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Key Points:

¢ We examine the motion of partially erupted prominence material and coronal mass
ejection (CME) relative to eruptive source location

« We find a correlation between the offsets in latitude from the source location

 Partially erupted prominence material can be a predictor of CME direction rel-
ative to source region and highlight evolving magnetic topology
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Abstract

Coronal mass ejections (CMEs) are energetic releases of large-scale magnetic structures
from the Sun. CMEs can have impacts on spacecraft and at Earth. This trajectory is
typically assumed to be radial, but often the CME moves outward with some spatial off-
set from the source region where the eruption initially occurred. A CME is frequently
accompanied by a prominence eruption, a movement of cool, dense material up into the
corona that can be ejected or fall back down. We investigate eruptions in which some
portion of the prominence material falls back to the Sun along field lines which have re-
configured in the eruption, rather than draining back to the source or escaping with the
CME. Using a method called persistence mapping, 304 A images from the Solar Dynam-
ics Observatory (SDO), and coronagraph images from the Solar and Heliospheric Ob-
servatory (SOHO), we measure and compare the offsets in latitude of 20 CMEs and their
respective prominences with respect to the source region. The 20 events were chosen to
sample over the first 10 years of the SDO mission. We find that the offsets are correlated.
We find no difference between eruptions offset towards the equator or the poles, suggest-
ing that the offset is a result of local changes in the eruptive field, rather than of the Sun’s
global magnetic field structure. These findings help us contextualize individual eruptions
and highlight changes in the local magnetic field associated with the prominence erup-
tion.

Plain Language Summary

Solar eruptions can have impacts on spacecraft and at Earth. We investigate two com-
ponents of solar eruptions: the coronal mass ejection (CME), which is an energetic re-
lease of large-scale magnetic structure from the Sun, and partially erupted prominence
material (PEPM) that falls back to the Sun along changing magnetic field lines during
the eruption. For multiple eruptions, we measure and compare the offset in latitude of
both the CME and PEPM from the source region where the eruption originated. We find
that the two offsets are correlated, indicating that the changing magnetic field topology
impacts both of these components. These findings can help us contextualize individual
eruptions and highlight the changing local magnetic field.

1 Introduction

A solar eruption occurs when there is an energetic release of a large-scale magnetic
structure from the Sun. Eruptions are often characterized by a flare, which is an emis-
sion of light ranging in frequency from radio to gamma rays, a prominence, which is a
movement of cool, dense material up into the corona that can either be ejected from the
Sun or fall back down, and/or a coronal mass ejection (CME), which is observed as a
large volume of material that successfully escapes from the Sun.

Space weather forecasters use the eruption source location on the Sun to inform
an initial guess for the CME trajectory, especially in cases in which the CME shows up
faint in coronagraph imagery and is difficult to measure using typical tools. Given the
significant impacts that CMEs can have at Earth, accurate forecasting, especially early,
is very important. In many cases, the eruption does not simply move radially from the
observed source region where the prominence material first emerged; very often there is
some offset of the CME trajectory from the source. Therefore, source coordinates alone
are not an accurate prediction of CME trajectory.

Approximately 72% (Gopalswamy et al., 2003) of prominence eruptions are asso-
ciated with CMEs. Because prominences are dense material embedded in a CME’s mag-
netic field, they are often transported away from the Sun during an eruption. Their con-
nection to CME topology and kinematics provides important information about the erup-
tive process (Gilbert et al., 2000).
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However, in a typical eruption, at least a portion of the prominence material is ob-
served to “drain” back down to the eruption’s source region (van Ballegooijen & Martens,
1989; Schmieder et al., 2013). Additionally, in some cases a significant portion of the ma-
terial is observed to fall back to the Sun, landing in a location significantly displaced from
the eruption’s source. This phenomenon has been called by some “partial” or “failed”
eruptions, in that the material that was initially rising fails to escape the Sun and en-
ter the solar wind (Ji et al., 2003; Tripathi et al., 2013; Filippov, 2020; Mason et al., 2021).
The material that falls back follows magnetic field lines, which have changed during the
course of the eruption. The location of the partially erupted prominence material (PEPM)
outside of the source region reveals clues about the changing magnetic field structure of
a solar eruption and provide diagnostics about the larger-scale topology of the associ-
ated CME (Susino et al., 2014; Uritsky et al., 2022).

