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Abstract

Comets tails can reveal information about the local solar wind conditions. They can exhibit various signatures of
interactions with the solar wind including bending, developing kinks, and sometimes undergoing tail
disconnections. In this study, we investigate comet tail disconnection events observed in the STEREO HI data
during the period of 2007–2023. Using the Heliospheric Upwind eXtrapolation model with a time-dependency
(HUXt) solar wind model alongside novel solar wind data assimilation (DA) techniques, each disconnection event
was investigated to determine its cause. The resulting statistical analysis led to three main conclusions: (1) for
every heliospheric current sheet (HCS) crossing predicted by HUXt that occurs when the comet is within the region
of influence of DA, a tail disconnection follows; (2) for HCS crossings that occur outside the region where DA can
be applied, 54.5% are followed by a tail disconnection; and (3) there is an approximately linear relationship
between the speed of the solar wind at the HCS crossing and the time delay to the onset of a disconnection given by
the equation Vrel (km s−1)= (2.23 ± 0.35)Δt (hr) + (400 ± 10)(km s−1).

Unified Astronomy Thesaurus concepts: Comet tails (274); Solar wind (1534)

1. Introduction

Comets are remnants from the early solar system, and they
originate from the Oort cloud (D. E. Brownlee 2007). Some-
times a comet’s orbit can take it into the inner solar system, and
the icy rock subsequently sublimates into gas. This process
forms the coma, dust, and plasma (ion) tails that we associate
with comets (C. Götz et al. 2022). Comet tails are affected by
interactions with the solar wind, and this is most prominent in
their ion tails. This study analyzes solar wind interactions with
comet tails; therefore, it focuses on the ion tail and not the dust
tail. The ion tail can experience turbulence due to structures in
the solar wind, and this can be observed as bending or kinking
of the tail. The most dramatic evidence of solar wind
interactions with the tail is a process called a disconnection
event. This is when the tail of the comet is removed from the
nucleus. There are three widely accepted causes for disconnec-
tion events, all of which have been modeled or directly
observed: the crossing of the heliospheric current sheet (HCS;
M. B. Niedner & J. C. Brandt 1978), interaction with a stream
interaction region (R. Wegmann 2000), and the comet
encountering a coronal mass ejection (CME; A. Vourlidas
et al. 2008). Although individual case studies of comet-tail
disconnection events are valuable for explaining the types of
solar wind conditions that can cause these events, it can be
difficult to determine if these mechanisms are common for all
events or whether they were isolated incidents and therefore
comet-dependent. In this study, 17 yr of data taken from the
Heliospheric Imagers (HIs) on board the NASA Solar
TErrestrial RElations Observatory (STEREO) spacecraft
(M. L. Kaiser et al. 2008) are used to analyze multiple events
to allow for a statistical investigation of comet-tail

disconnections and to highlight any similarities between them.
This is relevant not only to cometary science but also for space
weather forecasting and predictions, as comets can be used to
infer in situ information about the solar wind, but this
information is limited when the mechanism is uncertain. The
structure of this paper is as follows. In Section 2, we discuss the
influence of the HCS as a cause for disconnection events. In
Section 3, we describe the methods used to carry out this
analysis, which were previously tested on a singular case study.
Section 4 shows the results obtained from the statistical study,
and finally, in Section 5, the results and their implications are
summarized.

2. The Influence of the HCS on Comets

The solar wind flows almost radially outward from the Sun
and drags the coronal magnetic field with it due to the frozen-in
flux theorem (H. Alfvén 1942). Due to the rotation of the Sun,
the magnetic field is subsequently wound into a spiral shape,
known as the Parker spiral (E. N. Parker 1958). This extends
into the solar system. The HCS is the boundary between the
heliospheric magnetic field oriented toward and away from
the Sun.
Alfvén proposed that the interplanetary magnetic field would

get draped around a comet (H. Alfvén 1957) and form an
induced magnetotail. It follows that any change in magnetic
polarity that the comet experiences within the interplanetary
magnetic field would have an effect on the comet. M. B. Nied-
ner & J. C. Brandt (1978) explained what would happen if a
comet experienced a change in polarity in the heliospheric
magnetic field (also known as a crossing of the HCS) and
showed that it would result in an “uprooting” of the tail due to
magnetic reconnection. This theory indicates that a comet
should therefore always experience a tail disconnection when it
encounters a magnetic field polarity change. There have been
many studies on the impact of current sheet crossings on
comets. For example, J. C. Brandt et al. (1999) found that no
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other property of the solar wind has a one-to-one association
with disconnection events, and this was supported by
M. R. Voelzke & O. T. Matsuura (2000), who also found a
clear association with disconnection events and “sector
boundary” (HCS) crossings. Y. Yi et al. (1996) modeled the
effects of a comet crossing the HCS, which resulted in a
disconnection event. However, M. R. Voelzke (2005) summar-
ized the theories and individual case studies on the association
of disconnection events and current sheet crossings, and it was
found that although the relationship between them is accepted,
it is less accepted that this association is one-to-one.

