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Sun-Earth Interactions
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Who am I?

 2007–2011

 MMath   University of Sheffield

 2011–2015

 PhD   University of Sheffield &
    Armagh Observatory

 2015–2022

 Various Post-Docs University of Sheffield &
    Queen’s University Belfast

 2022–Present

 Research Fellow European Space Research and Technology Centre, 
      European Space Agency
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Who am I?
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Who am I?

Dunn Solar 
Telescope

Swedish Solar 
Telescope

GREGOR

Began my career by gaining 
experience in experimental 
observational solar physics by 
spending (a lot of) time at 
three different ground-based 
solar telescopes. 

Many of these opportunities 
came about through funding 
from the SOLARNET project.

I am also a member of the 
Science Advisory Group for 
the next generation European 
Solar Telescope.
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Who am I?

Interface Region Imaging 
Spectrograph

Solar Orbiter

More recently, I have also 
become involved in space-borne 
missions such as NASA’s 
Interface Region Imaging 
Spectrograph (IRIS) as a 
Science Planner and the 
European Space Agency’s Solar 
Orbiter as a Solar Orbiter 
Observing Plan (SOOP) 
Coordinator.
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Who am I?

I am interested in how energy is 
transported from the lower layers 
of the solar atmosphere into the 
upper layers of the solar 
atmosphere, and how it is 
dissipated when it gets there.

For this, we need a combination of 
ground-based instruments (which 
are very good at observing the 
lower solar atmosphere) and 
space-borne instruments (which 
are very good at observing the 
upper solar atmosphere).
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Overview

1. Introduction to magnetic waveguides

2. Introduction to magnetohydrodynamic (MHD) waves

3. Introduction to MHD instabilities
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Introduction to the solar atmosphere

Introduction to magnetic waveguides
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The Photosphere

Credit: NSO/NSF/AURA

The photosphere is the lowest 
region of the Sun that we can 

directly observe.

Temperature ~ 6000 K

Density ~ 1023 m-3

Height ~ <600 km

In the quiet-Sun, the photosphere 

is dominated by granular motions 
and magnetic bright points. In 
Active Regions, it is dominated by 

large-scale sunspots and pores.
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The Chromosphere

Credit: SST/CHROMIS

Above the photosphere, 
lies the complex and 

dynamic chromosphere. 

Temperature ~ <50000 K

Density ~ 1019 m-3

Height ~ 600-2000 km

The chromosphere is 
dominated by long, thin 

fibril structures which 
seem almost horizontal 

in nature. 
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The Transition Region

Credit: IRIS/LMSAL/NASA

The transition region is a thin 
region above the chromosphere 

where the temperature rises 
extremely quickly.

Temperature ~ 50000-100000 K
Density ~ 1016 m-3

Height ~ 2000 km

Host to a range of features and 

physical processes which all 
combine to make this region 

extremely complicated to model.
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The Corona

The vast region stretching out into 
space above the transition region.

Temperature ~ 100000< K
Density ~ <1015 m-3

Height ~ 2000< km

This region is host to one of the 
longest standing puzzles in 

astrophysics, namely the ‘solar 
coronal heating problem’. How energy 
is transported to and dissipated in this 

region to heat the plasma remains a 
well-studied and popular mystery. Credit: Hi-C/NASA
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The Solar Atmosphere
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Sunspots

Nelson et al., A&A, 2017

Earth-sized regions of strong 
magnetic field contained within 

active regions most clearly seen in 
the photosphere. 

Magnetic field strengths ~ 2000 G<
Diameters ~ 20 Mm<

Lifetimes ~ Days

The lower intensity within the 

sunspot ‘umbra’ is a result of the 
strong magnetic field inhibiting 

convection and, therefore, lowering 
the local temperature.
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Sunspots

Credit: IRIS, LMSAL/NASA, Don Schmit



17

Sunspots

Credit: IRIS, LMSAL/NASA, Wei Liu
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Coronal Loops

Zaitsev, Geo. & Aero., 2019

Long, thin strands of plasma 
tracking the magnetic field 

within the corona. These 
events highlight the 
connectivity in the upper 

atmosphere between positive 
and negative magnetic field 

regions in the photosphere.

