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Abstract

On October 28th 2021 the Sun released a large Coronal Mass Ejection (CME) in Earth’s direction. An X1.0 class solar flare and
a rare ground level enhancement (GLE) were observed, along with bright solar radio bursts. Here we examine data from the
near-Earth environment to investigate the terrestrial response to this solar event, as a typical example of Sun-Earth interactions.
The CME arrival is tracked at $\sim$1 AU from Wind radio observations and the interplanetary magnetic field (IMF) and solar
wind dynamic pressure by \textit{in-situ} measurements of OMNI spacecraft. Geomagnetic activity is studied with indices
including SYM-H while the auroral response is monitored by remote Wind radio measurements of Auroral Kilometric Radiation
(AKR) and SSUSI UV observations. We quantify the timeline for solar wind-magnetosphere coupling via exploration of the

dayside reconnection rate and polar cap voltages and address the visibility of AKR sources for a dayside radio observatory.
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Key Points:

« OMNI data upstream of Earth reveal the effects of the arrival of a CME at the
bowshock

» SuperMAG SML indices suggest multiple substorm onsets during an energised ring
current in response to the CME

« Novel Wind observations of AKR from L1 are likely generated above bright, dis-
crete auroral structures between 14:00-18:00 MLT, observed by SSUSI
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Abstract

On October 28th 2021 the Sun released a large Coronal Mass Ejection (CME) in Earth’s
direction. An X1.0 class solar flare and a rare ground level enhancement (GLE) were ob-
served, along with bright solar radio bursts. Here we examine data from the near-Earth
environment to investigate the terrestrial response to this solar event, as a typical ex-
ample of Sun-Earth interactions. The CME arrival is tracked at ~1 AU from Wind ra-
dio observations and the interplanetary magnetic field (IMF) and solar wind dynamic
pressure by in-situ measurements of OMNI spacecraft. Geomagnetic activity is studied
with indices including SYM-H while the auroral response is monitored by remote Wind
radio measurements of Auroral Kilometric Radiation (AKR) and SSUSI UV observations.
We quantify the timeline for solar wind-magnetosphere coupling via exploration of the
dayside reconnection rate and polar cap voltages and address the visibility of AKR sources
for a dayside radio observatory.

Plain Language Summary

The Sun can emit Coronal Mass Ejections (CME), which are energetic releases of
plasma that travel through the solar system at high speeds. This outflow of mass has
a significant effect on the terrestrial magnetosphere, and produces space weather effects
at Earth under certain conditions. A CME occurred on 28th October 2021 that was di-
rected towards Earth, and observable signatures were monitored upstream. This study
presents the observations of the CME arrival at Earth, as well as the response of the ter-
restrial magnetosphere using various proxy indices of geomagnetic activity and novel ob-
servations of Auroral Kilometric Radiation far from Earth on the dayside.

1 Introduction

A partially Earth-directed CME was observed at 15:35 UT on 2021 October 28th,
following an X1.0 class solar flare emitted from the AR12887 region and the ejection of
relativistic protons and electrons from the solar atmosphere. The solar protons (~450
MeV) produced rare ground level enhancements (GLEs) at Earth, one of five since 1976
that occurred with a flare of this magnitude (Papaioannou et al., 2022). Accelerated elec-
trons radiated non-thermal radio emission in a host of particularly intense solar radio
type II, III and IV bursts (Klein et al., in prep., 2022). The CME was observed by the
Large Angle Spectrometric Coronagraph (LASCO; (Brueckner et al., 1995)) C2 as a par-
tial halo propagating towards the south. From the broader literature (e.g., Taylor et al.,
1994; Hutchinson et al., 2011; Kilpua et al., 2017), we expect a strong geomagnetic re-
sponse when the upstream medium is characterized by high solar wind flow speed, high
solar wind dynamic pressure and southward-directed interplanetary magnetic field (IMF).

