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The geospace response to coronal mass ejections includes phenomena across many regions, from reconnection at the dayside and magnetotail, through the inner magnetosphere, to the ionosphere, and even to the ground. Phenomena occurring in each region are often connected to each other through the magnetic field, but that field undergoes dynamic changes during storms and substorms. Improving our understanding of the geospace response to storms requires a global picture that enables us to observe all the regions simultaneously with both spatial and temporal resolution. Using the Energetic Neutral Atom (ENA) imager on the Two Wide-Angle Imaging Neutral-Atom Spectrometers (TWINS) mission, a temperature map can be calculated to provide a global view of the magnetotail. These maps are combined with in situ measurements at geosynchronous orbit from GOES 13 and 15, auroral images from all sky imagers (ASIs), and ground magnetometer measurements to examine the global geospace response of a coronal mass ejection (CME) driven event on March 12th, 2012. Mesoscale features in the magnetotail are observed throughout the interval, including prior to the storm commencement and during the main phase, which has implications for the dominant processes that lead to pressure buildup in the inner magnetosphere. Auroral enhancements that can be associated with these magnetotail features through magnetosphere-ionosphere coupling are observed to appear only after global reconfigurations of the magnetic field.
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INTRODUCTION
During geomagnetic storms and substorms, magnetic reconnection in Earth’s magnetotail can accelerate ions and electrons both Earthward and tailward (e.g. Hoshino et al., 2001; Drake et al., 2006; Fu et al., 2019). Bursty bulk flows (BBFs) and dipolarization fronts (DFs) are Earthward traveling features that can result from this reconnection-driven acceleration (Baumjohann et al., 1990, 1999; Angelopoulos et al., 1992, 1994; Nakamura et al., 2002; Runov et al., 2009; Fu et al., 2013). BBFs are continuous segments of magnetotail flow enhancement (∼10 min), punctuated by ∼1 min long intense flow and electric field bursts (V > 400 km/s, VBz > 2 mV/m). DFs are a sharp increase in Bz with thickness on the order of the ion inertial length. Statistical analysis by Fu et al. (2012) showed that these DFs have a peak occurrence at a radial distance of approximately 15 RE, and occurrence decreases rapidly inside r ∼ 10 RE. Using simulation results, Merkin et al. (2019a) demonstrated the correlation between substorm onset and abrupt increase in DF counts, noting this increase as a characteristic of the substorm onset. These reconnection fast flows and related DFs are narrow--on the order of a few RE wide (Sergeev et al., 1996; Nakamura et al., 2004). These phenomena in the tail are associated with particle injections-observed as rapid increases in energetic particle fluxes-in the near tail and inner magnetosphere (Birn et al., 1997).
There is debate about whether the buildup of the ring current pressure is caused by these mesoscale phenomena or by broad earthward convection resulting from a southward z-component of the interplanetary magnetic field (IMF). Menz et al. (2017) used Van Allen Probes measurements and drift trajectory modeling to show that adiabatic convection was sufficient to explain the ring current pressure buildup for two storms. However, the fast flows and DFs have been shown to carry >60% of the measured earthward transport of mass, energy and magnetic flux using a statistical study of in situ measurements (Angelopoulos et al., 1994). Because of their narrow nature, it is extremely difficult to put BBFs into the global context for a specific event with only single-point in situ satellite measurements that will easily miss the signature. Modeling of several idealized storms demonstrated a similar contribution from mesoscale phenomena (∼61% for intense storms) and that these injections were required to recreate observed ring current enhancements in the simulations (Yang et al., 2015; 2016). A global view of the near-Earth region is needed to provide context to localized measurements and validate simulations.
