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Abstract We examine the relative timing of dayside and nightside plasmapause motion following
southward interplanetary magnetic field turnings on 2 and 9 June 2001. For both events the delay between
the dayside and nightside plasmapause response is less than the temporal resolution of Imager for
Magnetopause-to-Aurora Global Exploration extreme ultraviolet observations (10 min). Our result thus
establishes a possible upper limit (≤10 min) on the day-to-night onset delay. From analysis of the extreme
ultraviolet-observed plasmapause motion we find on 2 June the time-averaged plasmapause E field was
(in mV/m) 0.61 near noon magnetic local time, 0.35 near midnight magnetic local time, and 0.44
overall. The normalized plasmapause speed data (both dayside and nightside) are fitted to the curve
(0.09 ± 0.05)L3, consistent with a spatially uniform and time-constant dawn-dusk penetration E field that
is 9% of the solar wind field. On 9 June the time-averaged E field values (mV/m) were 0.24 (dayside), 0.28
(nightside), and 0.26 (overall); the plasmapause motion was consistent with a penetration E field 10% of
the solar wind field. Plasmasphere erosion is a fundamental element of the dynamic magnetospheric
response to solar wind driving. This study yields an important observational constraint on the day-to-night
timing of the plasmapause response. The result also has implications for the two main models for the cause
of erosion (convection and interchange).

1. Plasmasphere Erosion
The Earth's plasmasphere is a dense, cold torus of rotating plasma whose source is the ionosphere (Lemaire
& Gringauz, 1998). During geomagnetic disturbances the outer layers of the plasmasphere are removed
and its outer boundary (the plasmapause) moves inward (Nishida, 1966; Goldstein, 2006), a process known
as erosion. Many observations indicate that plasmaspheric erosion is initiated by southward turnings of
the interplanetary magnetic field (IMF) (Elphic et al., 1996; Carpenter & Lemaire, 1997) and that IMF
polarity (north or south) exerts a strong influence upon the global shape and location of the plasmapause
(Goldstein et al., 2000; Goldstein & Sandel, 2005). It is generally accepted that southward IMF drives
sunward convection in the inner magnetosphere (Dungey, 1961). Early theoretical studies and numerous
concordant observations suggest that sunward convection is responsible for erosion (Grebowsky, 1970; Spiro
et al., 1981; Goldstein & Sandel, 2005; Goldstein, 2006; Goldstein et al., 2014), but one alternate hypothesis
involves the growth of the interchange instability (Lemaire, 1975; Lemaire & Kowalkowski, 1981; Lemaire
& Gringauz, 1998; Pierrard & Lemaire, 2004; Lemaire & Pierrard, 2008; Pierrard et al., 2009).

According to convection-based models of erosion, plasmapause motion results from the E × B drift of cold
plasma at this boundary, where the electric field (E) comprises both corotation and sunward convection.
In these models, a global convection field is imposed on the inner magnetosphere, producing plasmapause
effects on both the nightside and the dayside. Enhanced sunward convection is predicted to cause the
nightside plasmapause to move inward, and the dayside plasmapause to move outward, creating a plume
(also called a “tail”) of dense plasma (Grebowsky, 1970). That is, according to the convection hypothesis, the
plasmapause moves sunward on both nightside and dayside during the earliest phase of erosion.

Interchange-based models of erosion predict that inward plasmapause motion results from the outward
transport of the outermost layers of the plasmasphere by the centrifugally driven interchange instability.
Under the influence of interchange, dense plasma detaches from the equatorial plasmasphere and moves
radially outward. In interchange-driven models, plumes form whose dynamics can differ from those pre-
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dicted by convection (Pierrard & Lemaire, 2004; Pierrard et al., 2008; Verbanac et al., 2015; Verbanac et al.,
2018; Bandić et al., 2016; Bandić et al., 2017; Murakami et al., 2016).

From 2000–2005 the Imager for Magnetopause-to-Aurora Global Exploration (IMAGE) extreme ultraviolet
(EUV) imager provided global pictures of the plasmasphere (Sandel et al., 2001). In EUV images obtained
during erosion events, the nightside plasmapause contracts, and the dayside plasmapause expands to form
a plume. EUV images provided the global perspective previously only found in models, enabling studies
of the timing of erosion. Goldstein et al. (2000) observed that the plasmaspheric erosion on 10 July 2000
began 30 min after the arrival of southward IMF at the magnetopause. They interpreted this 30-min offset
as the time required for reconnecting magnetopause field lines to propagate over the polar cap to the tail
reconnection site and reach the nightside inner magnetosphere in the sunward return flow. We hereinafter
refer to this time offset as the magnetopause-to-nightside-plasmapause (MNP) delay. MNP delays ranging
from 10 to 30 min have been determined for multiple erosion events (Goldstein & Sandel, 2005; Goldstein,
2006, and references therein), implying that the time delay between IMF polarity changes at the dayside
magnetopause and their subsequent effects on the nightside plasmapause is a consistent dynamic feature.