Typical lengths ~ 100< Mm

Temperatures ~ 600000< K
Lifetimes ~ Hours
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Coronal Loops

Long, thin strands of plasma 
tracking the magnetic field 

within the corona. These 
events highlight the 
connectivity in the upper 

atmosphere between positive 
and negative magnetic field 

regions in the photosphere.

Typical lengths ~ 100< Mm

Temperatures ~ 600000< K
Lifetimes ~ Hours

Credit: NASA/TRACE
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Coronal Loops

Li et al., A&A, 2021
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Coronal Loops

Mandal et al., A&A, 2022
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The Solar Atmosphere

• Highly stratified – Densities, temperatures, and other physical 

parameters vary by several orders of magnitude over distances of 
tens or hundreds of km
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The Solar Atmosphere

• Highly stratified – Densities, temperatures, and other physical 

parameters vary by several orders of magnitude over distances of 
tens or hundreds of km

Aschwanden (2004)
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The Solar Atmosphere

• Highly stratified – Densities, temperatures, and other physical 

parameters vary by several orders of magnitude over distances of 
tens or hundreds of km

• Highly structured – Filled with features such as sunspots, spicules, 
coronal loops.
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The Solar Atmosphere

• Highly stratified – Densities, temperatures, and other physical 

parameters vary by several orders of magnitude over distances of 
tens or hundreds of km

• Highly structured – Filled with features such as sunspots, spicules, 
coronal loops.

Wedemeyer et al. (2015)
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The Solar Atmosphere

• Highly stratified – Densities, temperatures, and other physical 

parameters vary by several orders of magnitude over distances of 
tens or hundreds of km

• Highly structured – Filled with features such as sunspots, spicules, 
coronal loops.

• Highly dynamic – Structures evolve over time-scales of seconds, 
minutes, or hours.
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The Solar Atmosphere

• Highly stratified – Densities, temperatures, and other physical 

parameters vary by several orders of magnitude over distances of 
tens or hundreds of km

• Highly structured – Filled with features such as sunspots, spicules, 
coronal loops.

• Highly dynamic – Structures evolve over time-scales of seconds, 
minutes, or hours.

• Highly complex – Different physics required to describe the 

behaviour of the solar atmosphere at different locations.
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Introduction to MHD Waves

Introduction to MHD Waves

Geodbloed & Poedts, Principles of Magnetohydrodynamics, 2004
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Ideal MHD Equations

𝜕𝜌

𝜕𝑡
+ ∇ 𝜌𝐕 = 0

𝑑

𝑑𝑡

𝑃

𝜌𝛾
= 0

𝜌
𝑑𝐕

𝑑𝑡
= −∇𝑃 −

1

𝜇0

𝐁 × (∇ × 𝐁)

𝜕𝑩

𝜕𝑡
= ∇ × (𝐕 × 𝐁)

∇ ∙ 𝐁 = 0

The ideal MHD equations 
describe the relationships 

between the magnetic field, 
velocity, pressure, and 
density in a plasma.  

They apply only in specific 

conditions, namely, in large-
scale (relative to the ion 
gyroradius), slow (relative to 

the ion gyroperiod) processes 
in non-relativistic plasmas. 

Mass 
Continuity

Energy 
Equation

Euler’s 
Equation

Induction 
Equation

Solenoidal 
Condition
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Magnetohydrostatics

𝜕𝜌

𝜕𝑡
+ ∇ 𝜌𝐕 = 0

𝑑

𝑑𝑡

𝑃

𝜌𝛾
= 0

𝜌
𝑑𝐕

𝑑𝑡
= −∇𝑃 −

1

𝜇0

𝐁 × (∇ × 𝐁)

𝜕𝑩

𝜕𝑡
= ∇ × (𝐕 × 𝐁)

∇ ∙ 𝐁 = 0

Mass 
Continuity

Energy 
Equation

Euler’s 
Equation

Induction 
Equation

Solenoidal 
Condition

𝜕

𝜕𝑡
= 0

𝐕 = 0
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Magnetohydrostatics

𝜕𝜌

𝜕𝑡
+ ∇ 𝜌𝐕 = 0

𝑑

𝑑𝑡

𝑃

𝜌𝛾
= 0

𝜌
𝑑𝐕

𝑑𝑡
= −∇𝑃 −

1

𝜇0

𝐁 × (∇ × 𝐁)