The plasma sheet where these mesoscale phenomena occur magnetically maps to the ionosphere. Many studies have shown the connection between phenomena in the magnetotail and auroral enhancements (e.g. Elphinstone et al., 1995; Henderson et al., 1998; Sergeev et al., 2000, 2004) and we discuss a few highlights here. Motoba et al. (2012) used conjugate auroral observations in the northern and southern hemispheres to demonstrate that auroral beads (wave-like structures) appearing in the initial brightening arc just before substorm onset have a source in the magnetotail with scales on the order of the 1–10 keV proton gyroradius. Spanswick et al. (2017) used THEMIS and FAST satellite-based measurements and ground-based proton aurora images to statistically determine that most of the proton aurora originates from 6–10 RE. Lyons et al. (2012) demonstrated a connection between dipolarization fronts in the plasma sheet and aurora streamers and discussed the implications for substorm onset. Ge et al. (2012) found connections between dipolarization fronts and proton aurora observations and used magnetohydrodynamics (MHD)-based simulations to determine that proton aurora enhancements were caused by ion reflection at the front. Nishimura et al. (2014) connected transient flow bursts in the magnetotail and ring current injections measured by THEMIS with proton aurora observed by all sky imagers. Nakamura et al. (2001) used Geotail measurements and Polar UVI images to show that auroral streamers correspond to field aligned currents on the dusk side of earthward flow bursts. Auroral streamers have been used to demonstrate that BBFs are seen to enter and terminate within the transition region from stretched to dipolar-like field lines in the tail (Kauristie et al., 2003). It is in this transition region that Gabrielse et al. (2019) showed minutes-long ion injections with flux enhancements that lasted approximately for the duration of the earthward flow. Both the flow and the ion injection were quenched when the global dipolarization (and associated substorm auroral expansion seen in the THEMIS ASIs) expanded over the observing satellites. Donovan et al. (2013) notes that more observations of this transition region are needed to better understand the physics of this region, particularly to understand substorm onset.
All of these studies supplemented and informed the ionosphere observations with localized in situ measurements in the magnetotail that provide limited spatial coverage. While comparison to simulations can provide more context to the global response of the system, global measurements are needed to provide validation. Energetic neutral atom (ENA) imaging can provide this needed global view of the magnetosphere. Ion temperature maps can be calculated using ENA measurements (Scime et al., 2002; Keesee et al., 2008) and used to look for heated ions associated with phenomena in the magnetotail. This technique requires active intervals for sufficient ENA signal (McComas et al., 2002; Keesee et al., 2014). DFs are associated with a gradual increase in ion temperature ahead of the front (Runov et al., 2011) due to the acceleration and reflection of ions in the plasma sheet ahead of the front (Zhou et al., 2010). Ukhorskiy et al. (2018) found that this energization is higher than would be expected from an adiabatic process. Ion temperatures tend to remain elevated for a longer time interval than the short time scales during which the flow bursts occur (Angelopoulos et al., 1992). The dipolarization of the magnetic field associated with substorms and injections also results in energization of ions through a process similar to betatron acceleration (Birn et al., 1997).
Keesee et al. (2014) observed regions of energized ions in the magnetotail during the Galaxy-15 substorm using TWINS energetic neutral atom (ENA) data to calculate ion temperature maps. These energized regions are observed to move Earthward and are deflected azimuthally near geosynchronous orbit. Keesee et al. (2020) compared TWINS ion temperature maps, MMS data, and MHD simulations for an interval during August 3, 2016. Multiple regions of enhanced ion temperatures are observed during this period across the tail in the TWINS maps. One of these regions occurred on the dusk side of the tail near the location of the MMS satellites. This region increased from ∼5 to >10 keV as calculated from TWINS data. During this interval MMS4 observed increased ion energies, Earthward flow bursts (Vx), increased ion temperatures, and a dipolarization of Bz. The MHD simulations of this interval also had increased ion temperatures and flows associated with substorm activity. However, the heating in the simulations was less than that observed in the data, demonstrating that global ENA imaging is critical to validating models and improving our understanding of substorm dynamics.
In this study, we combine global ENA imaging with in situ measurements in the inner magnetosphere and auroral imaging to improve our understanding of mesoscale phenomena in the magnetotail and their connections to the inner magnetosphere and ionosphere.
DATA AND METHODOLOGY
TWINS Ion Temperature Maps
The Two Wide-angle Imaging Neutral atom Spectrometers (TWINS) mission (McComas et al., 2009) provides energetic neutral atom data from two satellites in high inclination Molniya orbits. Ion temperature maps are calculated by projecting ENA flux with energies of 1–36 keV along the line of sight to the equatorial plane and fitting to a Maxwellian distribution for parent ions (Scime et al., 2002; Keesee et al., 2008). The resulting mapped area is a combination of the instrument field of view and a modeled magnetosphere boundary using Shue et al. (1997). The map is a grid of 0.5 × 0.5 RE bins that are populated by flux from a varying number of projected instrument pixels, resulting in a spatial resolution that decreases with increasing distance from Earth (Keesee et al., 2014, 2011). A database of temperature maps at 10-min cadence during storms is available at CDAWeb (Keesee et al., 2020) and the projection and temperature analysis codes are available in the UNH Scholar’s Repository (Keesee et al., 2019). For this study, temperature maps were created using a ∼3-min cadence.