Uritsky et al. (2022) demonstrated how falling prominence material can be used
as a diagnostic of the magnetic forces on the plasma during and after an eruption. They
tracked the motion of the material from the source site, and measured the trajectories
of the individual blobs. The eruption they used in this analysis is one of the events in
our study (2011-06-07). They determined that the falling material can serve as an in-
dicator of changing coronal magnetic forces during a coronal mass ejection. The initial
acceleration of material was confined to the flaring source region. However, as the CME
expanded and rose, most of the material was accelerated away from the source and landed
at locations distant from the erupting site. Several authors (van Driel-Gesztelyi et al.,
2014; Petralia et al., 2016; Dudik et al., 2019) used the modeled magnetic field and plasma
motion to infer changes in the magnetic connectivity of the coronal field due to recon-
nection from the eruption. They demonstrated how the moving material, and the regions
of the corona that it now can access, can form a more complete picture of the extent of
the magnetic fields that evolve during the CME.

The analysis presented in this paper extends those results by addressing the ques-
tion of how one aspect of the evolving topology at the base of a CME, in the form of falling
material away from the source site, compares to the overall CME’s structure and tra-
jectory. In particular, we ask whether material’s behavior at the bottom can be used as
an indicator of the CME’s extent as observed in coronagraph data.

To attempt to answer these questions, we compare how the latitude of an eruption’s
PEPM and CME compare and change over the course of an eruption and investigate the
changing magnetic field conditions associated with these eruptions. In § 2, we describe
how we selected a set of eruptions for this study, the data we used, and the process by
which we made our measurements. In § 3, we present our findings on the correlation be-
tween the motion of the PEPM and CME, as well as how the CME evolves over time.

In § 4, we discuss the implications of these findings and what they reveal about the erup-
tive magnetic field. In § 5, we summarize the results and implications.

2 Methods

In this section we describe how we found and selected solar eruptions for this study,
as well as the data we used for our measurements (§ 2.1). We then describe how we made
measurements of each eruption’s latitude in source (§ 2.2), PEPM (§ 2.3), and CME (§ 2.4).

2.1 Selection of prominence eruptions and data

In our initial search for eruptions, we looked through the Space Weather Database
Of Notifications, Knowledge, Information (DONKI; Wold et al., 2018) from the Com-
munity Coordinated Modeling Center (CCMC). This database contains a record of all
observations of CMEs made by space weather forecasters since 2010, as well as measure-
ments of each CME’s latitude, longitude, width, and speed for fast (> 500 km/s) CMEs
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in the plane of the ecliptic. Because these measurements were made limited to data avail-
able at the time of the forecast, often inferred from only a few data points, and for dif-
ferent CMEs were made by different forecasters with varying levels of experience, we made
our own measurements for each CME; we used DONKI only to find events to measure.
We selected only eruptions that occurred since the Solar Dynamics Observatory (SDO;
Pesnell, Thompson, & Chamberlin, 2012) began regular observations in May 2010 and
that had full coverage in both of the instruments we use: the Atmospheric Imaging As-
sembly (AIA; Lemen et al., 2012) onboard SDO and the Large Angle and Spectromet-

ric Coronagraph (LASCO; Brueckner et al., 1995) onboard the Solar and Heliospheric
Observatory (SOHO; Domingo, Fleck, & Poland, 1995). To ensure that we would be able
to easily observe and accurately measure the eruption in a plane-of-sky image, we nar-
rowed our search to eruptions in which the CME was measured in DONKI to be only
+10° from the limb, +90° of longitude. We considered CMEs where in DONKI the de-
scription mentioned a prominence or filament in the source description and selected events
that had clearly visible PEPM. Specifically, we looked at AIA images in 304 A to deter-
mine for which events the falling material is offset from the source of the eruption, in-
dicating that the magnetic field topology clearly changes, rather than those in which the
material drains back along the same field lines that were present prior to the eruption.
The sample is somewhat arbitrary in that it was a function of the DONKI observer’s notes
and was also dependent on the clear appearance of the PEPM in the summary movies,
which were much lower cadence than that data used to analyze the PEPM. Therefore,

the DONKI database and summary data were systematically searched, but our sample
does not contain all of the events that would be found in a high-cadence examination

of all ATA images. Table 2 lists all events used in this study.