𝜕𝑩

𝜕𝑡
= ∇ × (𝐕 × 𝐁)

∇ ∙ 𝐁 = 0

Mass 
Continuity

Energy 
Equation

Euler’s 
Equation

Induction 
Equation

Solenoidal 
Condition

𝜕

𝜕𝑡
= 0

𝐕 = 0
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Magnetohydrostatics

−∇𝑃 −
1

𝜇0

𝐁 × ∇ × 𝐁 = 0

We are left with:

Which can be rewritten as:

−∇𝑃 − ∇
𝐵2

2𝜇0

+
1

𝜇0

𝐁 ∙ ∇ 𝐁 = 0
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Magnetohydrostatics

−∇𝑃 −
1

𝜇0

𝐁 × ∇ × 𝐁 = 0

We are left with:

Which can be rewritten as:

−∇𝑃 − ∇
𝐵2

2𝜇0

+
1

𝜇0

𝐁 ∙ ∇ 𝐁 = 0

Gradient of the
gas pressure Gradient of the

magnetic pressure

Magnetic 
tension
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Plasma Beta

If we calculate the ratio of the gas and magnetic pressures, we obtain a 
value known as the ‘plasma beta’:

𝛽 ≡
𝑃

𝐵2/2𝜇0

This term, essentially, tells us whether the gas or the magnetic field is 
the dominant mechanism in a specific region of plasma. Rewriting this 

term such that:
𝛽 = 3.5 × 10−21𝑛𝑇𝐵−2

allows us to estimate the plasma beta in specific regions.

In a granule: 𝑛 = 1023 m-3, 𝑇 = 6000 K, and 𝐵 = 100 G returns 𝛽 = 210

In a sunspot: 𝑛 = 1023 m-3, 𝑇 = 6000 K, and 𝐵 = 2000 G returns 𝛽 = 0.5
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Magnetohydrodynamics

𝜕𝜌

𝜕𝑡
+ ∇ 𝜌𝐕 = 0

𝑑

𝑑𝑡

𝑃

𝜌𝛾
= 0

𝜌
𝑑𝐕

𝑑𝑡

= −∇𝑃 −
1

𝜇0

𝐁 × (∇ × 𝐁)𝜕𝑩

𝜕𝑡
= ∇ × (𝐕 × 𝐁)
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Magnetohydrodynamics

𝜕𝜌

𝜕𝑡
+ ∇ 𝜌𝐕 = 0

𝑑

𝑑𝑡

𝑃

𝜌𝛾
= 0

𝜌
𝑑𝐕

𝑑𝑡

= −∇𝑃 −
1

𝜇0

𝐁 × (∇ × 𝐁)𝜕𝑩

𝜕𝑡
= ∇ × (𝐕 × 𝐁)

ASSUMPTIONS

No stratification – The density and pressure 
are constant everywhere

No structuring – The magnetic field is purely 
vertical and is constant everywhere
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Magnetohydrodynamics

𝜕𝜌

𝜕𝑡
+ ∇ 𝜌𝐕 = 0

𝑑

𝑑𝑡

𝑃

𝜌𝛾
= 0

𝜌
𝑑𝐕

𝑑𝑡

= −∇𝑃 −
1

𝜇0

𝐁 × (∇ × 𝐁)𝜕𝑩

𝜕𝑡
= ∇ × (𝐕 × 𝐁)

𝐁 = 𝐁𝟎 + 𝐁𝟏(𝑟, 𝑡)
𝐕 = 0 + 𝐕𝟏(𝑟, 𝑡)
P = 𝑃0 + 𝑃1(r, t)
𝜌 = 𝜌0 + 𝜌1(r, t)
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Magnetohydrodynamics

Assume these 
perturbations are small

𝜕𝜌

𝜕𝑡
+ ∇ 𝜌𝐕 = 0

𝑑

𝑑𝑡

𝑃

𝜌𝛾
= 0

𝜌
𝑑𝐕

𝑑𝑡

= −∇𝑃 −
1

𝜇0

𝐁 × (∇ × 𝐁)𝜕𝑩

𝜕𝑡
= ∇ × (𝐕 × 𝐁)