In Situ Measurements
Inner magnetosphere measurements during the storm are available from the Time History of Events and Macroscale Interactions during Substorm (THEMIS) mission (Angelopoulos, 2008) and NOAA Geostationary Operational Environmental Satellite (GOES) 13 and 15. THEMIS consists of three identically-instrumented satellites with apogees of ∼12 RE. Ion flux measurements are provided by the electrostatic analyzer (ESA) (5 eV–25 keV ions) (McFadden et al., 2008) and the Solid State Telescope (SST) (30 to >700 keV ions) (Angelopoulos et al., 2008) and magnetic field measurements from the fluxgate magnetometer (FGM) (Auster et al., 2008). The GOES satellites include a Space Environment Monitor (SEM) instrument subsystem that obtains magnetometer, energetic particle, and soft X-ray data (Singer et al., 1996; Onsager et al., 1996).
Auroral Imagers
The THEMIS mission includes an array of 20 white light auroral imagers across Greenland, Canada, and Alaska (Harris et al., 2008; Mende et al., 2008). These All Sky Imagers (ASI) provide images with several km spatial resolution and 3 s temporal resolution. ASI images cannot be used to distinguish between electron and proton aurora, but conjugate observations from satellites such as THEMIS and GOES electron and proton fluxes can be used to identify proton aurora in the images (Nishimura et al., 2014).
Ground Magnetometers
Ground magnetic field perturbations are obtained from the SuperMAG database (Gjerloev, 2012). Data was obtained from 201 magnetometer stations. Station location is used to determine magnetic local time.
RESULTS
A CME-driven storm occurred on March 12, 2012 (Keesee and Scime, 2015) with a sudden storm commencement beginning at 9:16 UT and a minimum Sym-H index of -67 nT at 16:55 UT. The overall evolution of the storm is shown in Figure 1, including interplanetary magnetic field (IMF) z-component, AE index, solar wind pressure, Sym-H index, proton flux from GOES 13 and 15, average plasma sheet ion temperature from TWINS, and average ground magnetic field perturbations from SuperMag stations for mid (50–60) and high (> 60) latitudes. The overall trend in the temperature of the plasma sheet corresponds with the trends in the AE index and SuperMAG ground magnetic field perturbations, showing connections between the plasma sheet and the ionosphere. There are three separate peaks observed in these variables, one at the beginning of the storm, the second associated with a southward turning of the IMF Bz, and the third following a prolonged period of strong southward Bz.
[image: Figure 1]FIGURE 1 | (A) IMF Bz, (B) AE index, (C) solar wind pressure, and (D) Sym-H index from OMNIWeb, GOES (E) 13 and (F) 15 proton flux [p/cm^2 s sr keV], (G) TWINS average plasma sheet ion temperature, SuperMAG ground magnetic field perturbations averaged for (H) mid and (I) high latitude stations for March 12, 2012, 8:00–14:00 UT. Vertical lines indicate times referenced in the text. The shaded regions correspond to intervals discussed in the text and highlighted in Figures 2, 3 (orange) and Figures 4, 5 (green).
A sudden storm commencement (SSC) can be observed around 9:15 UT (vertical line 1 in Figure 1), with a very strong (>50 nT) increase to the Sym-H index driven by the high solar wind pressure. We note that the increase in Sym-H (Figure 1D) appears prior to the increase in solar wind pressure (Figure 1C) which may be due to inaccurate propagation of the data measured at the Lagrangian L1 point to the bow shock. An increase in the proton flux was measured by in situ satellites shortly after the SSC, with GOES 13 observing the flux increase slightly before GOES 15. During this time interval, GOES 13 was located pre-dawn at approximately −5.5 RE in Y and −3 RE in X (GSM coordinates), while GOES 15 was located near midnight at approximately −0.1 RE in Y and −5.8 RE in X (see GOES and THEMIS orbital locations in the Supplementary Material). Both GOES satellites observed a simultaneous increase in flux across all energies for both protons and electrons (electrons not shown). THEMIS satellites located toward the dawn flank from GOES 13 observed similar flux increases (see Supplementary Material). This is typically interpreted as a signature of the plasma sheet’s earthward boundary moving earthward of the satellite location by magnetosphere compression and global E x B convection. However, as we will describe in the Discussion, this could be a signature of dispersionless injection. The SSC was preceded by consistent southward IMF Bz for approximately 90 min. A northward turning of the IMF Bz can be seen around 9:45 UT (vertical line 2 in Figure 1), with the AE index also decreasing around the same time and the Sym-H index remaining near zero. A decrease in the temperature of the plasma sheet occurred shortly afterwards at around 10:15 UT. Ground perturbations were observed at the SSC, with the averaged SuperMag magnetic field changing in response, especially in the local magnetic north component. The high latitude SuperMAG average was positive for about 4 min after the SSC, before a negative bay that peaked around 9:45 UT. The mid latitude stations experienced a less intense perturbation that peaked at the same time.