For each eruption chosen, we noted whether it was from an active region. These
regions have more complex magnetic field topology, are bright in EUV wavelengths, and
are designated as active regions and numbered by NOAA. We selected 20 eruptions in
total, 14 of which erupted from active regions and 6 of which came from “quiet Sun” re-
gions, where the magnetic field is weaker. The prominence eruptions varied in duration,
lasting between 1.5 and 6.5 hours.

For each event, we downloaded SDO ATA data from the Joint Science Operations
Center (JSOC) database for the full time range in 304A, a He II emission line at around
50,000 K, as well as in 193A, emission lines of Fe XII and Fe XXIV at around 1 million
K and 20 million K, respectively. The cadence was selected such that there were a sim-
ilar number of frames used for each eruption. There were typically ~ 300 frames per
event.

2.2 Source measurement

To measure the northern and southern bounds of the source region, we used the
Map object from the python package SunPy (SunPy Community et al., 2020) to load one
frame during the eruption from the data we downloaded in 304A. We looked at a movie
of the full eruption to determine which frame best shows the beginning of the eruption,
when there was a sudden noticeable change from the ambient conditions, which we used
to pinpoint the source region. We then plotted this frame interactively using the canvas.mpl_connect
function from the matplotlib package, which we set up such that when we clicked some-
where on the image, the pixel position of the click is recorded. This position was then
converted from a pixel coordinate to a heliographic longitude and latitude using SunPy’s
pixel_to_world function and printed as an output, which we recorded. We defined the
uncertainty in the source measurement as approximately 10 pixels at equatorial locations.
This means that in degrees, the latitude-dependent uncertainty of each measurement is
0.358°/ cos 8, where 6 is the latitude measured. All our uncertainties in raw measure-
ment came out to be < 1°. Using this method, we determined the latitude of the north-
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ern and southern bounds of the source region at the level of the chromosphere for each
eruption.

2.3 Prominence measurement

Persistence Mapping, first described by Thompson and Young (2016), is a technique
for capturing the evolution of a feature over the course of time and representing it in a
single diagram. It has been used to study the motion of EUV jets (McCauley et al., 2017),
coronal dimmings (Dissauer et al., 2018), EUV waves (Ireland et al., 2019), and promi-
nence eruptions (Zheng et al., 2020). In this work, we used it to investigate the evolu-
tion of prominence eruptions, specifically of PEPM that falls back to the Sun.

The persistence mapping algorithm iterates through EUV images of the eruption
in ATA 304 A. When a pixel reaches a maximum value, it retains that value, so extreme
values persist into subsequent image frames until those values are exceeded. The bright-
ness of the pixel indicates the degree of change. Darker pixels did not exhibit much change,
while bright pixels exhibited a great deal of change. This helps us to distinguish noise
and ambient variations from major changes associated with the prominence evolution.

Here, we also use a variation on persistence mapping to add time data to the im-
age, described by Mays et al. (2015) as the “Time Convolution Mapping Method” (TCMM).
In this variation, when a pixel reaches a maximum value, it retains that value and is col-
ored by the time when it reached that maximum. The brightness of the pixel is convolved
with the color code, so that bright regions have a bright hue and faint regions in the per-
sistence map remain faint in the TCMM map. The product reflects four values: two di-
mensions for space, color code for time, and brightness for intensity.

