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The Solar Mass Ejection Imager (SMEI) has observed several comets and traced their plasma tails as far as 108 km from their nucleus. A time sequence of SMEI orbital sky 
maps displays considerable tail motion and disruption for several of these comets. Tracking these motions versus time, when combined with ephemeris information about their 
distance from the Earth allows a determination of solar wind speeds and their variation with the location of the comet. In the case of comets C/2001 Q4 (NEAT) and C/2002 T7 
(LINEAR), which passed within about 0.3 AU of Earth in April and May of 2004, the SMEI observations show that speeds during disruptions are typically 50 to 100 km/s less 
than speeds before and after. Time durations of the disturbances vary between 3 and 8 hours, and correspond to distances traversed by the comets of ~106 km (0.007 AU). We 
compare these observations with interplanetary scintillation (IPS) three-dimensional tomographic reconstructions and find no evidence that the comet-tail features are due to 
large-scale density or velocity structures. We also compare these with near-by spacecraft measurements such as the Advanced Composition Explorer (ACE), and find a similar 
result. This suggests that the comet-tail disruptions are caused by small-scale changes in the solar wind acting over distances that are short compared with 1 AU.

Fig. 1.–– Equal-radius fisheye sky map in Sun-centered ecliptic coordinates for an orbit starting at 
11:48 UT on 7 May 2004. 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 NEAT and 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. 

• SMEI provides an “all sky, all the time” view of the 
heliosphere, here presented with sidereal, zodiacal and a 
10-day running average removed:

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, extends through 
2 June 2004 and covers 564 SMEI orbits. This and the other comet-tail movies described here can 
be viewed/downloaded at http://smei.ucsd.edu/comets/.

ANALYSIS COORDINATE FRAME

Fig. 2.––The 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-zplane 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” above, as seen from Earth, are specified by the two angles [� ,

�

]. � 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.

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, values from the Minor Planet and Comet ephemeris Service 
(http://www.cfa.harvard.edu/iau/MPEph/MPEph.html) are found for RC, the Sun-comet distance; for 
RE, the comet-Earth distance; and for elongation  the Sun-comet angle as viewed from Earth.
Next, let be the angle between the x-axis and the comet-to-Earth line. Then,

� = � + arcsin(RE sin � /RC), (1)
for given values of [� , 

�

],
x = RE cos � (1 – tan � /tan (� + � )), (2)

and finally,
z = x tan 

�

(sin � /sin � ) (3)

Fig. 3.––A view of the tail of comet LINEAR for the orbit starting at 02:54 UT on 20 May 2004. This 
represents a single frame in the comet movie.  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 Figure 2.

Fig. 4.––Figure 3 with the perspective corrected and transformed into units of 106 km as illustrated in 
Figure 2. Here x is from equation (2) and z from equation (3).

DETERMINING RADIAL VELOCITIES
We here introduce an alternative method for determining outward motion that does not require an 
easily recognizable moving feature. Consider a series of Sun-centered fisheye sky maps such as Figure 
1. A radial line away from the Sun defines 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 direction 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 at these distances from the comet nucleus and 
the Sun, that the plasma in the tail has assumed the local speed of the solar wind, and that this 
intersection moves outward at that speed. When corrected for perspective as described earlier, this 
speed provides a measure of the solar wind radial-velocity component. For each successive frame in 
the time series, a similar reference radial 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, 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 disruptions observed for comet NEAT.

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 new white 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 Figure 2) and divided by the time between the two maps. 

RADIAL VELOCITY RESULTS

Figure 6 shows a sequence for NEAT covering the time period starting 4 May 2004 at 19:27 UT, 
through 6 May 2004 at 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 illustrated in Figure 2. The 
locations of actual data points are shown, and a regular grid for the plot was filled in by the method of 
‘kriging’. The columns of data points in Figure 6 locate the measurements from subsequent SMEI
orbits, mapped to the predetermined nucleus position defined by the first frame in the sequence.

Fig. 6.–– A plot of radial velocity observed for comet NEAT, with data starting 02:13 UT on 4 May 
2004. 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 Figure 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.

• Five additional plots like figure 6 can be found, together 
with more detail for the material presented here, in an 
upcoming article in Ap. J.
• From these, 16 “events” are identified and initial times 
determined, when a comet-tail motion/disturbance is observed 
that can be tracked a significant distance down the tail. 
• The majority of these “events” are instances of a lower 
velocity than ambient, by ~ 100 km/s.
• 3-dimensional modeled reconstructions of density, 
velocity and magnetic field were performed using 
interplanetary scintillation (IPS) data from STELab, Japan. 
The results were searched at the location of the comet nucleus 
within time windows of ±6 and ±12 hours for transient 
perturbations that might correlate with the above disturbances.
• In situ density, velocity and magnetic-field data from the 
Advanced Composition Explorer (ACE) were similarly 
examined.
• Although this was a period of much solar activity,  no 
consistent pattern of correlation with one parameter was 
observed for these events.

CONCLUSIONS
• The lack of correlation with IPS reconstructions may 
result from the perturbations in the solar wind causing the 
observed perturbations being too small to be resolved by the 
20°×20° resolution of our present IPS reconstruction, and 
ACE (0.2 AU at its closest) too far away to be measuring the 
same part of the solar wind.
• 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 outward motion are often observed in 
transitions through regions of lower-than-ambient solar wind 
velocity, typically 50 to 100 km/s.  