This solar activity provided an opportune event, in the new rising phase of the so-
lar cycle, to study its effect on Earth’s magnetosphere in the space weather context. While
in-situ observations can provide insight into the solar wind plasma itself, the suite of ter-
restrial instruments (both remote and ground-based) can also be used to track the cou-
pling of the magnetosphere to the CME-associated solar wind. With upstream monitors
like Wind at the Lagrange point L1, the interplanetary magnetic field (IMF) and plasma
parameters can be measured continuously. These parameters have been used to define
non-linear coupling relationships (e.g., Milan et al., 2012) that characterize magnetic re-
connection processes between the IMF and the planetary magnetic field on the dayside
of the terrestrial magnetosphere, allowing inference of open flux being transported across
the polar cap and into the nightside magnetosphere. Widely distributed magnetometer
stations are used to measure the magnetic disturbance, signalling strengthened current
systems and the onset of storms and substorms (Iyemori, 1990; Newell & Gjerloev, 2011).
Electron precipitation along magnetic field aligned currents (FACs) produces the UV and
optical aurora in the ionosphere, but also source regions of Auroral Kilometric Radia-
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tion (AKR) above it under certain conditions (e.g., Wu & Lee, 1979; Treumann, 2006).
These auroral emissions, monitored remotely, provide a comprehensive picture of the dy-
namics of the auroral acceleration region when accounting for complex viewing effects

of AKR (Gurnett, 1974; Alexander & Kaiser, 1976; Mutel et al., 2008; Zhao et al., 2019).

In this study, we examine the response of the near-Earth environment in terms of
solar wind conditions and various geomagnetic indices, giving both an in-situ and remotely
sensed picture of magnetospheric conditions in the days during and following the arrival
of the CME. Furthermore, we present subsequent, novel observations of AKR made by
Wind/Waves from L1, 250 Rg from Earth. Section 2 presents the observations made through-
out the coupling timeline following the CME: Section 2.1 describes the upstream solar
wind conditions following the arrival of the ICME at Earth. Section 2.2 describes the
timeline of the geomagnetic response at various scales using OMNI data, SuperMAG ge-
omagnetic indices (Gjerloev, 2012) and PC indices (Stauning, 2013), supplemented by
Wind/WAVES AKR observations. Section 2.3 presents UV auroral observations with
the observed AKR to interpret the driving origin of the radio emission. Section 3 sum-
marises the case study of the event.

2 Observations
2.1 Solar Wind Conditions at the Bowshock

Figure 1 shows a combination of remote sensing and in-situ data which illustrate
the impact of the CME at Earth. Radio observations made by the Wind/WAVES/RAD1
instrument are seen in the top panel, exhibiting clear signatures of solar type III radio
bursts, characterised by bright sweeping arcs that are much more intense than the ra-
dio background. Type IIlIs are generated by fast (~0.3c) electron beams; in this instance
electrons were estimated to have energies of 9 keV and a travel time of 1 hour between
the solar corona and Wind (Klein et al., in prep., 2022). Their arrival is seen in panel
a of Figure 1. Accounting for the ~8 minute light travel time from the Sun, the intense
solar type III storm at ~15:30 thus indicates the time of the eruption of the CME from
the solar corona. The Langmuir waves, low frequency excitations at ~18:00 UT are the
result of the Wind spacecraft travelling through the type III-producing electron beam,
and as such a direct magnetic connection to the solar surface (Klein et al., in prep., 2022).
Panels b and c illustrate the IMF and solar wind conditions as the CME sweeps over OMNI
spacecraft, parked at the Lagrange 1 point 250 Rg upstream of Earth.