What has not yet been reported is whether there is a time delay between plasmapause motion on the day-
side and nightside. This paper examines the relative timing of dayside and nightside plasmapause motion
following southward IMF turnings on 2 and 9 June 2001, events previously reported respectively by Gold-
stein et al. (2004a) and Spasojević et al. (2003). We find no EUV-measurable delay between the dayside and
nightside plasmapause response. We also estimate the plasmapause E field and dawn-dusk penetration E
field factor during the 2 and 9 June erosion events.

2. Global Plasmapause Data: 2 June 2001
2.1. Data Analysis and Presentation
This section presents 2 June 2001 observations of the IMAGE EUV imager. Data derived from the 2 June
2001 EUV images are shown in Figure 1. Examples of the original EUV images are shown in Goldstein
et al. (2004a). Figures 1a to 1f (top row) are series of individual time snapshots of the global plasmapause
location, plotted in the solar magnetic (SM) coordinate equatorial plane. The small green circles/dots are
points extracted from EUV images using a semiautomated technique that works as follows. To find the out-
ermost extent of cold plasma visible by the EUV cameras, a computer algorithm extracts points from the
images whose intensity falls within the nominal range of the EUV lower sensitivity threshold (30–50 cm−3)
(Goldstein et al., 2003). Manual postprocessing removes artifacts such as bands of points parallel to or along
camera edges, or regions where sunlight contamination is present. An example of where sunlight contam-
ination obscured the plasmapause in the postdawn magnetic local time (MLT) sector is labeled “S.C.” in
Figure 1a. The outermost boundary extracted using this semiautomated technique is comparable to that
obtained manually by Goldstein et al. (2004a); for this event, the average and root-mean-square differences
between the two techniques are 0.26 RE (Earth radii) and 0.24 RE, respectively. The semiautomated tech-
nique yields a large number of points; for example, all together, the five plots in Figures 1a to 1f contain a
total of 9,133 points. Because the extracted points represent a finite range of density, scatter in these points
depicts the radial scale size of the plasmapause gradient. For a plasmapause with a steep radial density gradi-
ent, the points have little scatter (e.g., midnight-to-dawn MLT in Figure 1f). Diffuse, scattered bands of points
(e.g., dusk and nightside MLT in Figure 1a) mark regions where there is no well-defined plasmapause, but
rather a gradually decreasing density profile. As described further in section 2.2, some plasmapause features
(e.g., “bulge,” “RB,” and “RN”) are labeled to facilitate discussion.

Figures 1g and 1h show the X coordinate location of the plasmapause versus UT for half-hour MLT ranges
on the nightside (2345–0015 MLT, Figure 1g) and dayside (1145–1215 MLT, Figure 1h). Each vertical strip
of small dots represents all the points within the given MLT range, from a single EUV image (note that
the EUV image cadence is 10 min). Each large blue or red point gives the per-image average. Below the
EUV X-versus-UT plots, Figures 1i and 1j contain the BZ component of the IMF, measured upstream at
[X ,Y ] = [94,−51] RE by the Wind spacecraft (Lepping et al., 1995) and propagated to the magnetopause
for the 1-min OMNI data set (https://omniweb.gsfc.nasa.gov/). Figures 1k and 1l show the solar wind speed
(VSW) measured by Wind (Ogilvie et al., 1995), and the ground-based Sym-H (Symmetric portion of Hori-
zontal magnetic component) index (Wanliss & Showalter, 2006). In Figure 2 we show the plasmapause E
field and speed derived from EUV, and the OMNI solar wind E field derived from Wind IMF and solar wind
data (Ogilvie et al., 1995).
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Figure 1. IMAGE EUV and Wind observations, 2 June 2001. See text for acronym explanations. (a–f) Individual snapshots (UT indicated at lower right) of the
global plasmapause shape in the SM coordinate magnetic equatorial plane. Earth at center; Sun to the right. Green circles are plasmapause points extracted
from EUV images using a semiautomated technique. Some plasmapause features (e.g., “bulge,” “RB,” and “RN”) and sunlight contamination (“S.C.”) are
labeled. (g, h) Plasmapause location (X) versus UT for half-hour MLT ranges on the nightside (2345–0015 MLT) and dayside (1145–1215 MLT). Vertical strips of
points are per-image plasmapause data within the given MLT range; large blue (nightside) or red (dayside) points are per-image averages. (i, j) Wind IMF BZ
component versus UT, delayed 17 min from the magnetopause arrival to account for the magnetopause-to-nightside-plasmapause (MNP) travel time (see text).
(k, l) Solar wind speed (VSW) and Sym-H versus UT, showing nominal flow speed and very weakly disturbed conditions.