The uncertainty in the association between comets and HCS
crossings could potentially be explained by a lack of accurate
modeling of the heliospheric magnetic field out of the ecliptic
plane, where in situ information from spacecraft is extremely
sparse, leading to the structure of the HCS at higher latitudes
being less well understood. As comet orbits can be highly
inclined, the lack of spacecraft data and observations at these
latitudes could have resulted in less certainty when modeling
the solar wind conditions at the comets. Comets are therefore a
good probe in mapping the heliospheric magnetic field outside
of the ecliptic plane. If we understand their association with the
HCS, we can use techniques like data assimilation (DA) with
observations of comets to improve modeling of the solar wind
outside of the ecliptic.

3. Method

The core method used in this study is the same as the one used
by S. R. Watson et al. (2024) in the individual case study of a tail
disconnection observed by STEREO of Comet Leonard in 2021
December. In that study, the method was developed to use
assimilation of in situ solar wind observations to constrain a solar
wind model and hence determine the probable cause of a tail
disconnection. In the current study, this method is applied to
multiple events. Details of the method can be found in
S. R. Watson et al. (2024) and are summarized in Section 3.2.

3.1. STEREO

The STEREO spacecraft (STEREO-A and STEREO-B) were
launched in 2006, with the purpose of monitoring the Sun and
inner heliosphere, to improve our understanding of space weather.
On board both spacecraft is the Sun–Earth Connection Coronal
and Heliospheric Investigation instrument package (R. A. Howard
et al. 2008), which contains the Heliospheric Imager-1 (HI-1) and
Heliospheric Imager-2 (HI-2) instruments (C. J. Eyles et al. 2009).
Early in the mission, these cameras provided a wide-field view of
the Sun–Earth line. While these cameras were designed to image
the solar wind and CMEs, they have also captured other objects in
their field of view (FOV), such as comets. Due to their
uninterrupted view, they are extremely useful for monitoring
comet tails over extended periods of time. Such serendipitous
observations of comets in the HI cameras were used for this study.

3.2. HUXt and DA

The Heliospheric Upwind eXtrapolation model with a time-
dependency (HUXt) model (M. Owens et al. 2020; L. Barnard &
M. Owens 2022) uses a reduced-physics approach to simulate the
solar wind flow. It uses approximations to simplify the three-
dimensional magnetohydrodynamic (MHD) equations to one-
dimensional incompressible hydrodynamics, greatly reducing
model complexity and computation time. Despite the physical

simplifications, it provides an output comparable to more
sophisticated models (P. Riley & R. Lionello 2011) but at a
fraction of the computational cost.
HUXt takes inner boundary conditions derived from coronal

models such as the Wang–Sheeley–Arge (C. N. Arge &
V. J. Pizzo 2000), the magnetohydrodynamics-about-a-sphere
(MAS; P. Riley et al. 2001), or the Durham magnetofrictional
(A. R. Yeates et al. 2010). These coronal models are all driven
by remote observations of the photospheric magnetic field.
They make estimates of the radial solar wind velocity and the
radial magnetic field at 0.1 au, and these are used as the inner
boundary conditions, which HUXt then propagates out into the
inner solar system. For this study, the MAS coronal model is
used with magnetograms from the Helioseismic and Magnetic
Imager on board the Solar Dynamics Observatory and the
Michelson Doppler Imager on board the Solar and Heliospheric
Observatory. MAS simulates conditions throughout the corona,
and the conditions at 30 Re are extracted to be used as the
boundary conditions for HUXt (panel (a) in Figure 1). The
solar wind speed is then subsequently determined, and this
solution is known as the prior state. Data for each Carrington
rotation are available.3 Using this inner boundary input alone
gives the prior-state estimate of the solar wind at a given
location in the solar system. However, this prior state can be
improved by assimilating the in situ data at Earth and the
STEREO spacecraft. The reduced-physics approach of HUXt
allows this technique to be used at a fraction of the
computational cost of larger, more complex MHD models.
DA is a method of combining observations with model

