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Motivation

• In a collisionless magnetosphere, plasma waves are the primary mechanism
for energy and momentum transfers across particle populations [4, 11]

• EMIC waves lead to losses of ring current ions and of radiation belt electrons
as well as heating of cold electrons [e.g. 1, 16]

• Overlapping spacecraft missions in Earth’s inner magnetosphere enable as-
sessment of instantaneous regions of EMIC activity

• Science Question: Where and how are inner magnetosphere EMIC waves
generated in response to initial compressions by geomagnetic storms?

Methods

• Combined satellite magnetic field observations
– 10 satellites from Van Allen Probes, MMS, THEMIS, and GOES
– September 2015 - October 2019
– 79 geomagnetic storms, 23 with well-defined initial phases (adapted from

the Pedersen et al. (2024) list [7])
• EMIC wave detection algorithm
– Similar to Bortnik et al. (2007) [3]
– Only events inside the magnetopause (modeled by Shue et al. (1998) [9])
– Manual adjustments to rule out false detections

• EMIC detections and regions of activity to determine spatial distribution
• Comparison of EMIC detections to time elapsed in initial phase and storm
parameters to determine differences between dayside and nightside activity

Figure: EMIC detection process for the initial phase on December 14, 2015 including a) spectrograms from
all 10 spacecraft with EMIC wave start (solid) and end (dashed) times in pink, b) solar wind and geomagnetic
parameters for the entire storm, and c) EMIC detections along satellite orbits

Background

• EMIC waves are generated in the Earth’s inner magnetosphere by anisotropic ion distributions with energies of approximately 1 - 100 keV
and can be measured in the range from 0.1 - 5 Hz [5, 12, 16]

• Waves are often more prevalent during increased geomagnetic activity [10] with occurrence rates up to 10% [e.g. 6, 8, 14]
– When present, an initial phase compresses the dayside of the magnetosphere and can increase the geomagnetic field strength to trigger

ion temperature anisotropy and wave generation there [2, 10, 13, 14, 16, 15]
– In the main and recovery phases, temperature anisotropy can adiabatically develop when ions injected from the magnetotail are convected

into the inner magnetosphere [12]

Distribution of EMIC Waves

Figure: Spatial distribution of
EMIC waves including a) individ-
ual regions of activity for the De-
cember 19, 2015 initial phase, b)
regions of activity for all 23 initial
phases, and c) dwell time (min-
utes) for all observations inside
the magnetopause

Figure: Temporal distribution of EMIC
waves including a) all EMIC detections
in L-MLT coordinates colored by elapsed
time, b) all EMIC detections in elapsed
time vs MLT colored by L-shell, and c)
EMIC detections in the first 120 minutes
of storms colored by shock impact angle

Conclusions

• Over 50% of initial phases had EMIC activity on the
nightside, contrary to our hypothesis.

• Dayside activity dominates the beginning of an initial
phase, as expected. There is a lag of at least 35 min-
utes before nightside EMIC waves begin.
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Solar Wind and Geomagnetic Drivers

Figure: Comparison of solar wind dynamic pressure and AE index in dayside vs nightside EMIC activity with all
observations in red, EMIC observations in teal, and occurrence rates in black with error bars of Wilson score intervals
with a 95% significance level

Conclusions

• Differences between dayside and nightside waves can be seen in the shock
impact angle, inbound solar wind pressure, and median AE index value.
– Frontal shocks drive dayside EMIC activity while oblique shocks are more

often associated with nightside EMIC activity.
– Dayside EMIC activity occurrence rates increase with inbound solar wind

pressure. In the nightside magnetosphere, once a threshold is met (> 3 nPa),
there is a similar likelihood that EMIC activity will occur regardless of the in-
bound solar wind pressure.

– Dayside EMIC occurrence rates increase with increasing substorm activity
while nightside occurrence rates are lowest for the highest AE levels.
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