
in the tail has assumed the local speed of the solar wind, and
that this intersection moves outward at that speed. When cor-
rected for perspective as described in x 3.2, this speed provides
a measure of the solar wind radial velocity component. For
each successive frame in the time series, a similar reference ra-
dial line is drawn from the Sun to the comet nucleus, and its
intersection with the comet tail is tracked through subsequent
frames. These lines are tracked not just near the comet nucleus,

Fig. 5.—Four sections extracted from separate Sun-centered fisheye sky maps. The Sun is located in the top right corner of each frame, and a white line is plotted from
the Sun to the comet’s nucleus for each frame. This line plotted along the Sun-comet line for the first frame is kept fixed as a black line in subsequent frames, and is used as
the reference point for radial velocity measurements; a newwhite line is plotted along the Sun-comet line of the current (new) frame. Intersection of the comet tail with the
black line is indicated by a circle. The radial velocity values here are determined by the angle between this circle and the black dot marking the comet’s position in the initial
frame, converted to a distance (as in Fig. 2) and divided by the time between the two maps.
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but at many points down the tail, thus providing a grid of in situ
velocities at the crossing points along each radial. Figure 5
illustrates the method for four frames from one of the tail dis-
ruptions observed for comet NEAT.

The NEAT and LINEAR comet movies were inspected for
changes/disruptions of the comet tails that could be followed
down the comet tails, spanning at least five SMEI 102 minute
orbits. Table 1 lists 12 time periods or ‘‘events’’ associated with
comet-tail motion which can be measured with the above tech-

nique, giving the times when the feature first appeared and dis-
appeared; in some cases, a range of velocities and a morpholog-
ical description are given. Some of the resulting velocities are
also presented in graphic form in Figures 6, 7, and 8. Figure 6
shows a sequence for NEAT covering the time period starting
2004May 4 at 19:27 UT, throughMay 6 12:05 UT. Contours of
radial velocity are presented as a function of distance the comet
has traversed versus distance, x, down the comet tail, as illus-
trated in Figure 2. The locations of actual data points are shown,

TABLE 1

A Selection of Events for Comets NEAT and LINEAR, for Some Features Having the Most Obvious Disruptions

Date First Visible

2004 (UT)

Date Last Visible

2004 (UT)

Radial Velocity

(km s�1) Comments

C/2001 Q4 (NEAT)

26 Apr 01:28............................. 26 Apr 18:24 349Y463 Onset obscured by frame overlap in southern hemisphere,

similar to the LINEAR 2004 May 13 event.

28 Apr 21:12............................. 30 Apr 02:00 See Fig. 7 Onset obscured by perspective and noise.

30 Apr 18:56............................. 1 May 16:56 See Fig. 7 Radial velocity gradient.

5 May 02:13 ............................. 6 May 12:05 See Fig. 6 Radial velocity gradient; also see Kuchar et al. (2006, 2007).

13 May 08:20 ........................... 19 May 03:29 See Fig. 8 Multiple velocity gradients, including large low-velocity

and four smaller high-velocity regions.

19 May 03:29 ........................... 20 May 15:03 Higher speed > 400 Wavelike disturbance, probably a large off-radial component.

C/2002 T7 (LINEAR)

25 Apr 15:01............................. 27 Apr 11:20 320 Small wave and knot.

29 Apr 10:45............................. 30 Apr 02:08 470 Multiple waves.

5 May 12:23 ............................. 8 May 08:07 See Fig. 7 Knot mostly visible from 2004 May 6 12:05 UT until end.

9 May 21:22 ............................. 10 May 12:36 416 Large wave (presumably a helical or perspective effect).

13 May 03:15 ........................... 15 May 02:40 360 to 430 Onset obscured by perspective, measurement extends from middle to end of event,

and returns to an ambient wind radial velocity.

Appears helical as previous, and further disturbance follows.

17 May 08:51 ........................... 20 May 09:40 See Fig. 7 Multiple radial velocity gradients measured, ideal perspective.