output to produce a better estimate of reality. This has been
applied to in situ observations of the solar wind (M. Lang &
M. J. Owens 2019) and has been used to improve solar wind
forecasting in real time (H. Turner et al. 2023). In a previous
study by S. R. Watson et al. (2024), it was shown that
assimilating the in situ solar wind observations to improve
boundary conditions for HUXt significantly improves the
colocation of the comet with the HCS—the likely cause of the
subsequent tail disconnection event. The study demonstrated
the value of using DA with the HUXt model for such
comparisons. The same method is here applied to other comets
captured in the STEREO FOV to build up a statistical picture
of comet-tail interactions.
In this study, the Burger Radial Variational DA (BRaVDA)

solar wind scheme was used (M. Lang & M. J. Owens 2019).
The prior solar wind state is that provided by the MAS coronal
model (panel (a) in Figure 1). BRaVDA then assimilates the
available spacecraft data for each day the comet is in the FOV.
This was achieved by using the 27 day window centered on the
day of calculation to produce updated inner boundary
conditions, known as the “posterior.” (Available spacecraft
data consisted of STEREO-A, STEREO-B, and ACE. Note
again that STEREO-B was out of operation after 2014 and
therefore could not be used for comets that appeared after this.)
The full description of the BRaVDA methodology is found in
M. Lang & M. J. Owens (2019). These posterior conditions are
limited to the latitudes of available observations, i.e., the
ecliptic plane, and hence low heliographic latitudes. It is
therefore necessary to combine the local but accurate informa-
tion from the posterior with the global but less constrained
information provided by MAS. This is achieved using a

3 https://www.predsci.com/data/runs/
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Gaussian filter centered at the latitude of Earth with a latitudinal
spread of ±5°. This number was chosen based on a study by
H. Turner et al. (2021). It showed that the DA was more
accurate when the observations were within 5° separation of the
Earth, and the error that occurs from assuming the observations
are on the ecliptic as opposed to their real location does not
significantly impact the accuracy when the observations are
within this 5°. Once the Gaussian filter has been applied, it
produces a DA-updated MAS coronal map at 30 Re (panel (b)
in Figure 1) that is then input into HUXt as the updated
boundary conditions. This technique only updates the solar
wind speed, but the location of the HCS will also be improved
as a result due to the propagation of these updated speeds.

As mentioned previously, when comparing modeled solar
wind with comets, the comparison is expected to be most
effective during the region where the comet is close to the
ecliptic (i.e., at low heliographic latitudes). We refer to comets
within ±5° as being “within the region of influence of DA.”
Estimates of the solar wind outside this latitude region are not
necessarily unreliable, it is just that the DA has less of an effect
on the solar wind estimates; therefore, the output is more
representative of the model without DA (the prior state).
During this study, both comets within this region of ±5° of
Earth and comets outside this region were investigated.

3.3. Disconnection Event Selection

The comet observations used in this study were selected
from the monthly movies generated and made available by the
HI instrument team.4 This included data from the STEREO-A
and STEREO-B HI-1 and HI-2 cameras over the time period
from 2006 December to 2023 December (contact was lost with
STEREO-B in 2014). In the movies in which there was a comet
visible, not all contained a disconnection event. In addition,
some movies contained a comet but the resolution of the
instrument was not sufficient to be used for our analysis, and so
they were eliminated from the study. See examples of these
types of comets in Figure 2. The left image is an example of
when the comet tail became insufficiently visible over time;
therefore, some of the period it is in the FOV is used for
analysis. The right image is an example of a comet that was
eliminated from the study from the outset as the tail is hard to
distinguish due to the presence of a CME, which is also in the
image. There were also comets that did not appear to have a
visible tail during their time in the STEREO FOV due to
appearing too faint in the images. Finally, some comets were
eliminated due to the length of time they were in the FOV
being too short for the type of analysis carried out in this study

Figure 1. Visualization of the methodology. Panel (a) shows the Carrington longitude–heliolatitude map of the solar wind speed at 30 Re from MAS. Panel (b) shows
the updated Carrington longitude–heliolatitude map of the solar wind speed at 30 Re from MAS after DA has been applied using a Gaussian filter, centered at the
latitude of Earth with a latitudinal spread of ±5°. Panel (c) shows the subsequent time series at Earth, using these MAS solutions as inputs for HUXt. (Note that if the
solar wind structure is time stationary, this is a mirror image of the Carrington map. As well as this, there is a phase shift between the maps and the time series due to
the solar wind taking a few days to reach Earth.) The yellow line shows the MAS/HUXt model run (no data assimilation), and the red line shows the MAS/
BRaVDA/HUXt model run (data assimilation). The observational data obtained from OMNI are shown in blue over the same time period.