Figure 2 shows a sequence of ion temperature maps calculated from TWINS for 9:04–9:33 UT (orange highlighted interval in Figure 1). This series of temperature maps give a global observation of the plasma sheet during the interval surrounding the SSC. The average temperature shown in Figure 1 is calculated from these maps by selecting the area from 5 to 20 RE and magnetic local time (MLT) from 20:00 to 4:00. A movie of ion temperature maps for the entire storm interval is in the Supplementary Material. Regions of increased ion temperatures are observed prior to the SSC, likely due to the steady southward IMF Bz prior to the shock arrival driving tail reconnection and earthward flows (as evidenced by the AE index increasing to ∼400 nT in Figure 1B). At the time of the SSC, the plasma sheet temperatures drop significantly across the entire field of view, as seen in Figure 2D. Regions of increased ion temperature begin appearing again in the 9:22–9:26 UT interval (Figure 2F) with the most intense region occurring in the dusk half of the magnetotail. These regions appear localized across the magnetotail and elongated along the tail and move towards the inner magnetosphere, indicative of narrow flow channels. Note, however, that because the temperature maps are ∼3 min averages the flows do not necessarily exist across the entire length for the full interval.
[image: Figure 2]FIGURE 2 | Ion temperature maps of the GSM xy-plane calculated from TWINS measurements for 9:04–9:33 UT. The Sun is to the right, the white disc has a radius of 3 Re and is centered at Earth and the dashed line indicates geosynchronous orbit.
The THEMIS All Sky Imagers can provide spatial and temporal evolution of ionospheric activity. The ASI movie is in the Supplementary Material. To compare locations of observations to TWINS measurements, the TS01 model was used to map THEMIS ASI images and the locations of the in situ spacecraft to the GSM equatorial plane. The magnetic field model is not necessarily accurate, particularly at outer L-shells. As such, we do not intend to make pixel-to-pixel comparisons, and instead compare overall morphology. A sequence of mapped ASI images and the associated globe projections for 9:05–9:30 UT are shown in Figure 3. Despite the continuous southward IMF Bz, the auroral activity is minimal (the moonlight is blocked and appears white) until after the SSC at 9:15 UT (Figure 3C) with initial brightening occurring in the region mapping to post-midnight. A poleward boundary intensification (PBI) is observed prior to SSC (Figure 3B). Streamers are identified in each interval after the SSC. At 9:25 UT (Figure 3E), brightening occurs in the pre-midnight region and extends to post-midnight. This brightening is identified as a streamer in the pre-midnight region of the ASI.
[image: Figure 3]FIGURE 3 | THEMIS ASI auroral images mapped to the GSM equatorial plane using TS01 (top) and globe projections (bottom) for 9:05–9:30 UT. The colorbar in panel (C) applies to all panels. Symbols indicate the mapped location of the GOES 13 (G13), GOES 15 (G15), and THEMIS (A, D, E) satellites.
The IMF Bz turned southward around 10:45 UT (vertical line 3 in Figure 1) resulting in moderate increases in the AE index, plasma sheet temperatures, and ground magnetic field perturbations approximately 10–15 min later. As the Bz remained strongly southward, the plasma sheet ion temperature increased and dispersionless ion injections were observed at geosynchronous orbit. A strong response was seen in the SuperMAG data, and the AE and Sym-H indices peaked about 10 min after the injection observed at GOES 15.