𝐁 = 𝐁𝟎 + 𝐁𝟏(𝑟, 𝑡)
𝐕 = 0 + 𝐕𝟏(𝑟, 𝑡)
P = 𝑃0 + 𝑃1(r, t)
𝜌 = 𝜌0 + 𝜌1(r, t)



40

Magnetohydrodynamics

𝜕𝜌

𝜕𝑡
+ ∇ 𝜌𝐕 = 0

𝑑

𝑑𝑡

𝑃

𝜌𝛾
= 0

𝜌
𝑑𝐕

𝑑𝑡

= −∇𝑃 −
1

𝜇0

𝐁 × (∇ × 𝐁)𝜕𝑩

𝜕𝑡
= ∇ × (𝐕 × 𝐁)

𝐁 = 𝐁𝟎 + 𝐁𝟏(𝑟, 𝑡)
𝐕 = 0 + 𝐕𝟏(𝑟, 𝑡)
P = 𝑃0 + 𝑃1(r, t)
𝜌 = 𝜌0 + 𝜌1(r, t)

𝜕𝜌1

𝜕𝑡
+ 𝜌0∇𝐕𝟏 = 0

𝜌0

𝑑𝐕𝟏

𝑑𝑡
= −∇𝑃1 −

1

𝜇0

𝐁𝟎 × (∇ × 𝐁1)

𝜕𝑩𝟏

𝜕𝑡
= ∇ × (𝐕𝟏 × 𝐁𝟎)

𝜕𝑃1

𝜕𝑡
−

𝛾𝑃0

𝜌0

𝜕𝜌1

𝜕𝑡
= 0
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Magnetohydrodynamics

𝜕𝜌1

𝜕𝑡
+ 𝜌0∇𝐕𝟏 = 0

𝜌0

𝑑𝐕𝟏

𝑑𝑡
= −∇𝑃1 −

1

𝜇0

𝐁𝟎 × (∇ × 𝐁1)

𝜕𝑩𝟏

𝜕𝑡
= ∇ × (𝐕𝟏 × 𝐁𝟎)

𝜕𝑃1

𝜕𝑡
−

𝛾𝑃0

𝜌0

𝜕𝜌1

𝜕𝑡
= 0

Let us assume we have a straight 
magnetic field in the xz-plane and 

plane waves propagating in the z-
direction, such that:

