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Sun, solar wind and the magnetosphere

Earth's magnetosphere and the Sun

o Earth’s inner dynamo generates a magnetosphere
@ constant flow of solar wind interacts with the magnetosphere in
various ways

@ energetic particles, geomagnetic storms, radiation,...
— space weather: phenomena in the near-Earth space that can affect

life and infrastructure
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Sun, solar wind and the magnetosphere

Solar cycles

@ Sun has a1l

.. Solar cycle 23
year activity

200
cycle, often
. g 150 1
described by 8
sunspot number 51007
@ amount of 2 501

large-scale solar
wind structures
varies
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Sun, solar wind and the magnetosphere

Interplanetary coronal mass ejections (ICMEs)

@ powerful ejections of plasma
from the Sun

@ flux rope structure

o fast ICMEs create shocks,
sheath region forms

@ interaction with Earth's
magnetosphere results in the
strongest geomagnetic
disturbances
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Sun, solar wind and the magnetosphere

High-speed streams

o fast, low-density solar wind,
velocity 500-800 km/s

@ originated from coronal holes

@ compresses slow wind — stream
interaction region

@ can cause reoccurring
magnetospheric disturbances

[image source]
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https://en.wikipedia.org/wiki/Coronal_hole

ULF waves

ULF waves

@ ultra low frequency
(ULF) pulsations in the
Earth's magnetic field

@ often categorized to
continuous (Pc) and
irregular (Pi) waves that
are divided based on
frequency (Pcl1-5 and
Pi1-3)

@ focus on Pc5 waves

The Classification of ULF Waves

Irregular

WaveType

Continuous

162 10"
Frequency Hertz

Image source

Irregular Pulsations
Low edge High edge
Class Period (s) Period (s)
Pi2 150 45
Pil 45 1

Continuous Pulsations
Low cdge High edge
Class Period (s) Period (s

Pc5 600 150
Pcd 150 45
Pc3 45 10
Pe2 10 5
Pcl 5 0.2
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https://ui.adsabs.harvard.edu/abs/2005SGeo...26..545M

ULF waves

Why ULF waves?

@ Earth has two radiation belts

@ high energy electrons cause
damage to satellite electronics

@ Pcbh wave activity associated
with high relativistic electron
flux: the waves have suitable
frequencies for accelerating
electrons

[image source]
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https://www.oeaw.ac.at/fileadmin/_processed_/e/2/csm_FG_Weltraumplasmaphysik_f7df8c62ae.jpg

ULF waves

ULF waves

@ various generation
mechanisms, e.g.
Kelvin-Helmholtz
instability on the
magnetopause —
correlation with solar
wind velocity

— e "

o divided to poloidal, by

toroidal and . -
) hi : Parallel D : Antiparallel
compressional waves
@ toroidal waves most Image source
commonly observed on
ground
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https://ui.adsabs.harvard.edu/abs/2005SGeo...26..545M

ULF waves

ULF waves

@ wave activity known to depend on magnetic local time (MLT)

@ wave activity known to strengthen during ICMEs and HSSs

Question 1

How does the Pch activity depend on MLT and large-scale solar wind
structures?

Question 2
How does the Pch activity vary during individual geomagnetic storms?
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ULF waves

Pcb MLTd index

@ ground-based magnetometer
measurements from SuperMAG

@ wave activity index to quantify
the amount of Pcb frequency
range activity

@ using either horizontal (H)
component or N/E components 6 dawn 18
of the geomagnetic field

@ separate indices for MLT

quadrants: midnight
e dawn: 3-9 MLT
e noon: 9-15 MLT 00
e dusk: 15-21 MLT
e midnight: 21-3 MLT
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Results

Distribution of the Pch index

Pc5 MLTd index, lat. 60-70 in SC 23

Global

. . —— mean 49.90
@ Normalized histogram of the 0.25 — stdev 197.54

global Pch index during solar
cycle 23 (1996-2008)

@ Resembles a log-normal
distribution, but the peak is
barely distinguished from zero
and the tail has too much
volume

0 5 10 15 20
Pc5 MLTd index
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Results

Pc5 activity during the solar cycle

Pc5 MLTd index during solar cycle 23

500 Hourly global index and smoothed MLT quadrant indices

400
300
200

100

@ clear solar cycle

0
dependence 199 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

. 200 Yearly mean
e MLT differences

175
vary 150

125

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
dawn noon  —=— dusk —v— midnight
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Results

Pc5 activity during solar wind structures

event type = HSS event type = Sheath

400

@ sorted to HSS, ICME 200
sheath region, ICME
ejecta and no structure

o ICME related activity . . 1
hlgh 0- 1

. event type = ICME ejecta event type = no structure
o MLT differences are

Pc5 index

large, dawn is strongest "

in ICMEs gm

@ event length affects a §2°°’

lot: sheaths are short, 100

HSSs are long .
Idawn Inoon Idusk  Imidnight Idawn Inoon Idusk  Imidnight

MLT quadrant MLT quadrant
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Results

Event comparisons

@ Comparing two pairs of geomagnetic storms, selected based on similar
Dst profiles.

@ Comparing N- and E-component wave indices in different MLT
quadrants

@ Solar wind parameters from OMNI data for reference
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Results

ICME 21.4.1997 and HSS 11.2.2004
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Results

ICME 21.4.1997 and HSS 11.2.2004

Why are they different?
@ Not sure!

o Differences in solar wind velocity and density
— different processes driving the wave activity?
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Results

Conclusions

@ not yet finished
o MLT differences similar to many previous studies on the topic

@ addition of a narrowband wave index?
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Summary

Summary

@ ULF waves are an important part of the magnetosphere dynamics and
are influenced by the solar wind
@ Pcbh activity depends heavily on magnetic local time

@ wave activity varies a lot during geomagnetic storms
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Thank you!

Questions?
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Summary
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