Persistence maps allow us to easily see and measure the extent of the PEPM and
allow us to better trace PEPM and therefore the changing magnetic field. A compar-
ison of original images, persistence maps, and time convolution maps for a prominence
eruption on 2012-04-22 are shown in Figure 1. Three examples of the result of time con-
volution mapping are shown in Figure 2.

For each eruption, after creating a persistence map, we opened it as a SunPy map
like we did for the source measurement and used the same interactive plotting function
to determine the northern and southern bounds of the PEPM footprints in heliographic
latitude. We used a frame at the end of the prominence eruption, so that the full range
of prominence motion is included in the persistence map. We determined the PEPM mea-
surement uncertainty in the same way as we did for the source measurement.

2.4 CME measurement

To make measurements of the northern and southern bounds of the CME, we used
StereoCAT, a tool for measuring CMEs using coronagraph data from the SOHO and So-
lar Terrestrial Relations Observatory (STEREOQ) spacecraft. For this work, we only used
the data from SOHO, as it is located at the Sun-Earth L1 Lagrange point and takes im-
ages of the Sun from Earth’s field of view. Because we have selected only eruptions that
occur on or close to the solar limb, plane of sky measurements from this one telescope
are sufficient to measure the latitude of the CME. We do not extend this study to lon-
gitude because three-dimensional measurements of CMEs require geometric assumptions
and well-positioned measurements from multiple spacecraft. The error associated with
longitude determination of both the CME and prominence makes the study less reliable
in three dimensions.

We measured the northern and southern bounds of the CME latitude as projected
onto the Sun in LASCO’s C2 and C3 fields, which extend to 6 Rg and 30 Rg, respec-
tively, so that we measure the CME at two different times in its progression. All three



Figure 1. Prominence eruption on 2012-04-22 as seen in SDO AIA 304 A. Original images
(left), persistence map (center), and Time Convolution Map, which is a persistence map colored
by time at which each pixel reaches its greatest intensity (right). By the end of the prominence
eruption in the last image frame, there is no clear sign of the prominence in the original image.
However, the persistence maps retain the time history of the prominence eruption. The full
eruption lasts 2 hours 11 minutes, with 44 minutes between each frame shown. Dark purple des-
ignates the beginning of the eruption at 13:34, lighter purple designates 14:17, green shows 15:01,
and yellow signifies the end of the eruption at 15:45.
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22 as seen in SDO AIA 304 A. The colorbar at right denotes time, beginning with dark purple
and ending with bright yellow. The eruptions lasted 2 hours 11 minutes, 2 hours 7 minutes, and

1 hour 11 minutes, respectively. The arrow in each image denotes the motion of the PEPM.

authors independently measured the northern and southern bounds of the main loop struc-
ture of each CME at the same point in its progression. We use a single frame in C2 and

a single frame in C3. In C2, the measurement time was chosen such that the CME was
close to 6 Rg from solar disk center, and in C3, the measurement time was chosen such
that the CME was close to 15 Rg from the center. For the northern and southern bounds
of each CME in C2 and C3, we calculated the average and standard deviation of the three
measurements. The eruptions that took place on 2015-04-28 and 2019-04-22 were too

faint in the outer corona to measure in C3. We therefore excluded these events from Fig-
ure 5 and used the measurement taken in the C2 field for Figure 4.

3 Results

In this section we present the results of our measurements. We compare the CME’s
positional offset in latitude from the source with the PEPM’s offset from the source (§ 3.1).
We then investigate how this offset continues into the corona as the CME propagates
outward (§ 3.2).

3.1 Comparing CME and PEPM offset

We compared the offset in latitude of the CME from the source with the offset of
the PEPM from the source. By first taking the mean of the northern and southern bounds
then subtracting the latitude of the source from the latitudes of the CME and PEPM,
we determined the CME and PEPM offsets. The offset is assigned a negative sign if the
CME or PEPM is closer to the equator than the source, and it is assigned a positive sign
if it is offset towards the pole.