The Z and Y components of the interplanetary magnetic field (IMF) propagated
to the terrestrial bow shock are presented in the panel b of Figure 1. At the beginning
of the presented interval, the magnitude of both components is close to zero, often with
weakly positive By and weakly negative By. While the total magnetic field begins to
slowly increase from the start of the interval, significant fluctuations in the Bz and By
IMF components and a total increase are seen from ~21:00 UT on 29th October 2021,
after which large excursions in the Z and Y components continue as does the increase
in the total magnetic field density. This results in a rotation in the clock angle, which
is particularly dramatic at around 20:00 UT 30th October 2021, and continues afterwards.
This is similar to signatures associated with the passing of an interplanetary coronal mass
ejection (ICME) (e.g., Carter et al., 2020).

The solar wind characteristics during this event are presented in panel ¢ of Figure
1, with the dynamic pressure in black, proton density in blue and flow speed in gold. Si-
multaneous to rotation in the clock angle mentioned previously, a multi-step increase in
solar wind dynamic pressure is observed in the later half of 30th October 2021. The peak
dynamic pressure of ~12 nPa occurs at 18:56. This pressure (proportional to NSWVSQW)
increase is dominated by the shape of the density curve displayed in blue, and no clear
related signatures are observed in the flow speed for 30th October 2021. Combined with
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Figure 1. Observations between the 28th October and 2nd November 2021 of: a) radio emis-
sion showing intense Type III bursts near the time of the CME; b) total (Br) and transverse
(By, Bz) IMF magnitudes; c¢) solar wind flow pressure (Psw ), proton density (Nsw) and flow
speed (Vsw); d) SYM-H, showing the terrestrial ring current response.
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the clock angle rotation, this is indicative of the passing of an ICME, such as that ob-
served by Carter et al. (2020). Noting that median Psy, values at 1 AU are of the or-

der of several nPa (e.g., Fogg et al., 2022), a pressure enhancement reaching the order

of 10 nPa suggests a substantially compressed magnetosphere. This is confirmed (Araki,
1994) by a rapid increase in SYM-H (presented in the panel d of the Figure 1), followed
by a sharp decrease to negative values, with oscillations around the negative peak at ~05:00
UT, 31st October 2021. Such a signature, driven by a rapid compression of the magne-
tosphere, is known as a geomagnetic sudden storm commencement (SSC); shown to be
driven by CMEs by Taylor et al. (1994). A disturbed recovery period is observed in SYM-
H. This is an SSC of only moderate magnitude, surpassing the quiet level of -15 nT de-
fined by Walach and Grocott (2019) by about 25 nT at the peak of the storm.

2.2 Geomagnetic Activity

Geomagnetic indices are powerful tools which characterise the state of the mag-
netosphere. In this study, SYM-H, PC(N,S), SMU and SML indices are used; all con-
tinuous, minute resolution products derived from ground based magnetometer data, thus
not limited by spacecraft position. Each index is amalgamated from individual stations,
and shows deflections in the magnetic field as a result of changes in overhead currents.
SYM-H (Iyemori, 1990) is derived from magnetometers at equatorial latitudes, indicat-
ing changes in the ring current and showing characteristic signatures of geomagnetic storms
(e.g., Walach & Grocott, 2019). The polar cap indices PC(N,S) (e.g. Troshichev & An-
drezen, 1985; Stauning, 2013) are measured by stations at polar latitudes in the north-
ern and southern (geographic) hemispheres; they record the strength of cross polar cur-
rents, with larger values suggesting faster antisunward flux transport. Finally, SMU and
SML (Gjerloev, 2012) are the upper and lower envelopes of the SuperMAG electrojet
index, and show the strength of the eastward and westward electrojets respectively. These
are measured from magnetometers in the auroral zone, and are roughly equivalent to the
auroral electrojet indices AU and AL (Davis & Sugiura, 1966), which were not available
for this interval. Most famously, SML/AL show distinct substorm signatures (e.g., Newell
& Gjerloev, 2011; Forsyth et al., 2015). Figure 2 shows several parameters which reveal
the terrestrial magnetospheric response to the arrival of the CME.