2.2. Data Interpretation
2.2.1. Erosion Timing
On 2 June 2001 the EUV imager witnessed an erosion of the plasmasphere that began at 0021 UT (Goldstein
et al., 2004a), with a timing uncertainty of ±5 min owing to the 10-min EUV cadence. During 0021–0600 UT,
the erosion moved the nightside plasmapause boundary inward by about 2 Earth radii (RE) and moved the
dayside plasmapause outward, forming a broad dayside drainage plume (Figure 1f). Only the first 2 hr of the
event are depicted in Figure 1, during which the nightside plasmapause moved inward by 1.4 RE, removing
at least ≈ 100 × 103 kg in the process (Goldstein et al., 2019). As is typical for erosion events (Goldstein &
Sandel, 2005), the nightside plasmapause density gradient steepened as the boundary moved inward. For
example, note the significant reduction in radial scatter (ΔLp) of plasmapause points near midnight MLT,
from ΔLp ≈ 0.7 RE at 0021 UT (Figure 1a) to ΔLp ≈ 0.2 RE at 0203 UT (Figure 1f).

As reported by Goldstein et al. (2004a), the erosion was apparently triggered by enhanced convection that
resulted from a southward IMF turning. The southward IMF turning was measured at [X ,Y ] = [94,−51] RE
by Wind at 2346 UT. According to the OMNI downstream propagation calculation the Wind-observed south-
ward turning arrived at the magnetopause at 0004 UT on 2 June. To align the southward IMF turning with
the erosion onset requires an additional 17-min offset to the Wind measurements. Following previous work
we attribute this additional time offset to the MNP delay (cf. section 1).

The onset of the nightside plasmapause motion is evident in Figure 1g as a small positive dX/dUT after
0021 UT. Figure 1h shows the dayside plasmapause motion (dX/dUT > 0) also commenced at 0021 UT,

GOLDSTEIN AND SANDEL 3 of 9



Journal of Geophysical Research: Space Physics 10.1029/2019JA027153

Figure 2. (a) Electric field component tangent to the plasmapause, deduced from the boundary motion in Figure 1
(see text). Nightside (blue •) and dayside (red ◦) points with uncertainties are plotted. Gray curve is the penetration E
field, estimated as 9% of the solar wind E field (i.e., 0.09ESW.) (b) VX B0∕ESW, which is ∝ L3 for spatially uniform,
time-constant dawn-dusk convection E field. Fit assumes 9% penetration E field.