4 https://www.stereo.rl.ac.uk/cgi-bin/movies.pl
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(less than 1 day). Following a detailed study of the HI data,
over 30 comets were identified, but many were insufficient to
analyze due to the criteria listed previously. Therefore, only 11
comets were selected for analysis, which resulted in 13 separate
appearances (comet 2P/Encke appeared three times over the
17 yr of data). Of these 11 comets, 24 disconnection events
were observed; see Table 1. For the purpose of this study, a
disconnection event was regarded as a disruption in the tail that
resulted in a section of the tail becoming detached and
observed to be carried away from the cometary nucleus, as
observed from STEREO; see the example in Figure 3. For
consistency, the start of an observed disconnection event was
the point at which the disruption first becomes visible. Three of
the comets did not undergo any disconnection event during

their period of time in STEREO, but these were still included in
the analysis as a way to validate any findings.

4. Results

In total, 24 disconnection events were observed. Some
comets experienced more disconnections than others. There did
not appear to be any obvious reason for this. There was no
apparent correlation with the phase of the solar cycle or a
correlation between the heliospheric latitude/longitude of the
disconnection and the frequency of occurrence. The three
comets that did not appear to experience a disconnection all
occurred when the Sun was in a period of solar minimum;
however, there were also other comets that did undergo a

Figure 2. Some examples of periods where a comet is within the FOV of the STEREO HI camera but the tail is not sufficiently visible to determine if a disconnection
event has occurred. The left image is of a comet (indicated by the red circle) where the tail is barely visible due to the viewing angle and therefore any disconnection
event cannot be determined. This particular comet did have a period prior to this where the tail was sufficiently visible, so the comet was included in the study, but the
period where the tail was unresolvable is represented by the yellow shaded regions on the plots in the analysis. The right image is of a comet whose tail is unresolvable
due to the presence of a CME blocking the view. This is an example of a comet that was removed from the analysis.

Table 1
The Comets Used in This Study, Along with the STEREO Camera that Was Used for the Observations

Comet Name STEREO Camera Dates Visible Disconnection Events Distance from Sun of Disconnection
(yyyy-mm-dd) (au)

96P HI-1A 2007-04-01 to 2007-04-07 None L
2P (Encke) HI-1A and HI-2A 2007-04-10 to 2007-04-29 2 0.34, 0.38
C/2007 F1 HI-1A and HI-2A 2007-10-27 to 2007-11-14 3 0.40, 0.42, 0.44
C/2011 W3 HI-1A and HI-2A 2011-12-12 to 2011-12-31 1 0.19
C/2011 L4 HI-1B and HI-2B 2013-03-10 to 2013-03-16 3 0.31, 0.32, 0.34
2P (Encke) HI-1A and HI-2A 2013-11-14 to 2013-11-30 3 0.35, 0.34, 0.38
C/2012 S1 HI-1A and HI-2A 2013-11-21 to 2013-11-27 2 0.39, 0.30
C/2014 E2 HI-2A 2014-07-01 to 2014-07-23 2 0.66, 0.70
2P (Encke) HI-1A 2017-03-01 to 2017-03-17 None L
C/2019 Y4 HI-1A 2020-05-26 to 2020-06-06 None L
C/2020 S3 HI-1A 2020-11-15 to 2020-12-07 2 0.53, 0.48
C/2021 A1 HI-2A 2021-12-07 to 2021-12-23 4 0.75, 0.73, 0.71, 0.67
C/2023 P1 HI-1A 2023-09-18 to 2023-10-03 2 0.30, 0.37

Note. Comet Encke appeared more than once during the time span of the data used, so it appears multiple times in the table. It shows the dates the comet was visible in
the HI cameras. Note that sometimes the comet can be in the FOV but the tail is not visible enough to determine whether a disconnection event occurs; therefore, the
analysis does not always cover the entire period when the comet is in the FOV. The fourth column shows the number of disconnection events observed for each comet,
and the final column is the heliocentric distance at which they occurred.
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disconnection during solar minimum. The latitudinal extent of
the HCS does vary with the solar cycle. At solar minimum, the
HCS is located close (∼±10°) to the solar equator, but at solar
maximum, it can extend to higher solar latitudes (reaching up
to ±90°; e.g., Figure 5 in M. J. Owens 2020). This could
suggest that during solar maximum, comets will experience
HCS crossings at higher latitudes as well as in the ecliptic,
potentially increasing the number of crossings altogether.
However, a statistical study of the Wind spacecraft data found
that there is no significant correlation between the number of
times the spacecraft crossed the HCS and the time in the solar
cycle (K. Liou & C.-C. Wu 2021).