To better investigate how different types of eruptions proceed and how the mag-
netic field evolves over the course of the eruption, we grouped eruptions with PEPM into
three types, shown in Figure 3 as idealized representations and examples.
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Figure 3. Idealized representations (left) and examples (right) of three possible outcomes

for falling prominence eruptions. The left shows the idealized progression from source (blue) to
prominence (pink) to CME (orange). The right shows the SOHO LASCO C2 difference image,
SDO AIA 304 A full Sun image, and the persistence map from Figure 2 showing the prominence
motion, with a colorbar at far right. The example images have an arrow pointing from solar cen-
ter to the source, a second arrow showing the PEPM, and two lines denoting the CME plane of
sky width. The three types of eruptions examined are (a) CME offset in the same direction as
the PEPM but to a lesser extent, (b) progression in offset from PEPM to CME, and (c) PEPM
and CME offset in different directions.
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Type (a) are eruptions where the CME is offset in the same direction as the PEPM
but its offset is less than that of the PEPM. The example shown is from 2012-04-22, where
the PEPM is offset to the South and the CME is also offset to the South.

Type (b) are eruptions where the CME is offset in the same direction as the PEPM,
and its offset is greater than that of the PEPM, so that there is a progression from source
to PEPM to CME. The example shown is from 2011-02-24, where the PEPM is offset
to the South and the CME is offset even further South.

Type (c) are eruptions where the PEPM and CME are offset in different directions.
The example shown is from 2019-04-22, where the PEPM falls predominantly to the North,
but the CME is offset South of the source.
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Figure 4. Comparison of CME (measured in SOHO LASCO C3) offset from source with
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Points representing eruptions of types (a) through (c) as defined in Figure 3 are found in their
designated areas. Area (b), shaded in gray, is especially populated. The shaded boxes show the
bounds in latitude of each prominence and associated CME. The vertical error bars signify the
standard deviation of the three measurements taken for each CME and the horizontal error bars

are based on latitude-dependent uncertanties.

For our full dataset of 20 eruptions, we compared the CME offset (as measured in
SOHO LASCO C3) from the source with the PEPM offset from the source. For the two
eruptions on 2015-04-28 and 2019-04-22 which were not visible in C3, we instead use their
measurements in C2. The results are shown in Figure 4. The number of points appear-
ing in each region defined by the categories from Figure 3 are shown in Table 1. The ma-
jority of points fall in or near the area formed between the diagonal x = y line and the
y-axis, which represents eruptions of type (b) from Figure 3 - those where the offset in-
creases from the PEPM to the CME.
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Table 1. Percent of eruptions which fall into the three categories described in Figure 3. The
majority of eruptions measured are of type (b), where the CME is offset in the same direction as,
and to a greater extent than, the PEPM.

There is no difference between eruptions offset towards the equator and those off-
set towards the pole. A similar number of eruptions fell into each of these two categories,
and eruptions of both categories followed the same trend in latitude offset.

3.2 Progression from SOHO LASCO C2 to C3

We also investigated the progression in latitude of the CME as it moves farther out-
ward in the corona. To do this, we found the offset in latitude as before, but this time
we measured the latitude of the CME at two points in its progression, at 6 Ry from disk
center in the LASCO C2 field of view and at 15 Rg in the LASCO C3 field of view. We
compared the offset in latitude from C2 to C3 with the offset in latitude from the source
to the PEPM (Figure 5). We found a positive correlation between the two offsets. This
continuing progression, demonstrated by eruptions that fall anywhere in the first and
third quadrants, indicates that offset continues to increase from 6 Rg to 15 R, at least
as far out as C3. This effect could be due to continued non-radial progression and is not
necessarily evidence of further deflection.

4 Discussion
4.1 Statistical interpretation of results

We measured 20 eruptions that were observed to have PEPM falling back to the
Sun during an eruption with a coronal mass ejection. We observed a correlation between
PEPM offset in latitude from source and CME offset from source.