𝐁𝟎 = 𝐵0sinα𝐞𝐱 + 𝐵0cosα𝐞𝐳 ,

𝜕

𝜕𝑡
→ −𝑖𝜔,

∇→ ik.
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Magnetohydrodynamics

−𝑖𝜔𝜌1 + 𝑖𝑘𝜌0𝑉𝑧1 = 0,

−𝑖𝜔𝜌0𝑉𝑥1 −

𝑖𝑘𝐵0𝑐𝑜𝑠𝛼

𝜇0

𝐵𝑥1 = 0,

−𝑖𝜔𝜌0𝑉𝑦1 −

𝑖𝑘𝐵0𝑐𝑜𝑠𝛼

𝜇0

𝐵𝑦1 = 0,

−𝑖𝜔𝜌0𝑉𝑧1 +
𝑖𝑘𝑃1 +

𝑖𝑘𝐵0𝑠𝑖𝑛𝛼

𝜇0

𝐵𝑥1 = 0,

−𝑖𝜔𝐵𝑥1 + 𝑖𝑘𝐵0𝑠𝑖𝑛𝛼𝑉𝑧1 − 𝑖𝑘𝐵0𝑐𝑜𝑠𝛼𝑉𝑥1 = 0,

−𝑖𝜔𝐵𝑦1 + 𝑖𝑘𝐵0𝑐𝑜𝑠𝛼𝑉𝑦1 = 0,

−𝑖𝜔𝐵𝑧1 = 0,

−𝑖𝜔𝑃1 −
𝑖𝜔𝛾𝑃0

𝜌0

𝜌1 = 0,
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Alfvén Waves

−𝑖𝜔𝜌1 + 𝑖𝑘𝜌0𝑉𝑧1 = 0,

−𝑖𝜔𝜌0𝑉𝑥1 −

𝑖𝑘𝐵0𝑐𝑜𝑠𝛼

𝜇0

𝐵𝑥1 = 0,

−𝑖𝜔𝜌0𝑉𝑦1 −

𝑖𝑘𝐵0𝑐𝑜𝑠𝛼

𝜇0

𝐵𝑦1 = 0,

−𝑖𝜔𝜌0𝑉𝑧1 +
𝑖𝑘𝑃1 +

𝑖𝑘𝐵0𝑠𝑖𝑛𝛼

𝜇0

𝐵𝑥1 = 0,

−𝑖𝜔𝐵𝑥1 + 𝑖𝑘𝐵0𝑠𝑖𝑛𝛼𝑉𝑧1 − 𝑖𝑘𝐵0𝑐𝑜𝑠𝛼𝑉𝑥1 = 0,

−𝑖𝜔𝐵𝑦1 + 𝑖𝑘𝐵0𝑐𝑜𝑠𝛼𝑉𝑦1 = 0,

−𝑖𝜔𝐵𝑧1 = 0,

−𝑖𝜔𝑃1 −
𝑖𝜔𝛾𝑃0

𝜌0

𝜌1 = 0,

𝜔2 − 𝐶𝐴2cos2𝛼𝑘2 = 0

where  𝐶𝐴
2 =

𝐵0
2

𝜇0𝜌0

 is the 

square of the Alfvén speed.

This is the dispersion 
relation for Alfvén waves.

Terms in the y-direction 
decouple returning:
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Alfvén Waves

𝜔2 − 𝐶𝐴2cos2𝛼𝑘2 = 0

Key take-homes:

• Transverse waves – perpendicular to k.
• Only dependent on the magnetic field – no gas pressure 

terms.

• Non-compressible – no ability to perturb the density.
• Do not perturb the axis of the host structure.

Combined, these facts make Alfvén waves extremely 
difficult to observe.
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Alfvén Waves

𝜔2 − 𝐶𝐴2cos2𝛼𝑘2 = 0

Erdélyi & Fedun, Science, 2007
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Alfvén Waves – Cylindrial Geometry
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Alfvén Waves

Stangalini et al. (2021)
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Magnetoacoustic Waves

Manipulating the other linearised MHD equations gives:

𝜔2 − 𝐶𝐴2cos2𝛼𝑘2 𝜔2 − 𝐶𝑆2𝑘2 − 𝐶𝐴2sin2𝛼𝜔2𝑘2 = 0

where 𝐶𝑆
2 =

𝛾𝑃0

𝜌0

 is the square of the sound speed. This 4th 

order equation has two pairs of solutions corresponding to slow 
and fast magnetoacoustic waves.
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Magnetoacoustic Waves

Manipulating the other linearised MHD equations gives:

𝜔2 − 𝐶𝐴2cos2𝛼𝑘2 𝜔2 − 𝐶𝑆2𝑘2 − 𝐶𝐴2sin2𝛼𝜔2𝑘2 = 0

where 𝐶𝑆
2 =

𝛾𝑃0

𝜌0

 is the square of the sound speed. This 4th order 

equation has two pairs of solutions corresponding to slow and fast 
magnetoacoustic waves.

Key take-homes:
• Longitudinal waves – parallel to k.

• Both magnetic and gas pressure terms – return to acoustic 
waves if 𝐁𝟎 = 0.

• Highly compressible.