4.1. HCS Crossings: Disconnection Events

The simulated magnetic field polarity of the solar wind at each
comet was plotted for the time period the comet was visible in
STEREO; see Figure 4. HCS crossings occur where the magnetic
field polarity changes sign. There is variability in the number of
times a comet crosses the current sheet, with some comets (for
example, comet C/2020 S3) not experiencing a current sheet
crossing at all during the time it is in the STEREO FOV. The
period where the DA is most reliable (±5° latitudinal separation
between the comet and Earth) is highlighted in gray for each
comet. Some comets do not come close enough to this latitudinal
band to be within the region of influence of the DA; therefore, the
DA does not alter the model output. This was due to the
inclination of the orbit of the individual comets, with some having
more inclined orbits than others and therefore spending less time
near the ecliptic. As mentioned previously, solar wind values that
have not been adjusted through DA do not necessarily result in the
analysis being unreliable, but DA does not contribute to the model
outside of this region. Each observed disconnection event is
represented by the vertical dashed black line. The view of some
comets was obstructed for a period of time (for example, where
the tail was not easily detected in front of the background stars),
and there were time periods where no images were returned from
the STEREO spacecraft. These are represented by the yellow
shaded areas in the plots. Such time periods have been ignored. In
total, 10 of the current sheet crossings take place within the region
of influence of the DA (the gray shaded area). Of these, there are
two for which there are no or unreliable data (the yellow shaded
area) and are therefore discounted from the study. For all instances
where the HUXt solar wind model shows the comet crossing the

HCS within the gray shaded region, a disconnection event follows
within 48 hr. There is a variety in the length of time after the
crossing until the onset of the disconnection; this is explored in
Section 5.4.
To test the converse case, that there were no HCS crossings

for those comets that did not undergo a disconnection event,
and the comets that experienced no disconnection event during
their time in the STEREO FOV were also investigated. The
results are show in Figure 5. There were only three comets that
did not undergo tail disconnection while in the FOV of the HI
cameras: 96P, Encke/2P (2017), and C/2019 Y4. All three of
these comets are observed during the region of influence of
DA, shown by the gray shaded area. There was a period where
the STEREO spacecraft had no data during the time comet 96P
was in the FOV, and this is represented by the yellow shaded
area, but there were no simulated HCS crossings in this region.
In summary, there were a total of 24 disconnection events

observed and 25 current sheet crossings. Of the 25 current sheet
crossings, 10 occurred within the region where the modeled
solar wind was augmented by DA, and 15 occurred outside this
region. Six crossings (two in the region of influence of DA,
four outside the region of influence) were discounted as they
occurred when there were no reliable data (yellow shaded area
in the figures). This left eight crossings that occurred at a
latitude within the range of influence of DA and 11 that
occurred where DA did not contribute to the modeled solar
wind values. In Section 5, these are treated as separate
categories for analysis. Finally, there were three comets that did
not experience a disconnection event during their time in the
STEREO FOV.

4.2. The Disconnection Onset Time Delay as a Function of
Solar Wind Speed

A previous study by M. B. Niedner & J. C. Brandt (1979)
suggested that there should be a time delay between the magnetic
field reversal (current sheet crossing) and the tail disconnection.
The study suggested this to be approximately 18 hr, but this was
based on one event (M. B. Niedner & J. C. Brandt 1979). This
delay was also apparent in the results from this study; therefore,
this was investigated further. All events are shown in one figure
(see Figure 6), with the events that occur within the region of
influence of DA shown in red and the events outside this region
shown in black. Their respective regressions are shown

Figure 3. An example of a “disconnection event” that was used in this study. This is a series of three images from the STEREO HI-2 camera. The comet nucleus is
circled in red for each image, and the kink and disconnected tail that represent the disconnection event are also labeled. In the left image, you can see the tail of the
comet intact. The middle image shows the comet in the process of a tail disconnection, with a clear kink formed in the tail. The final image shows the end of the tail no
longer attached to the main tail.
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individually (red and black dashed lines), and the overall
regression of all events is shown in blue. It should also be noted
that for comet C/2011 L4, the first disconnection event is
assumed to be a result of the crossing of the previous current sheet
and not the one that occurs at the same time; this is due to a
disconnection not being an instantaneous event, as the field lines
take time to merge and begin the reconnection process
(M. B. Niedner & J. C. Brandt 1979). Of the eight valid HCS
crossings that occurred in the DA period, all were followed by a
disconnection event. Of the 11 valid current sheet crossings that
occurred outside of the region of influence of DA, six were
followed by a disconnection event. The radial speed of the comet
was calculated using the ephemeris data and subtracted from the
radial solar wind speed (provided by HUXt), giving the relative
radial solar wind velocity at the comet, Vrel. Note that the solar
wind velocity can also be updated using DA; therefore, the
disconnections that occur within ±5° have a solar wind velocity
that has been informed by in situ observations at near-Earth orbit.
The time of the onset of the disconnection was determined using
the STEREO imagery. The difference between this time and the
time of the HCS crossing simulated by HUXt was then calculated
and is given by Δt. The uncertainties in these methods have been
taken into account and are shown in Figure 6. The uncertainties
result from the cadence of the HI images (40minutes for HI-1 and
120minutes for HI-2). Additionally, there is an uncertainty
associated with the solar wind velocity at the HCS boundary
simulated by the HUXt model. The solar wind velocity was taken
as an average velocity over the time taken for the magnetic field to
change polarity.