apparently simultaneous with the nightside motion. Careful analysis of the plasmapause data of Figures 1a
to 1f shows that after 0021 UT, sunward motion of the plasmapause occurred at all local times, on both
dayside and nightside. For example, a local bulge near 1800 MLT at 0021 UT (Figure 1a) was gradually pulled
sunward and elongated into a narrow plume-like feature in the predusk sector (see 0112 UT, Figure 1e).
These observations are consistent with a basic prediction of the convection model, which states that erosion
results from the imposition of a global sunward flow pattern on the otherwise corotating plasmasphere.
Simultaneity of the nightside and dayside motion is not explicitly predicted by the convection hypothesis,
although models have indeed imposed changes in the inner magnetospheric convection field as a global,
instantaneous change in the E field (e.g., Grebowsky, 1970; Chen et al., 1975; Spiro et al., 1988). If there
was a delay between the dayside and nightside onsets of erosion, that delay was smaller than EUV could
resolve with its 10-min cadence. The EUV observations of the 2 June 2001 erosion thus establish a valuable
constraint: The onset times of dayside and nightside erosion differ by no more than 10 min. The plots of
VSW and Sym-H illustrate that this event did not occur during anomalously fast solar wind or very strong
disturbance conditions.
2.2.2. Rotation of Azimuthal Structure
In Figures 1g and 1h, prior to 0021 UT the plasmapause seems to move antisunward (dX/dUT < 0) on both
dayside and nightside. This apparent motion results from the rotation of an azimuthally structured plasma-
pause shape past a fixed MLT, as follows. At midnight (Figure 1g), the passage of an eastward rotating bulge
(“RB”) produces an apparent outward (antisunward) motion. Similarly, a rotating notch (“RN,” i.e., local
indentation) moving past noon (Figure 1h), generates an apparent inward (antisunward) motion there. At
the 0021 UT onset of the erosion, the corotation of an azimuthally structured plasmapause was interrupted
by global sunward motion. This discussion illustrates how global imaging permits separating spatial and
temporal effects in local measurements.
2.2.3. Plasmapause Electric Field
The plasmapause motion in a sequence of EUV images can be used to deduce the E field tangent to the
boundary (Goldstein et al., 2004b). This estimate requires a model magnetic field (B); we assume a dipole
field B = B0∕L3 at the SM equator. Using the nightside (blue) and dayside (red) values of VX from Figures 1g
and 1h, the plasmapause E field is estimated as EY ≈ VX B in Figure 2a. The vertical error bars include
uncertainty from both the plasmapause location and the EUV image cadence. During 0021–0203 UT on 2
June 2001, the time-averaged plasmapause E field was 0.61 mV/m near noon MLT, 0.35 mV/m near mid-
night MLT, and 0.44 mV/m overall (i.e., the average of all the computed values of EY from both dayside and
nightside).
2.2.4. Plasmapause Speed
For a uniform, constant dawn-dusk penetration electric field and a dipole field B0∕L3, the convection
speed VX varies as L3. Consistent with this theoretical expectation, the outward moving dayside (nightside)
plasmapause accelerated (decelerated) with time, as is visible qualitatively in Figures 1g and 1h. However,
being proportional to the solar wind E field, the penetration field (EP ≡ 𝑓ESW) is not constant in time,
so the observed VX is not expected to precisely follow L3. To compare the observed plasmapause motion
with the predicted convection speed, Figure 2b plots the normalized (dimensionless) plasmapause speed:
VP ≡ VX B0∕ESW, also equal to 𝑓L3, where 𝑓 is the ratio of the penetration and solar wind E fields. Fitting the
VP data points to a curve 𝑓L3 provides an estimate of the penetration factor (fit parameter 𝑓 ). We fitted these
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Figure 3. IMAGE EUV and Geotail observations, 9 June 2001. Same format as Figure 1. (a, b) Plasmapause location
(X) versus UT for narrow MLT ranges on the nightside (0154–0206 MLT) and dayside (0959–1001 MLT). (c, d) Geotail
IMF BZ component versus UT, with 27 min magnetopause-to-nightside-plasmapause (MNP) travel time. (e, f) Solar
wind speed (VSW) and Sym-H versus UT, showing nominal flow speed and very weakly disturbed conditions.

VP data to the curve (0.09±0.05)L3, yielding the estimate that 9% (±5%) of the solar wind E field was felt at the
plasmapause during the erosion, comparable to a modeling-based estimate of 12% (Goldstein et al., 2004a,
references therein). Scatter in the points is generally larger for data with larger uncertainties and might also
reflect a dynamic penetration factor 𝑓 (perhaps owing to time variation, low-pass filtering, and/or time lags
introduced by the Region 2 current system). The time-dependent penetration field (estimated), 0.09ESW, is
also overplotted in gray in Figure 2a. Its average value during 0021–0203 UT was 0.45 mV/m, comparable
to the average overall plasmapause E field estimated from EUV.

3. Second Example: 9 June 2001
This section briefly presents a second erosion event observed by IMAGE EUV, on 9 June 2001, in a format
very similar to that of section 2. Figures 3a and 3b show plasmapause X versus UT for narrow MLT ranges
on the nightside (0154–0206 MLT, Figure 3a) and dayside (0959–1001 MLT, Figure 3b). Each vertical strip
indicates the extent of the plasmapause gradient; each large blue or red point gives the per-image average.
Figures 3c and 3d show the IMF BZ component measured at [X ,Y ] = [9, 25] RE by the Geotail space-
craft (Nishida et al., 1992; Kokubun et al., 1994) and propagated to the magnetopause for the 1-min OMNI
data set (https://omniweb.gsfc.nasa.gov/). Figures 3e and 3f give the solar wind speed (VSW) measured by
Geotail (Frank et al., 1994) and Sym-H. Figure 4 shows the plasmapause E field and speed derived from
EUV, compared to the Geotail-derived OMNI solar wind E field.