Figure 2a shows the dayside reconnection rate of Milan et al. (2012) (equation 15),
a method of representing the energy input from the solar wind at the magnetopause bound-
ary. This represents the non-linear coupling effects that can stimulate a cycle of mag-
netospheric dynamics and precede other phenomena within the inner magnetosphere. The
reconnection voltage increases with the variations in the transverse (Y and Z) compo-
nents of the IMF, and gradual increase in solar wind speed, towards the end of 30th Oc-
tober 2021. The largest increase in the reconnection rate for this interval comes with the
most extreme Southward IMF at midday on 31st October 2021.

Towards the beginning of the presented interval, the polar cap indices PC(N,S) are
relatively quiet; PC(N) is around the median values presented by Fogg et al. (2022). Through-
out the interval shown in Figure 2b, both PC(N) and PC(S) follow similar shapes, sug-
gesting balanced flux transport in both hemispheres. At the start of 30th October 2021,
around 07:00 UT, the PC indices exceed 4 mVm™!, in a short lived enhancement, prior
to the primary Psy enhancement. The PC(N) index peaks at ~5.0 mVm~! at 06:46 while
PC(S) peaks at ~4.1 mVm~! at 07:03. A subsequent enhancement is seen roughly within
the main phase of the SSC, with corresponding oscillatory activity. Following this, more
short-lived enhancements in the PC index are observed within the disturbed recovery
period of the storm, including another minor negative deviation that could be indica-
tive of further ring current energisation. The enhancements to the PC index that fol-
low the initial pressure pulse, while shorter, reach similar values in PC(S) and slightly
smaller (within ~ 5-20%) values for PC(N). These enhancements evidence periods of rapid
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Figure 2. Magnetospheric response given by a) the dayside reconnection rate, b) PC indices
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vations made from L1 and e) the SYM-H index for 28th October to 2nd November 2021.
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flux transport that facilitate the loading of magnetic energy; a prerequisite for the sub-
storm dynamics of Figure 2c.

For all of the major SML diversions in the interval, their peak magnitude is at least
two times greater than that of the SMU index, indicating a substorm-like response in
the magnetosphere. The SMU and SML indices are both quiet at the beginning of the
interval; SML reaching no more than -200 n'T before 30th October 2021. A significant
diversion in SML of -500 nT is seen at the same time as the first major increase of both
PC indices on 30th October 2021; around 39 hours after solar flares associated with the

28th October 2021 CME were recorded. This diversion in the SML coincides with a Southward-

turning IMF By component, as seen in both Figure 1b and Figure 2a. Another signif-
icant SML peak is seen at ~22:30 UT, corresponding to the largest values of the day-
side reconnection voltage since the arrival of the large pressure pulse as seen in Figure
1. This substorm onset accompanies the geomagnetic storm-like response of the SYM-
H index, with the peak SML diversion occurring as SYM-H becomes negative.

The following substorm onset at ~ 13:00 UT, 31st October 2021, exhibits the largest
disturbance to the geomagnetic field, with a negative peak of almost -1000 nT preceded
(~ 30 min) by the peak dayside reconnection rate. The PC indices are lower than for
the previous onset although peak in both hemispheres at ~ 5 mVm™!. This onset also
corresponds with a second pressure pulse in the solar wind and a second energisation of
the ring current as shown by SYM-H. Another substorm onset occurs at ~ 21:00 UT,
with a SML diversion of -600 nT, PC indices of similar values to the previous onset and
during increased solar wind speed.

For 1st November 2021, a substorm onset is observed after the dayside reconnec-
tion rate decreases from 50 MV. SML values exhibit the second largest diversion of the
interval; peaking close to -750 nT. The corresponding peaks in the PC indices exhibit
assymetry; the PC(S) index falls to nearly half of it’s original value at ~ 2.5 mVm™!,
while the PC(N) index falls to ~ 4 mVm~!. While the SML profile around 04:00 UT
contains the largest diversion for the 1st November 2021, smaller fluctuations occur un-
til another questionable, smaller onset is seen at 10:00 UT. These high latitude current
fluctuations occur while the ring current is recovering from storm-time conditions on av-
erage, although the SYM-H behaviour local to 04:00 UT is again decreasing, suggest-
ing a minor introduction of solar wind particles.