5. Discussion

This statistical study has led to three main findings that are
discussed in this section but can be summarized as follows.

1. For every HCS crossing predicted by HUXt when the
comet is in the region of influence of DA, a comet-tail
disconnection follows.

2. For HCS crossings that occur in regions insensitive to the
effects of DA, 6 out of 11 (54.5%) are followed by a
comet-tail disconnection.

3. Both the events for which DA can and cannot be applied
show a broadly consistent correlation between the flow of
the slow wind speed in the comet reference frame at the
HCS crossing and the time delay to the onset of a
disconnection.

It should be noted that this study is not suggesting that every
comet-tail disconnection event is caused by crossing the HCS,
only that for every crossing that the HUXt model identifies
(within the region of influence of DA), a disconnection event
follows. We are aware of other solar wind features that cause
disconnection events, but HCS-related disconnection events are
the focus of this study.

5.1. HCS Crossings when Using the HUXt Model Informed
by DA

When we isolated the HCS crossings that occurred within
±5° latitudinal separation from Earth, it was found that 100%
of these crossings were followed by a disconnection event. We
interpret this as evidence that DA-constrained HUXt simula-
tions have some skill at predicting the interaction of the HCS
with a comet, and that disconnection events are very likely to
result from this interaction. From previous studies, mentioned
in Section 1, it has been suggested that comet-tail disconnec-
tions should always occur when a comet encounters the HCS.
This study supports the theory that disconnection events do
occur whenever a comet encounters the HCS for instances
where DA can enhance the HUXt solar wind model. This
suggests that previous studies indicating that this relationship is

Figure 4. The nine comets (two are the same comet on its return) that were captured undergoing a disconnection event in the STEREO HI cameras. Each plot shows the
simulated magnetic field polarity of the solar wind at the comet during its time in the STEREO FOV. The x-axis is labeled as the number of days since the comet entered the
FOV, which is also stated in brackets for each comet. The vertical black dashed lines show the time of the disconnection event in the tail. The gray shaded area is the time
period where the DA is expected to have the greatest influence on the modeled solar wind. Four of the plots have yellow shaded regions. This indicates a time period where
the data from the STEREO camera were not available or a period where it is hard to determine if a disconnection took place, for example, if the tail cannot be seen.
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not universal may have more to do with innaccuracies in the
calculation of the position of the HCS in the solar wind model
than the physical mechanism leading to comet-tail disconnec-
tion. Furthermore, our result reinforces the conclusion that the
use of DA in models such as HUXt is important for
reproducing accurate solar wind conditions.

5.2. HCS Crossings when Using the HUXt Model Not Informed
by DA

Comet orbits can be highly inclined to the ecliptic, meaning
they cover a larger range of solar latitudes than Earth during
their orbits. The technique of DA generates updated inner
boundary conditions that then drive the HUXt model. It uses
data from spacecraft (such as ACE and STEREO) that orbit
close to the plane of Earth’s orbit and also assumes that
everything is in the ecliptic plane. As a result, the HUXt model
outputs become less influenced by DA the further away from
the latitude of Earth they are. In our study, there are a total of
15 HCS crossings that occur outside the region where DA
influences the model. Of these, 11 crossings could be analyzed
in detail, of which 54.5% resulted in a tail disconnection. As an
example, the second disconnection event experienced by comet
Encke/2P (2007) occurred more than 70 hr after the HCS
crossing predicted by the model, which, taken in isolation,
would indicate that this was probably not the cause. Based on
the conclusions from Section 5.1, it is suggested that HUXt
simulations of the HCS correlate one-to-one with tail
disconnection events; however, it should be considered that
this is based on a small sample size of events and should be
investigated further when more data are available. This one-to-
one correlation does not occur where DA does not influence the
HUXt solar wind estimates. Since there is evidence that DA
improves the model, we conclude that the reduced correlation
observed where DA does not influence the model could
indicate model inaccuracies in the positioning of the current
sheet beyond the ecliptic plane. This could be due to the
coronal model/boundary condition inputs or the accuracy of
the HUXt model itself. It should be noted that HUXt is a 1D
radial model and therefore there is no latitudinal evolution in
the model. Any latitudinal structure shown is obtained from the
boundary conditions and therefore as a result of the coronal
model. This study highlights the need for improvements in
modeling solar wind at higher latitudes as well as the