A sequence of ion temperature maps calculated from TWINS from 11:13–11:56 UT (green highlighted interval in Figure 1) is shown in Figure 4. This series shows the plasma sheet during the interval of strong southward IMF Bz. Regions of increased ion temperatures are observed in the plasma sheet, primarily on the dawn (post-midnight) side of the tail. These regions appear to first reach geosynchronous orbit in the 11:20–11:24 UT interval (Figure 4C). As time continues, there are more regions and they increase in size across the tail. The flux dropout observed by GOES-15 (located post-midnight) at 11:20–11:47 UT corresponds to the substorm growth phase during the southward IMF, when the magnetic field stretched, resulting in the satellite moving away from the central plasma sheet (Figure 1F). A dispersionless injection is observed by GOES-15 at 11:47 UT (vertical line 4 in Figure 1). GOES-13 (located at dawn) observed a flux dropout similar to GOES-15 (Figure 1E). The magnetic field at this location didn’t change much, so the flux variations don’t seem to be due to magnetic field stretching. The lower energy ion fluxes dropped, while high energy ion fluxes didn’t change much, which could be indicative of magnetopause shadowing.
[image: Figure 4]FIGURE 4 | Ion temperature maps of the GSM xy-plane calculated from TWINS measurements for 11:13–11:56. The Sun is to the right, the white disc has a radius of 3 Re and is centered at Earth and the dashed line indicates geosynchronous orbit.
The sequence of ASI projections for 11:15–12:00 UT is shown in Figure 5. Auroral activity is minimal until 11:45 UT (Figure 5G), after which the enhancements in the post-midnight imager expand tailward.
[image: Figure 5]FIGURE 5 | THEMIS ASI auroral images mapped to the GSM equatorial plane using TS01 for 9:15–12:00 UT. The colorbar in panel (D) applies to all panels. Symbols indicate the mapped location of the GOES 13 (G13), GOES 15 (G15), and THEMIS (A, D, E) satellites.
To understand the spatial correlation between signatures in the temperature maps and the ground observations, plots of magnetic perturbation as a function of MLT and UT are shown in Figure 6 for low (0–50°), mid (50–60°), and high (60–90°) latitudes. Very weak perturbations in the magnetic field at low latitudes (Figure 6A) can be seen, with the strongest perturbation reaching about 400 nT in magnitude. The mid latitude stations (Figure 6B) observed some stronger perturbations, going as far up as 1600 nT. The location of the highest magnetic field perturbations was also confined within the 0–10 MLT (i.e., post-midnight). The high latitude stations (Figure 6C) observed the strongest perturbations, with some stations going up to 2000 nT in magnitude. The locations of the highest changes in the fields were broader in comparison to the mid latitude stations, going from about 18 to 10 MLT. Across all latitudes, three distinct temporal regions of increased perturbations can be seen, starting from the SSC at 9:15 UT, and then at 11:00 UT, with a final increase occurring shortly afterwards at approximately 12:00 UT. While the first two peaks appear to stay mostly stationary in MLT, the third peak appears to move toward noon over time.
[image: Figure 6]FIGURE 6 | Ground magnetic field north component perturbations as a function of location (MLT) and time (UT) for (A) low, (B) mid, and (C) high latitudes using SuperMAG data. Note that each plot is on the same color scale, but the colorbar indicates the range of values within the plot.
DISCUSSION
Using a multi-perspective global view, we found that mesoscale phenomena played a significant role during this storm. As described above, the initial flux increase at the SSC is typically interpreted as a global phenomenon due to compression of the magnetosphere. However, there were multiple mesoscale features observed in the TWINS maps prior to the SSC that could have led to particle injections to the inner magnetosphere. The Sym-H response to the SSC was significantly stronger than typical storms, perhaps indicating that a combination of changes, including injection of particles, was occurring to the inner magnetosphere. A decrease in the ion temperature across the magnetosphere was also observed at the time of the SSC. It is unclear if this is a physical result or a reduction in ENA flux to the instrument due to global reconfiguration of the magnetic field. More studies using global imaging are needed to compare pre-storm plasma sheet conditions and the resulting inner magnetosphere SSC response.