Fig. 6.—Plot of radial velocity observed for comet NEAT, with data starting 02:13 UTon 2004May 4. Each data point uses a pair of SMEI sky maps, and each vertical
column of dots represents a series of measurements along a radial, as illustrated in Fig. 5. The horizontal location of a data point is the orbital plane distance the comet has
moved relative to the above arbitrary beginning time, for the earlier of the pair of maps. Radial velocity is the distance x divided by the elapsed time between the pair of
maps. The data points illustrated are expanded into a complete contour map by a kriging process. The resulting contour map is a display of solar wind radial velocity in the
comet’s orbital plane extending outward by up to 0.25 AU from the comet’s orbit.
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and a regular grid for the plot was filled in by the method of
‘‘kriging.’’ Figures 7 and 8 present similar plots for some dif-
ferent selections from Table 1. The columns of data points in
Figures 6 and 7 locate the measurements from subsequent SMEI
orbits, mapped to the predetermined nucleus position defined by
the first frame in the sequence.

This method of measurement automatically takes into ac-
count the comet’s orbital motion relative to the stationary Sun-
Earth line. The small motion of Earth relative to this line is here
considered to have negligible impact on the radial velocity mea-
surements using this method. Possible solar wind nonradial ve-

locity components can exist, but these were virtually undetect-
able in all but one of the events. Even here, this had an insignif-
icant impact on our radial component velocity measurements.
The two methods of measuring radial velocity agreed in several
cases where an easily tracked feature moving down the comet
tail was available.

3.5. Interplanetary Scintillation

Interplanetary scintillation ( IPS) is the variation in appar-
ent intensity at meter wavelengths from compact radio sources
(‘‘point sources’’) produced by density inhomogeneities in the

Fig. 7.—Additional time periods from Table 1. These show that these comets frequently encounter regions of slower solar wind, and that such regions are often
�106 km in size. Axes and scales are the same as in Fig. 6.
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solar wind. This produces a drifting pattern of scintillation across
the Earth and thus allows IPS to be used as a probe for investigat-
ing the inner heliosphere. Such data have been used to measure
small-scale (�150 km) heliospheric density variations along the
line of sight. These have been investigated for over 40 years by
employing various methods of interpretation and analyses (e.g.,
Houminer 1971; Hewish & Bravo 1986; Behannon et al. 1991;
Coles 1996; Breen et al. 1996; Bisi et al. 2005; Jackson & Hick
2005; Jackson et al. 2007a; Bisi et al. 2007a). In this paper, data
from the Solar Terrestrial Environment Laboratory (STELab)
IPS arrays in Japan were used to reconstruct 3D density and
velocity structure of the inner heliosphere (Jackson et al. 1998,
2003; Jackson &Hick 2005). In addition, data from theWilcox
Solar Observatory (WSO) were incorporated into the IPS re-
constructions to yield the heliospheric magnetic-field distribu-
tions through use of the Stanford Current-Sheet Source-Surface
(CSSS) model (e.g., Dunn et al. 2005).

3.6. Three-dimensional Reconstructions from IPS Data

At present, our 3D reconstruction incorporates a purely ki-
nematic solar wind model. Given the velocity and density of an
inner boundary (the ‘‘source surface’’), a fully 3Dmodel best fit-
ting the observations is iteratively calculated. It assumes a purely
radial outflow and enforces conservation of mass and mass flux
(e.g., Jackson et al. 1998; Jackson & Hick 2005). If the line-of-
sight integrations of 3D solar wind at large solar distances do not
match the overall observations, then the source surface values
are iteratively modified to reduce the differences. This technique
has been used to analyze CME-associated structures using IPS,
such as those of the Bastille Day CME of 2000 July 14 (e.g.,
Jackson et al. 2003), and SMEI Thomson scattering observations
(Jackson et al. 2006, 2007b; Bisi et al. 2007b, 2008).

The time series of 3D density, velocity, and magnetic field
resulting from the IPS reconstructions are used to evaluate these
quantities versus time at Earth, or at the comet nucleus locations.

These latter in turn can be compared with periods of activity in
the comet tails.

3.7. ACE Measurements

The solar wind in situ measurements from the Advanced Com-
position Explorer (ACE; Stone et al. 1998) spacecraft have long
been used to provide ‘‘ground truth’’ verification to the IPS/
SMEI 3D reconstructions (e.g., Jackson et al. 2003). ACE is lo-
cated at the first Lagrange point L1, and is thus about 0.01 AU
away from Earth toward the Sun. Large-scale features observed
by the above IPS reconstructions are, in most cases, confirmed
by the in situ measurements (Jackson et al. 1998, 2003; Jackson
& Hick 2005). Confirmation of smaller scale features, such as
those of small amplitude or lasting less than a day, is less fre-
quent. This latter is likely due to the limited number of lines
of sight provided by the IPS arrays, so that small features are
either missed in the observation or are unresolved in the 3D
reconstructions.