importance of DA in solar wind models. It should be noted
that we are not ruling out another cause of the reduction of
disconnections following HCS crossings at high solar latitudes,
although inaccuracies in the modeled latitudinal extent of the
HCS could explain the discrepancy. This further supports the
need to improve our understanding of the structure of the HCS
outside of the ecliptic plane.

5.3. Comets with No Disconnection Events

Next, the comets where no disconnection event was
observed were investigated. HUXt modeled no HCS crossings
in gray shaded regions, and no disconnections followed. These
results further support the reliability of HUXt when DA can be
implemented and the one-to-one correlation of current sheet
crossings and tail disconnections. Based on the HUXt model
simulations of the HCS position, it is shown that comets
Encke/2P (2017) and C/2019 Y4 appear to cross the HCS
during the time they are visible in STEREO, but these occur
outside the region where the model was influenced by DA.
Based on the results from Section 5.2, we can assume that only
54.5% of comets undergo a tail disconnection when HUXt
predicts an HCS crossing in this region where DA can be
applied and that these two comets fell into the remaining
45.5%, where the HCS has not been modeled using DA. Comet
96P is shown crossing the HCS during the optimum DA region,
but no disconnection was observed. However, the STEREO HI
cameras recorded no data for a period following the apparent
crossing, so while a disconnection could have occurred during
this period, it was not possible to observe it. This is
investigated further in Section 5.5.

5.4. Velocity of Solar Wind against the Delay of the
Disconnection

For each disconnection observed in STEREO, there appeared
to be a time delay between the comet crossing the current sheet
and the disconnection onset. The evidence of a time delay has
been stated before by M. B. Niedner & J. C. Brandt (1979). In our
analysis, the time delay was calculated as the time at which HUXt
modeled the comet crossing the current sheet to the time when the
tail was first seen to undergo a disconnection. The disconnection
events are shown in two categories, those that resulted from a
current sheet crossing that occurred when the model was informed
by DA (red) and those that occurred outside this region (black).

Figure 5. The three comets that were captured in the STEREO HI cameras but did not undergo a visible disconnection. Each plot shows the magnetic field polarity of
the solar wind at the comet during its time in the STEREO FOV. The x-axis is labeled as the number of days since the comet entered the FOV, which is also stated in
brackets for each comet. The gray shaded area is the time period where the DA of the model is most effective. The yellow shaded area indicates a time period where
there is a data gap in the STEREO data or where it is hard to determine if a disconnection took place.
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This was to identify if there was a difference in trends between the
two subsets that may result from differences in the accuracy of
HUXt rather than the physical properties of the disconnection.
Both show an increasing linear trend, with the larger solar wind
speeds associated with a more rapid onset of disconnections. This
follows the theory proposed by M. B. Niedner & J. C. Brandt
(1979). They stated that the reconnection process of a comet when
it enters a change in magnetic field polarity of the solar wind will
first reconnect at the head of the comet, subsequently propagating
down the tail, with the “uprooting” of the tail being the final stage
in the reconnection process. Assuming a similar initial mass
function for all events (as the comets are imaged at a similar radial
distance), the rate at which the field lines travel over the comet
and reconnect must be related to the relative solar wind speed at
the comet. The larger this speed, the greater the flux of the
magnetic field being draped over the comet nucleus, leading to a
quicker reconnection process. This would result in the detachment
of the tail occurring sooner after the crossing of the current sheet.

This trend between the velocity and time delay has
highlighted an important factor that should be considered if
using comet-tail disconnections as in situ data points for space
weather purposes. The noninstantaneous nature of a solar wind
feature causing a disconnection event needs to be accounted for
when using them to improve the positioning of certain features
in solar wind models. This trend can also prove useful when
identifying the solar wind speed at the comet and could provide
a new technique of determining the local solar wind speed.