When comparing SML values for time periods identified as substorm onset by var-
ious observational signatures, Forsyth et al. (2015) found the largest of the median SML
diversion was -200 nT, for the event list of Newell and Gjerloev (2011). Coxon et al. (2014)
found that typical substorms have an average SML disturbance of -400 nT. Although
“supersubstorms” can produce diversions of -2700 nT (Nishimura et al., 2020), this im-
plies that the substorm onsets seen during this interval are large compared to phenom-
ena typically classified as a substorm.

Figures 2d and 2e also show observations that serve as a proxy for the geomagnetic
response, albeit on different scales. The following Section 2.3 accounts for the AKR ob-
servations of Figure 2d and attempts to infer dayside magnetospheric dynamics via con-
jugate auroral observations. The aforementioned SYM-H in Figure 2e is described in Sec-
tion 2.1.

2.3 AKR and Dayside Aurora

Figure 2d shows observations of AKR from Wind/WAVES/RADI1 following appli-
cation of the process described in J. E. Waters et al. (2021). The Wind spacecraft was
located at L1 during the entire interval. As AKR source regions are usually found on the
nightside and the beaming is highly directed, Wind cannot readily observe AKR, from
substorm-associated auroral dynamics while it is at L1 (Mutel et al., 2008; J. E. Waters
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et al., 2021; Fogg et al., 2022). Previous observations have also revealed AKR sources
more widely distributed in the dusk and even dayside sectors (Mutel et al., 2008), as well
as other mechanisms for dayside sources such as cusp aurora and transpolar arcs (e.g.,
Alexander & Kaiser, 1977; Pedersen et al., 1992; Hanasz et al., 2000; Mutel et al., 2004).
Although some emission retained by the selection here is sparse at typical AKR frequen-
cies (100-700 kHz (Morioka et al., 2007, 2013)), sometimes observed to occur for the time
of a single frequency sweep (3 minutes), there are also periods of longer, continuous bursts.
Intense emission at low frequencies, ~ 30 kHz at ~18:00 on 28th October 2021, is due

to excited electrons in local plasma at the arrival of the solar type III electron beam at
the instrument (Klein et al., 2022), and not AKR.

Sustained AKR bursts are seen after 30th October 2021, the most prominent just
before 06:00 UT, lasting 2 hours between 250-500 kHz and for a 9 hour period from ~03:00
UT on 1st November 2021. The latter, most significant observations of AKR are seen
on 1st November 2021; emission is observed from 03:00 to 11:00 UT between ~80-500
kHz and is the most intense in this interval. Bursts of emission between 80-150 kHz are
more intense than other AKR observed on this date, and exhibit apparent periodicity
of ~2 hours. Fainter AKR is observed at higher frequencies (150-500 kHz).

Each observed AKR burst coincides with an SML diversion <-250nT. However,
some of the intervals of largest SML diversion see no AKR observations. Notably, sub-
storm onsets at 22:15 UT on 30th October and 13:00 UT on 31st October are not ac-
companied by significant AKR observations. While short, sporadic AKR observations
are made on the 31st October, they are minor considering this is the largest substorm
onset observed for the period. Observations on the 1st November are similar, with the
more sustained (30-60 min), apparently periodic bursts of AKR following substorm on-
set.