4. RESULTS

The present work is a further analysis of the tail motions
of the two comets using SMEI data that was reported earlier
(Kuchar et al. 2006, 2007). Here we present significantly more
examples of comet-tail motion. In addition, to better ascertain
solar wind /comet-tail radial velocity values, we convert the
SMEI sky maps showing angular positions on the sky to maps
showing approximate linear distance along the comet tail.

In all but two of the selected ‘‘events’’ in Table 1 (comet NEAT
starting 13 May and shown in Figure 8 for a longer time period,
and again comet NEAT starting 19 May), the radial component
of solar wind velocity drops during the perturbation, typically by
�100 km s�1, and then returns to a higher value. This provides
an explanation for the changing appearance with timementioned
in x 3.3, at least for these particular events as they propagate
down the comet tail. During the transition to the lower velocity,

Fig. 8.—Similar to Figs. 6 and 7, but for comet NEATstarting 2004May 9 at 16:17 UTand including about 10 days of data. Because of the much longer time span, the
horizontal scale here is compressed fivefold relative to that of the other figures, and the locations of the densely spaced individual data points are suppressed. SMEI had a
data gap between 26 and 28 ; 106 km along the horizontal axis. The larger time span here includes passage of the comet through at least three, if not several more, regions of
higher solar wind radial velocity, as well as a lower velocity region starting at 23 ; 106 km following these.
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the comet-tail outward radial motion decreases and the aberration
increases. The events measured here can be compared/contrasted
to a ‘‘disconnection event’’ recently viewed close to the Sun and
discussed in Vourlidas et al. (2007).

We also examined 3D reconstructions of the inner heliosphere
in density, velocity, and magnetic field using IPS andWSO data.
Events were selected from Table 1 for those cases where an un-
ambiguous time could be discerned at which the disturbance
passed the location of the comet nucleus. The reconstructions
were then examined at that location and time for changes in den-
sity, velocity, or magnetic field. An additional LINEAR event
(26 May) was included for which the data were insufficient for a

direct radial velocity measurement, due to the Sun-facing cam-
era’s shutter being closed and obscuring the view of the comet.
Table 2 lists IPS signatures evaluated at the comet nucleus and
coinciding within both�12 hr of the SMEI comet-tail disruption
onset times and with a more stringent �6 hr. The inner helio-
sphere is sufficiently active at this time so that something among
the density, velocity, or magnetic field listed in Table 2 is seen
to be changing within the indicated time for most of the events
listed in the Table. However, no consistent correlation with a par-
ticular quantity emerges from Table 2’s list of signatures.
Similarly, no consistent correlation was found when data from

ACE were examined for density, velocity, and/or magnetic-field
changes occurring close in time to the comet-tail events listed
here. Finally, as we concluded with earlier work (Kuchar et al.
2007), only a fraction of these events lie close enough to the HCS
for this to be a possible cause of the comet-tail motion discussed
here.

5. SUMMARY AND CONCLUSIONS

We could not establish any clear correlation between comet-
tail motions and variations in ACE or in the IPS 3D recon-
structions. The IPS 3D reconstructions have resolutions of
approximately 20� ; 20� in latitude and longitude and times of
about one day. No corresponding patterns of change with time
in these reconstructions coincide with the times of the comet-
tail events. Similarly, even for the nearest of comet-tail events,
ACE remains more than 20� away from the comet nucleus
radial. The simplest explanation for not finding any correlation
between these data sets is that the scale sizes of the solar wind
perturbations causing these comet-tail motions are sufficiently
small that in effect ACE was measuring a different part of the
solar wind, and the angular resolution of the 3D reconstructions
is too coarse presently to resolve them.
A kink has typically moved 0.05Y0.10 AU down the comet

tail when it assumes its characteristic angular size as viewed
from the Sun. Beyond this, the angular size grows slowly, if at
all. Often, individual knots of material can be discerned within
the kink, not necessarily flowing along a radial from the Sun,
but still measurable over several or many SMEI 102 minute
orbits. For these, some nonradial motion within the solar wind is
required, but in all cases but one (see x 3.4) the nonradial com-
ponent of velocity is negligible compared to the radial velocity
itself.
These observations of tail motion are near 1 AU, and make