To quantify this relationship, we performed a Spearman rank correlation test (Spearman,

1904) on the sample of 18 eruptions with measurements in C3. The eruptions that took
place on 2015-04-28 and 2019-04-22 were too faint to be measured in C3, so we do not
include them in this quantitative analysis. This statistical test provides a measure of how
strongly two variables (in this case, the PEPM offset and the CME offset) are correlated
without assuming any specific parametric relationship, linear or otherwise. Because our
sample size is small, we used a bootstrap method, performing the statistical test on 10,000
individual samples of 14 events drawn from 18 total, with replacement. The median cor-
relation coefficients were p = 0.64 and R = 0.66 for the Spearman and Pearson tests,
respectively. We determined the significance level from the fraction of samples that had

a Spearman correlation coefficient less than 0, the test statistic we would expect if there
were no correlation. We found it to be p = 0.0073, meaning there is a 0.73% chance

we would have observed these data if there were no correlation. We also computed a Pear-
son correlation coefficient by performing a linear regression on each of the 10,000 sam-
ples. We calculated a p-value in the same way as we did for the Spearman correlation,

—10—
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PEPM offset from source, for both active region eruptions (pink) and quiet Sun eruptions (blue).
Eruptions fall disproportionately in or near the first and third quadrants, indicating that the

offset progression continues from C2 to C3.

which we determined to be p = 0.0031, indicating an even lower probability that we
would observe this linear trend in the data if they were uncorrelated.

We observed a continued offset in CME latitude from C2 to C3, which correlated
with the offset from the source to the PEPM. As we did for the comparison between the
CME and PEPM offset, we used a bootstrap method and calculated Spearman and Pear-
son correlation coefficients for these two sets of measurements and for 10,000 samples
drawn from our data. From the two distributions of coefficients, we calculate probabil-
ities p = 0.0213 and p = 0.0147, respectively, that we would observe these data if the
offset from source to PEPM and the offset from C2 to C3 were not correlated.

There is no meaningful difference in our data between eruptions offset towards the
equator and eruptions offset towards the pole. A similar number of eruptions fall into
each of these two categories, suggesting that the offset in latitude and the correlation be-
tween the PEPM and CME offsets in latitude is more likely a result of the local topol-
ogy and dynamics of the eruptive field than a result of global magnetic structure deflect-
ing the CME towards the equator. Cremades and Bothmer (2004), Liewer et al. (2015),
Mostl et al. (2015), Sahade et al. (2020), and Mierla et al. (2022), among others, have
reported deviations from radial direction that form early in the eruptive process. How-
ever, this does not exclude the possibility that the CME may undergo further deflection
as it propagates. An extensive study by Kay et al. (2017) indicated that CME deflec-
tion and non-radial propagation are strongly dependent on magnetic field topology; lo-
cal structures can influence the early trajectory of a CME while global structures can
have an impact as the CME transits from the corona to the inner heliosphere.

—11—



300 4.2 Magnetic field morphological interpretation

310 The eruptive field changes over the course of the eruption, something that can be

31 seen in the persistence maps of the PEPM. This material frequently falls back to the Sun
312 under the influence of both gravity and the magnetic field. The material follows new field
313 lines rather than fall back to the source, tracing out a changing magnetic field topology,

314 which impacts the CME trajectory as well as the PEPM.

315 Persistence mapping (Thompson & Young, 2016) helps to better visualize this ma-
316 terial as it falls back to the sun along magnetic field lines, allowing us to make diagrams
317 of the magnetic field and how it changes over the course of the eruption. Here, we de-
318 vote some time to deeper investigation of the magnetic field changes in the various types
319 of eruption presented in this study. In Figure 6, we illustrate the prominence eruption
320 and the changing magnetic field structure for the same three eruptions used as exam-
301 ples in Figures 2 and 3.
Before During After Closed Field
2012-04-22 Flux Rope

\ Prominence reconnects with
_/ pseudostreamer closed field

Plasma draining off Escaping
reconnected loop Flux Rope
2011-02-24
Prominence-carrying
closed field \
0P
. jon of flux
D\“ec“e pansion
Plasma drains down
previously open field
PR
Prominence-carrying field reconnects with
open field outside AIA field of view
2019-04-22  Plasma draining down n sk
/" (one field line drawn for clarity)
Pseudostreamer Pseudostreamer
Active Region Active Region