5.5. Investigating the 96P Anomaly

In Section 5.3, it was mentioned that comet 96P was the only
comet in the study that experienced a current sheet crossing during
the DA period but where no disconnection was observed. There

was a period in which this comet was in the FOV of STEREO,
but there were no data (the HI camera did not take images).
Therefore, it would be of interest to test the relationship found in
Figure 6. As this crossing occurred in the region of influence of
DA, it makes sense to use the relationship represented by the red
dashed line in Figure 6. This is as follows:

( ) ( )y x2 0.77 403 16 ,=  + 

where x is the time delay in hours and y is the solar wind speed
in km s−1 at the time of the crossing. HUXt calculated the solar
wind speed at the crossing to be approximately 317 km s−1.
From this, it would be expected that the time delay would be

43 40
18- -

+ hr. Therefore, the onset of the disconnection would be
on 2007 April 5 18:51 and, including errors, could fall in range
of 2007 April 5 01:13 to 2007 April 7 10:50. The STEREO
spacecraft HI camera took its last image on 2007 April 5 at
18:50 and did not take another image until 2007 April 6 16:50.
Therefore, it cannot be ruled out that a disconnection did take
place but that it occurred when there were no data.

6. Conclusions

Presented here is a statistical analysis of the comet-tail
disconnection events observed in STEREO HI images over a
period of 17 yr of STEREO spacecraft operations. It was
concluded that where DA influenced the output of the HUXt
solar wind model, every HCS crossing was followed by a tail
disconnection. Although this could be considered a small
sample size, it does provide evidence of the accuracy of using
DA with the HUXt model within the ecliptic. This one-to-one
correlation of the model simulating an HCS crossing and a
comet-tail disconnection could lead to the use of comets in
refining the position of the HCS. This would be particularly

Figure 6. The comets that experienced a disconnection after a current sheet crossing are plotted. For each event, the delay time between crossing the current sheet and
the onset of the disconnection was calculated, and this was plotted against the radial solar wind speed at the time of the crossing. The comets that HUXt simulated
crossing a current sheet when DA could be used are shown in red. The corresponding regression line (red dashed line) is given by the equation Vrel

(km s−1) = (2.00 ± 0.77) Δt (hr) + (403 ± 16) (km s−1). The comets that HUXt simulated crossing a current sheet when DA could not be used are shown in black.
The corresponding regression line (black dashed line) is given by the equation Vrel (km s−1) = (1.5 ± 0.24)Δt (hr) + (365 ± 9) (km s−1). The blue dashed line is the
regression line of all events together, irrespective of if DA could be applied or not, and is given by the equation Vrel (km s−1) = (2.23 ± 0.35)Δt (hr) +
(400 ± 10) (km s−1).
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useful if the comet were in an L5 position as it could aid in
improving the modeling of space weather heading toward
Earth. When a comet crossed the HCS in regions where the
model was not influenced by DA (±5° latitudinal separation
from Earth), only 54.5% of the crossings were followed by a
disconnection. Based on the results from the crossings that
occur when the model was informed by DA as well as the
theory of comet-tail disconnections, it was concluded that this
difference was most likely down to reduced model performance
at latitudes where there is more than ±5° latitudinal separation
between the comet and Earth. We further conclude that
improvements are needed in the modeling of the solar wind,
particularly the position of the HCS, at latitudes outside the
ecliptic. This study has also reiterated the importance of using
DA in solar wind models to improve the correlation between
the models and the observations.

By using observations from multiple comet-tail disconnection
events, this study has also revealed a trend between the solar wind
velocity and the time taken for the onset of a comet-tail
disconnection after crossing the HCS. This trend not only
supports the theory that the disconnection is not instantaneous, it
also highlights the possibility of using this delay to determine the
solar wind velocity at points in space beyond the reach of current
spacecraft observations. The Polarimeter to UNify the Corona
and Heliosphere mission is set to launch in the near future
(C. DeForest et al. 2022). This mission will provide higher spatial
resolution and higher-cadence HI images than STEREO. This will
provide an opportunity to reduce the timing uncertainty on the
comet-tail interaction, resulting in better constraints on the
performance of DA within and outside the ecliptic.

This study has provided a novel statistical analysis of comet-tail
disconnection events using the STEREO data and will have
applications to those studying the physics of comet/solar wind
interactions. Singular case studies of individual disconnection
events are useful but can be contextual, and they do not emphasize
any important commonalities between events and therefore do not
represent the more general properties of the solar wind and comet-
tail interactions. In addition, this study has application to the work
of those studying the solar wind as it has highlighted potential
differences between solar winds modeled within and outside the
ecliptic plane. It also provides further evidence that using DA
provides a means of improving solar wind models. Comets can be
used to improve the modeling of the solar wind at more extreme
latitudes and ultimately improve solar wind modeling for
applications such as space weather forecasting.
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