While sources of AKR production on the dayside magnetosphere do exist, it is dif-
ficult to discern these from AKR observations and accompanying geomagnetic indices
directly, due to the differing scale of the associated plasma dynamics. While it cannot
be assumed that L1 observations represent the entirety of the global AKR spectrum, it
is also true that the lack of AKR does not immediately imply its absence due to the afore-
mentioned viewing constraints. As well as dayside sources of AKR, illumination of Wind/WAVES
by AKR sources could be due to the emission cone of duskside source regions under chang-
ing magnetospheric conditions such as the latitudinal extent of the aurora. To aid the
interpretation of the AKR observations and disentangle the viewing and magnetospheric
driving effects, we employ UV auroral observations from the DMSP/SSUSI instrument
(Paxton et al., 1992; Carter et al., 2018).

The SSUSI instrument consists of a scanning spectrometer that observes the au-
rora in select wavelengths, capturing electron precipitation through their interaction with
the ionosphere. As a DMSP spacecraft passes over the pole, taking ~20 minutes, obser-
vations of segments perpendicular to the footpath of the satellite are made. For this anal-
ysis, SSUSI observations of auroral radiance and the corresponding position in the oval
are binned over 15 seconds and averaged to give values representing a relatively small
local area. We use data from the DMSP F18 spacecraft and the LBHS channel (N2 emis-
sion, 140-150 nm). To discern the AKR origin from UV aurora, SSUSI observations of
the dayside oval from each polar pass are subset into 4 hour wide magnetic local time
(MLT) sectors. Given the slight variation in spacecraft trajectory for each orbit and sub-
sequent spatial sampling, each MLT sector for each orbit has a differing number of data
included, also varying between orbits. The sampling of SSUSI dictates that comparisons
between the AKR and auroral emission cannot be quantified certainly on timescales less
than approximately 40 minutes, so data in each sector are averaged. The time represent-
ing these averages is the median observation time of the orbital pass.
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Figure 3. a) Mean and b) 90th percentile of electron auroral radiances for 4 hour wide MLT
sectors on the dayside, with each marker representing selected DMSP /SSUSI observations. c)
Fractional emitted AKR power from Wind/WAVES, integrated between 30-650 kHz. d) LT and

e) latitude of Wind in the solar magnetic coordinate system.



276 Figure 3 shows the SSUSI observations of UV auroral radiance in kR, reduced over
217 each orbit of the DMSP F18 spacecraft for this period and subset in MLT sectors 06:00-
278 10:00, 10:00-14:00 and 14:00-18:00 hours. Panels a and b show the mean averaged and

279 90th percentile values of the auroral radiances for each MLT sector. Also shown is the
280 AKR power (c), integrated between 30-650 kHz, and the LT (d) and latitude (e) of the
281 Wind spacecraft in the geocentric solar ecliptic and solar magnetic (SM) coordinate sys-
28 tems, respectively. The latter show the slowly varying LT of Wind as it orbits L1, and
283 the SM latitude varies as the magnetic dipole tilts with the diurnal rotation.

284 The afternoon sector (14:00-18:00 MLT) exhibits the brightest mean auroral ra-

285 diance (Figure 3a) of the dayside for these observations, reaching the maximum of 0.39
286 kR at around 13:00 UT on 31st October 2021, the same time as the largest substorm on-
287 set here. Although peaks in auroral radiance with similar magnitude occur in the after-
288 noon sector at other times in this 3 day period, the orbital pass centred closest to 13:00
289 UT also observes aurora in the morning sector that is uncommonly bright for these ob-
200 servations at 0.37 kR. Figure 3b shows the 90th percentile from each MLT sector, rep-
201 resenting extreme occurrences and likely the presence of bright, discrete aurora for val-
200 ues much higher than the mean. This is true for the afternoon sector where peak 90th
203 percentile values are between 2-3 times that of the mean. Extreme values in other MLT
204 sectors exhibit similar values to the mean, suggesting either that their aurora is diffuse
205 or that there are not many data observed in those sectors for those orbital passes.