While the southward turning of the IMF Bz at ∼10:45 UT resulted in moderate activity, as observed by the ground observations and AE index, more significant activity was observed following prolonged southward Bz while the plasma sheet had the opportunity to heat up. The average plasma sheet temperature begins to decrease at the same time as the GOES 13 (located at dawn) flux begins to decrease (∼11:10 UT in Figure 1E–G). Then, the temperature increase begins at the same time as the flux decrease at GOES 15 (located post-midnight) began (∼11:20 in Figure 1F,G). An injection is observed at GOES 15 and the AE begins to increase to its highest value during the storm just after the plasma sheet reaches its peak temperature. This agrees with the findings by Forsyth et al. (2014) that plasma sheet ion temperatures during the substorm growth phase increase with solar wind driving and also correlate with substorm size. The multiple mesoscale features observed by TWINS during the growth phase agrees qualitatively with simulations by Merkin et al. (2019b), and direct comparisons of such simulations with TWINS temperature maps during the same interval would be useful for future studies.
We note that the increased temperatures occur predominantly on the dawn (post-midnight) side of the magnetotail during the ∼11–12 UT interval (Figure 4), which makes this storm unique in that it contrasts with the majority of fast flows and injections that have been observed on the dusk (pre-midnight) side (McPherron et al., 2011; Liu et al., 2013; Walsh et al., 2014; Gabrielse et al., 2017). To emphasize this, an ion temperature map averaged over the entire storm is shown in Figure 7. While this average over 5.5 h demonstrates some variations due to instrumental effects (the TWINS ENA instrument consists of two sensor heads), recall that primarily dusk-side regions are observed early in the storm (Figure 2). Additionally, the localization of the enhancements in the ASI projections and mid-latitude ground perturbations to the post-midnight sector corresponds to the predominance of increased plasma sheet temperatures to the same region.
[image: Figure 7]FIGURE 7 | Average temperature map for the entire storm interval, 8:00–13:30 UT. The white disk has a radius of 3 Re centered on Earth, while the dashed circle indicates geosynchronous orbit. The color bar limit goes up only to 15 keV, as opposed to 25 keV from the previous temperature maps.
As noted in the description of Figure 6, the third overall increase in ground magnetic perturbations (starting just before 12:00 UT) showed movement in MLT toward noon over time. This is indicative of particles flowing around Earth, and can also be observed in the ion temperature maps (see movie in Supplementary Material). This is in contrast to the first two increases, and only occurred after the heating of the plasma sheet, demonstrating the role that plasma sheet dynamics have in particle motion in the inner magnetosphere.
The regions of increased ion temperatures observed in the plasma sheet were observed to first reach geosynchronous orbit in the 11:20–11:24 UT interval (Figure 4C). However, increases in flux are not observed at GOES until 11:47 UT, though as indicated GOES is probably outside of the central plasma sheet due to magnetic field stretching. Thus, the global imaging from TWINS enables us to see that particles are likely entering the inner magnetosphere earlier than is observable by the in situ measurements. However, the ASI enhancements are also observed at about the same time as the GOES flux increase. At the time when GOES observes the flux increase, both TWINS and ASI observed enhancements in the post-midnight region (Figures 4J, 5G). GOES 15 mapped to a location −6.7 Re in X, and −6.6 Re in Y, just on the edge of the region of hot ion plasma seen in the temperature map. A flux increase in the GOES 15 data can be seen across all energy levels. Since the regions of heated ions are observed in the plasma sheet prior to the injection at GOES but no significant features were observed in the aurora until after the injection, the reconfiguration of the magnetic field caused by the substorm must have provided a stronger connection between the plasma sheet and ionosphere after than time. A similar reconfiguration appears to occur at the beginning of the storm since the auroral brightening occurs after SSC despite the observation of heated ions in the plasma sheet prior to it.
CONCLUSION
We have analyzed the global response of the geospace system, from the plasma sheet in the magnetotail to the ground, for the storm on March 12, 2012. By taking advantage of global imaging techniques, spatial and temporal signatures of the plasma sheet’s response to the CME driven event was observed. Observations of the plasma sheet before the SSC show signatures of flow channels coming in from the magnetotail, indicating the importance of mesoscale injections to the inner magnetosphere at SSC. This may have combined with global convection to result in a strong Sym-H response at SSC. The temperature maps during the storm main phase showed a flow channel bias towards the post-midnight sector. This bias towards this sector was also seen in the ground observations, with regions within 18 MLT to 10 MLT experiencing stronger magnetic perturbations. Comparison with auroral images demonstrates a change in magnetosphere-ionosphere coupling upon both the commencement of the storm and the onset of a substorm.
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