Active Region

Note: eruption occurred behind observed limb,
assumptions about flux rope location are approximate

Figure 6. Magnetic field diagrams showing (from left to right) the changing magnetic field
structure before, during, and after the three eruptions used as examples previously. The closed
field is shown in blue, the flux rope in pink, and the open field in yellow. The eruption on 2019-
04-22 occurred slightly behind the observed limb, so the assumptions about the flux rope location

are approximate.
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The initial, intermediate, and final configurations shown in Figure 6 were deter-
mined via comparison of SDO AIA 171 A and 304 A data, with occasional reference to
data from the Mauna Loa Solar Observatory K-Coronagraph (MLSO KCor), which we
used to confirm streamer configurations prior to some eruptions. The 171 A data pro-
vides the clearest individual loop signatures with the minimum hot “haze” seen in other
coronal filters such as 193 A or 211 A, which makes it the most useful channel for the
assessment of magnetic configurations.

The first eruption is a pseudostreamer eruption that occurred on 2012-04-22. There
were two filaments underlying a very large pseudostreamer. The one on the western limb
was split into two sections, forming a “double-decker” filament. One section reconnected
with the overlying closed field in the pseudostreamer and drained onto the far side of the
quiescent filament to the east, while the other section continued erupting and escaped
the pseudostreamer along with the CME.

The second event, from 2011-02-24, involved a flux rope which had formed under
one half of a pseudostreamer adjacent to an equatorial prominence. The flux rope erupted
towards the equator, pushing southward some nearby open field which was located on
the other side of the low-lying prominence. Reconnection appears to occur between the
open field and flux rope outside the SDO field of view, as some of the prominence plasma
from the flux rope drains down onto the southern side of the equator where the open field
had been before the eruption.

The final example, dated 2019-04-22, presents a contrast to this case; the flux rope
expanded outwards rapidly, leaving the nearby pseudostreamer and low-lying active re-
gion fields. The cold plasma returned to the surface in a sheet after reconnecting with
nearby open field from an adjacent coronal hole.

4.3 Limitations

This study only looked at the offset in latitude. With current spacecraft, which in-
clude SDO, SOHO, and STEREO A, (and STEREO B data available up until 2014), there
are not enough viewpoints to make robust measurements of the PEPM or CME longi-
tudes such that a similar study of longitude would be reliable. All of the missions used
in this study were near the orbital plane of Earth, so the images were integrating along
the line of sight in the longitudinal direction. Whereas a clear boundary could be iden-
tified in latitude, the longitude boundary (and its variation in time) was much less ac-
curate to identify. With more viewpoints, particularly those out of the ecliptic plane, it
will be possible to make more reliable measurements of CME velocity, which would al-
low for a study of whether and how velocity correlates with the latitude offset effects we
observe in this study.

5 Conclusions

A comparison in the offset in latitude of the CME associated with a solar eruption
from its source with the PEPM’s offset from its source shows that the dynamics of the
erupting prominence, not just the source location, can provide information about CME
progression. The positive correlation between the offset in PEPM and CME latitude in-
dicates that observations of remote draining of cool material during a prominence erup-
tion can serve as a potential indicator of the extended magnetic influence of a coronal
mass ejection. We find that the CME motion is typically farther from the source region
than the PEPM, implying the “offset effect” increases with altitude. The PEPM can serve
as a “midpoint” between the source and CME, connecting complex CME magnetic topol-
ogy back to the entire lower coronal volume involved in the eruption.
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369 These results indicate a potential diagnostic tool for CME modelers who seek to
370 understand the extended corona involved in an eruption. Additionally, it poses a ques-
a1 tion as to why some events do exhibit PEPM and some do not, and why PEPM appear
372 where they do. We did not observe any PEPM that fell far from the source region but

373 were symmetric about the source location. As CME models are often centered on ac-
374 tive region or prominence locations, PEPM can help identify additional magnetic field
375 regions playing a role in post-eruptive processes.
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