On 9 June 2001 at 0409 UT (±5min) there commenced a very mild erosion event, in which the plasmapause
moved sunward by< 1 RE on both nightside (Figure 3a) and dayside (Figure 3b). The erosion was apparently
triggered by a southward IMF turning that manifested in the inner magnetosphere at 0409 UT (including
MNP delay of 27 min; cf. section 2). The modest nature of the erosion is attributed to the fact that prior to
the IMF turning, the nightside plasmapause had already been eroded by many hours of intermittent weak
(BZ ≥ −5 nT) southward IMF beginning at 1500 UT on the previous day (8 June). At 0409 UT on 9 June
there came an intensification of the IMF southward component to −9 nT, along with an increase in solar
wind speed (Figure 3e). The resulting increase in convection strength eroded the nightside plasmapause
from X ≈ −4.2 RE to X ≈ −3.6 RE (Figure 3a). Apparently simultaneously, the dayside plasmapause also
moved sunward, from X ≈ 4.0 RE to X ≈ 4.9 RE. As with the 2 June event (section 2), if there was a delay
between the dayside and nightside onsets on 9 June, that delay was smaller than the EUV cadence could
resolve.
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Figure 4. Same format as Figure 2 but for 9 June 2001 event. (a) Penetration E field is estimated as 0.12ESW.
(b) VX B0∕ESW for 12% penetration E field.

Following the example of section 2, Figure 4a shows the plasmapause E field during the 9 June erosion
event; the time-averaged values were 0.24 mV/m (dayside), 0.28 mV/m (nightside), and 0.26 mV/m (overall).
Figure 4b plots the normalized (dimensionless) plasmapause speed, fitted to the curve (0.10 ± 0.10)L3, con-
sistent with the estimate that 10% of the solar wind E field was felt at the plasmapause during the erosion.
The time-varying penetration field (estimated), 0.10ESW, is also overplotted in gray in Figure 4a.

4. Discussion
Plasmaspheric erosion is a fundamental element of the dynamic magnetospheric response to solar wind driv-
ing. The plasmasphere controls the majority of mass and inertia in the magnetosphere and even moderate
erosion events can remove tens of metric tons of mass (Goldstein et al., 2019). The timing of global plasma-
pause motion (both dayside and nightside) provides essential information about how solar wind-driven
changes in convection propagate from the magnetopause to the inner magnetosphere. As a diagnostic of the
system-level effects of E×B drift, plasmasphere imaging is particularly well suited to study these convection
changes. To obtain this timing information using high-altitude in situ measurements would require at least
two spacecraft, very fortuitously positioned (e.g., near the plasmapause at two widely separated MLT values
spanning day and night).

Numerous studies have examined the response of the high-latitude ionosphere to IMF transitions
(Knipp et al., 1991; Hairston & Heelis, 1995; Ridley et al., 1998; Murr & Hughes, 2001; Huang et al., 2002;
Wolf et al., 2005). Observations suggest that the onset of ionospheric response begins near noon and propa-
gates toward midnight, reaching it within 1–2 min of the IMF change (Ridley et al., 1998; Murr & Hughes,
2001) but that the full global reconfiguration of ionospheric flow patterns takes longer and depends on MLT.
Using ground magnetometer data, Murr and Hughes (2001) found that the reconfiguration time is 5 min
near noon MLT and increases by 2 min for every 3 hr of MLT, implying a cumulative noon-to-midnight
reconfiguration delay of about 13 min. Nishitani et al. (2002) measured a 25-min delay between the ini-
tial ionospheric response and the final reconfiguration of the global convection pattern. Fiori et al. (2012)
observed a dayside-to-nightside total reconfiguration delay of 14–18 min. These values are all comparable to
our derived MNP delays of 17±5 min (2 June) and 27±5 min (9 June). In simulations by Wolf et al. (2005),
though a 12- to 25-min day-to-night delay is seen in the high-latitude region, the low-latitude penetration
field is apparently felt nearly instantaneously at all local times. This model result suggests that if there is a
finite low-latitude (i.e., plasmaspheric) delay, it is smaller than both the high-latitude delay and the 10-min
EUV time cadence, perhaps as small as the day-to-night low-latitude Alfvén transit time. We also expect
that any low-latitude delay would favor erosion onset happening sooner on the dayside, since high-latitude
convection is first established near noon MLT. Our results for 2 and 9 June 2001 establish a valuable upper
limit (≤10 min) on the day-to-night onset delay, for two events. EUV measurement of onset delays for more
events are essential to investigate if the 10-min upper limit is a general feature. A result for just two storms
does not set the rule. Future work should also determine more precisely the ≤10-min time offset via analysis
of low-latitude ground magnetometer and/or radar data.