206 The AKR observations are shown here in terms of the power in Wsr—!, and are

207 derived directly from the flux density in Figure 2d. Observed AKR bursts for this pe-

208 riod exhibit a peak power of ~10° Wsr—!. The most powerful AKR burst, with a peak

209 at ~10:15 UT, reaches > 10" Wsr~!. The average AKR power observed by Wind between

300 1995-2004, and from LTs between 11:30-12:30, is between 5x10* and 6x10* Wsr—! (J. W. Wa-

301 ters et al., 2022). The median AKR power observed for this period from 12:00 LT is 6.4x10* Wsr—1.
302 With the exception of the peak in the auroral radiance at 13:00 UT on 31st October 2021,

303 the bright, discrete auroral emissions in the afternoon sector are accompanied by AKR

304 bursts.

305 As AKR source regions exist on high latitude magnetic field lines, they will tilt with
306 the magnetic axis as Farth rotates. Figures 3¢ and 3e show that, generally, AKR is ob-

307 served from L1 when Wind is furthest from the magnetic equator. This agrees with pre-

308 vious studies of the effect of the observer latitude on AKR viewing (Lamy et al., 2010;

309 J. E. Waters et al., 2021), and is expected given the beaming from the source region (Mutel

310 et al., 2008). This would also explain the lack of observed AKR during the strongest sub-
31 storm onset of the period at 13:00 on 31st October 2021, with which the bright auro-
312 ral radiance is associated.

313 However, with the remote sensing observations here, it is difficult to discern the true
314 nature of the observations; while SSUSI observations exhibit auroral brightenings, the

315 latitude, longitudinal extent and the auroral intensity below regions of strong upward

316 FAC that would generate AKR could combine to influence the measurements. A statis-
317 tical study of L1 observations and latitudinal effects is needed to properly discern be-

318 tween viewing effects or a lack of AKR bursting on the dayside. However, it is clear that
319 the observed AKR power is related to bright auroral structures between 14:00-18:00 MLT.
320 Previous mapping of AKR sources to discrete auroral structures (Huff et al., 1988; Me-

e nietti et al., 2011; Yearby & Pickett, 2022) and the presence of strong upward FACs re-
32 quired for their existence suggest this is the auroral source of the AKR. These structures
33 are likely to be associated with the ionospheric current system that travels Westward at
324 substorm onset, given the SML profile for this period. These AKR observations are thus
325 the first to be made from L1 in a case study context, and are the first to show dayside

326 AKR sources likely associated with substorm onset.
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3 Summary

An ICME that erupted from the Sun on 28th October 2021 was accompanied by
an X1.0 class solar flare and intense radio emissions, with SEPs producing GLEs mea-
sured at Earth. The associated magnetic structures rapidly induced an SSC geomagnetic
storm when they reached Earth ~ 2 days later, revealed in the OMNI solar wind obser-
vations and the SYM-H geomagnetic index. Using derivative measures of solar wind pa-
rameters, namely the Milan et al. (2012) dayside reconnection rate, and of ground mag-
netometers in the PC and SuperMAG indices, we showed the subsequent transport of
plasma across the magnetosphere and the resulting current dynamics, indicating the pres-
ence of substorm onset prior to and following the initial dynamic pressure enhancement
at 19:00 on 30th October 2021.

Novel observations of AKR by Wind at L1 are presented, that show bursts that
exceed the 10 year average from the same LT by 3 orders of magnitude. Bursts are ob-
served when Wind is further from the magnetic equator, suggesting a longitudinal and
latitudinal viewing effect. SSUSI auroral observations show discrete aurora in the after-
noon sector that correlate with the bursts, and an occasion of diffuse aurora in the morn-
ing sector during AKR. This makes direct inference of a dayside AKR source uncertain
but likely corresponds to the discrete aurora for this period, which also correlates with
nightside substorm activity. While L1 observations are useful when comprehensive con-
jugate observations are available, more work is needed to supplement usual proxies of
magnetospheric disturbance with remote Wind/WAVES radio measurements of AKR
from L1.
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