the assumption that changes in solar wind speed are rendered
visible by changes in radially outward comet-tail motion as the
comets move through the sky. Here, abrupt changes in this out-
ward motion are often observed in transitions through regions of
lower-than-ambient solar wind velocity, typically 50Y100 km s�1.
In the transverse direction, the size of the regions of changed and
often reduced radial velocity are of the order of 0.5Y1:0 ; 106 km.
The measurement technique introduced here measures regions of
fast and slow solar wind radial velocity equally well. However,
the ‘‘kink’’ appearance of the tail that so easily distinguishes the
large disruptions is caused simply by the later, faster region of
solar wind catching up with the transient slower portion, initiat-
ing the majority of the ‘‘events’’ highlighted here.
These observations are consistent with a flux-tube description

of the solar wind (Borovsky 2006). In this case, a passing distri-
bution of plasma discontinuities observed in situ with spacecraft
such as ACE is viewed as a multitude of separate flux tubes, each
containing its own plasma, andwith tube size of order 5 ; 105 km.
Furthermore, tubes having lower velocity solar wind tend to
be larger (Borovsky 2006, 2007), which is consistent with our

TABLE 2

Summary of IPS 3D Reconstruction Data,

Time within �12 and �6 hr at Each Comet

Date (2004)

Orbit Time

(UT)

No. IPS

Signatures

at Disturbance

Disturbance

Morphologya

Comet NEAT (C2001/Q4): 9 events, time within �12 hr

Apr 25 ..................... 22:05:47 1 v

Apr 29 ..................... 20:55:20 2 n, v

May 05.................... 00:32:03 1 n

May 10.................... 04:08:46 2 n, v

May 11 .................... 02:09:33 3 v, Br, Bt

May 12.................... 13:43:08 3 v, Br, Bt

May 13.................... 13:25:31 2 Br, Bt (both cross 0)

May 15.................... 06:03:53 4 n, v, Br, Bt

May 18.................... 08:34:14 2 n, v

Comet LINEAR (C2002/T7): 7 events, time within �12 hr

Apr 25 ..................... 17:00:59 3 n, Br, Bt

Apr 29 ..................... 10:45:44 1 v

May 05.................... 02:13:39 4 n, v, Br, Bt

May 09.................... 23:03:58 2 n, v

May 13.................... 04:57:31 2 n, v

May 17.................... 08:51:51 4 n, v, Br, Bt

May 26.................... 02:50:05 4 n, v, Br, Bt

Comet NEAT (C2001/Q4): 9 events, time within �6 hr

Apr 25 ..................... 22:05:47 1 v

Apr 29 ..................... 20:55:20 2 n, v

May 05.................... 00:32:03 1 N

May 10.................... 04:08:46 2 n, v

May 11 .................... 02:09:33 3 v, Br, Bt

May 12.................... 13:43:08 2 v, Br

May 13.................... 13:25:31 0 NS

May 15.................... 06:03:53 3 n, v, Br

May 18.................... 08:34:14 2 n, v

Comet LINEAR (C2002/T7): 7 events, time within �6 hr

Apr 25 ..................... 17:00:59 2 Br, Bt

Apr 29 ..................... 10:45:44 1 v

May 05.................... 02:13:39 4 n, v, Br, Bt

May 09.................... 23:03:58 2 n, v

May 13.................... 04:57:31 2 n, v

May 17.................... 08:51:51 4 n, v, Br, Bt

May 26.................... 02:50:05 3 n, Br, Bt

Notes.—Last two columns show the number and type (disturbance morphol-
ogy) of IPS signatures seen at the time of the disturbance.

a NS = none of the above signatures seen in the IPS data; n = electron density
of the solar wind (number of e� cm�3); v = solar wind radial velocity (km s�1);
Br = change in solar wind radial component of magnetic field; Bt = change in solar
wind tangential component of magnetic field.
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analysis of these outward comet-tail motions. Thus, as the
comet tail spreads out into the solar wind, its appearance would
typically be determined by an average of several flux tubes or
more, but in the case of lower velocity, a single flux tube would
become dominant.
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