This result also has implications for the cause of plasmaspheric erosion. The growth of the interchange
(or quasi-interchange) instability may be slowed or suppressed by high dayside ionospheric conductivity
(Lemaire, 1985; Lemaire & Gringauz, 1998), in which case erosion should begin earlier on the nightside.
This prediction is opposite to that for convection, which expects possible earlier dayside onset (see previous
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paragraph). For each of our two example events (2 and 9 June 2001) the observation of a dayside-to-nightside
erosion onset delay of ≤10 min enables a simple calculation to constrain the possible ionospheric conduc-
tivity values needed for interchange to be responsible, as follows. Lemaire and Gringauz (1998) estimated
the maximum speed of dense, interchange-driven flux tubes: Vp,max ∝ L3∕Σp, where Σp is the ionospheric
height-integrated Pedersen conductivity and L is L-shell. They found Vp,max ≈ 0.03 RE hr−1 at L = 4 assum-
ing nightside conductivity Σp = 0.2 S (S = siemens). Note that the minimum speed detectable by IMAGE
EUV is≥ 0.1RE (one EUV pixel) per 10 min, or 0.6 RE hr−1. For our 2 June example event, the onset occurred
at L = 5.7 on the nightside, requiring Σp = 0.04 S for interchange motion to be detectable in one 10 min
(cadence) EUV image. For the dayside onset (L = 4.6) to be detectable in the same 10-min interval requires
Σp = 0.02 S, a value that is probably unrealistically low for dayside conductivity at the foot points of plasma-
pause field lines, typically>1 S (Evans et al., 1977; Sheng et al., 2017). For the 9 June example with (nightside,
dayside) onset at L = [4.2, 4] the required conductivities are similarly low (Σp ∼ 0.01 S). Although these
simple estimates do not appear to provide support for the dominance of interchange during erosion onset,
more sophisticated modeling may do so, and more example events are definitely needed.

The plasmapause E fields for both events had peak values of about 1 mV/m and average values of a few tenths
of millivolts per meter. Likewise, both events measured similar solar wind E field penetration factors (9%
on 2 June and 10% on 9 June). These values are all consistent with those found in several previous studies
using IMAGE EUV data (Goldstein et al., 2000; Goldstein et al., 2004b; Goldstein & Sandel, 2005; Goldstein
et al., 2005). More work is needed to understand how the plasmapause E field and penetration factors vary
according to disturbance level and/or overall storm strength.

5. Summary
We have examined the relative timing of dayside and nightside plasmapause motion following southward
IMF turnings on 2 and 9 June 2001. In both events the delay between the dayside and nightside plasma-
pause response is less than the temporal resolution of EUV image data (10 min). Our result thus establishes
an upper limit (≤10 min) on the day-to-night onset delay, for one event. From analysis of the 2 June
EUV-observed plasmapause motion we find the time-averaged plasmapause E field was 0.61 mV/m near
noon MLT, 0.35 mV/m near midnight MLT, and 0.44 mV/m overall. The normalized plasmapause speed
data (both dayside and nightside) are fitted to the curve (0.09± 0.05)L3, consistent with a spatially uniform,
time-constant dawn-dusk penetration E field that is 9% of the solar wind field. For the 9 June event the
time-averaged plasmapause E field was 0.0.24 mV/m (dayside), 0.28 mV/m (nightside), and 0.26 mV/m over-
all. Normalized plasmapause speed data (both dayside and nightside) are fitted to the curve (0.10± 0.10)L3,
consistent with a penetration E field that is 10% of the solar wind field.

Plasmasphere erosion is a basic, fundamental element of the dynamic magnetospheric response to solar
wind driving. This study yields an important observational constraint on the day-to-night timing of the
plasmapause response. The result also has implications for the two main models for the cause of ero-
sion (convection and interchange). Future work may use both ground-based and spaceborne imaging
measurements to explore this topic more deeply.
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