Analysis of Magnetic Perturbation Events During Strong Substorm Expansion Phases
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Introduction Summary

» This study investigates the impact of powerful space weather events, known

Studied two intense substorm events on December 10 and 20, 2015, using THEMIS and SuperMAG data, revealing GMD development and propagation. Disturbances progressed poleward from 64°-70° to

as substorms, on Earth’s magnetic field, which can disrupt power grids and
satellites. 70°-75° magnetic latitudes over 20-30 minutes, linked to substorm current wedge and westward electrojet intensification. THEMIS data showed magnetotail dynamics (dipolarization, 200-400 km/s flows)

> The research analyzed two significant substorms in December 2015 using preceded SML drops by ~7 minutes, tying magnetospheric changes to 1onospheric currents. SECS analysis found vertical current density peaking at ~8-10 uA/m? over the Canadian Arctic, matching ground

data from spacecraft (THEMIS) and ground-based magnetometers across . . . . o . . .
perturbations (e.g., £20 nT/s at INUK). GOES-13 data showed magnetic field reconfiguration and particle energization during the substorm expansion phase. Results trace substorm effects from magnetotail

Canada.

to ground disturbances, highlighting localized currents’ role in GMD variability.

» Magnetic disturbances were observed to initiate at lower latitudes
(approximately 64—70° MLAT) and shift toward higher latitudes (up to 75°

MLAT) over a period of 20-30 minutes. Dece m be I 10, 20 1 5 S U bStO 'm

» These disturbances were driven by changes in the magnetosphere, where
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associated with vibrant auroras.

» The findings enhance our understanding of the connection between space
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weather and ground-level effects, aiding in improved predictions to
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Panels (a—d) show THEMIS-E data from 04:30—
05:30 UT on 20 Dec 2015: (a) magnetic field
(GSM), (b—) 1on flow and density, and (d) 1on
temperature.

safeguard technology.

®  Panels (a—d) show THEMIS-E data from 03:30-05:30 UT
on 10 Dec 2015: (a) magnetic field (GSM), (b—) ion flow
and density, and (d) 1on temperature.

Data

» The main analysis utilizes magnetic field and ion moment data from THEMIS
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GOES 13 Data: Dec 10, 2015

GOES 13 Data: Dec 20, 2015
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A, D, and E satellites (Angelopoulos, 2008), alongside ground-based data.

» Vector magnetometer measurements are sourced from nine stations across
Eastern Arctic Canada, drawn from the MACCS (Engebretson et al., 1995),
AUTUMNX (Connors et al., 2016), CARISMA (Mann et al., 2008), and

CANMOS (Nikitina et al., 2016) arrays. pe— i
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