• Ability to perturb the axis of the host structure. 
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Magnetoacoustic Waves – Cylindrical Geometry

Sausage mode Kink mode
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Magnetoacoustic Waves – Cylindrical Geometry

Credit: NASA/TRACE
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MHD Seismology

Apply MHD equations in different geometries including 
other effects such as cooling, twist, partial ionisation
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MHD Seismology

Apply MHD equations in different geometries including 
other effects such as cooling, twist, partial ionisation

Derive properties of different wave types
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MHD Seismology

Apply MHD equations in different geometries including 
other effects such as cooling, twist, partial ionisation

Derive properties of different wave types

Compare these to observations of waves in the solar 
atmosphere
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MHD Seismology

Apply MHD equations in different geometries including 
other effects such as cooling, twist, partial ionisation

Derive properties of different wave types

Compare these to observations of waves in the solar 
atmosphere

Infer properties (temperature, density, magnetic field) 

about the background solar atmosphere
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MHD Seismology

Yang et al. (2020)
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Multi-Messenger Analyses
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Multi-Messenger Analyses

Zhong et al. Nature Communications, 2023
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Introduction to MHD Instabilities

Introduction to MHD Instabilities
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What is an instability?

Essentially, an instability is a runaway process that occurs when a magnetic 
configuration is perturbed from an unstable equilibrium state. MHD instabilities can 

have many different forms.

From numerous 

sources... 
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Introduction to MHD Instabilities

There are lots of different MHD instabilities. We certainly don’t have time to discuss 
them all. Some examples are:

• Kink instability

• Torus instability 

• Kelvin-Helmholtz instability

• Tearing mode instability

• Bouyancy instability

• Thermal instability

• Rayleigh–Taylor instability
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Kink instability

Browning et al. (2024)

Hood et al. (2009)Requires twist!
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Kink instability

Török & Kleim (2004)
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Rayleigh-Taylor instability

Khomenko et al. (2014)
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Rayleigh-Taylor instability

Requires different densities
Hillier et al. (2017)
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Thermal instability

Antolin (2020)

Requires heating events!
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Thermal instability – Coronal Rain

Credit: IRIS, LMSAL/NASA, Bart De Pontieu
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Thermal instability – Coronal Rain

Credit: IRIS, LMSAL/NASA, Ramada Sukarmadji
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Conclusions

MHD Waves and Instabilities are everywhere within the solar 
atmosphere. They could be important for atmospheric heating but 

also for driving dynamic Space Weather events.

Go out there and investigate them!
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ESA Science Research Fellowship

What?

➤ independent postdoctoral fellowship for ESA State nationals

➤ research project covering any topic in space science

➤ 2 + 1 years (proposal for 3rd year extension)

Where?

➤ ESTEC (Netherlands), ESAC (Spain) or STScI (USA)

Why?

➤ 100% research time (optionally <20% functional work, e.g. archive/data 

science, citizen science, operations, calibration, communication)

➤ insights into ESA environment & activities 

➤ mentoring from senior ESA Science Faculty members

➤ training available (e.g. spacecraft design, soft skills, management)

➤ 3500-4600€ net monthly salary (depending on location & experience)

➤ comprehensive health coverage

Website: https://www.cosmos.esa.int/web/space-science-faculty/opportunities/research-fellowships     contact: fellowship@cosmos.esa.int
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ESA Archival Research Programme

https://www.cosmos.esa.int/web/esdc/visitor-programme


	Slide 1
	Slide 2: Sun-Earth Interactions
	Slide 3: Who am I?
	Slide 4: Who am I?
	Slide 5: Who am I?
	Slide 6: Who am I?
	Slide 7: Who am I?
	Slide 8: Overview
	Slide 9: Introduction to the solar atmosphere
	Slide 10: The Photosphere
	Slide 11: The Chromosphere
	Slide 12: The Transition Region
	Slide 13: The Corona
	Slide 14: The Solar Atmosphere
	Slide 15: Sunspots
	Slide 16: Sunspots
	Slide 17: Sunspots
	Slide 18: Coronal Loops
	Slide 19: Coronal Loops
	Slide 20: Coronal Loops
	Slide 21: Coronal Loops
	Slide 22: The Solar Atmosphere
	Slide 23: The Solar Atmosphere
	Slide 24: The Solar Atmosphere
	Slide 25: The Solar Atmosphere
	Slide 26: The Solar Atmosphere
	Slide 27: The Solar Atmosphere
	Slide 28: The Solar Atmosphere
	Slide 29: Introduction to MHD Waves
	Slide 30: Ideal MHD Equations
	Slide 31: Magnetohydrostatics
	Slide 32: Magnetohydrostatics
	Slide 33: Magnetohydrostatics
	Slide 34: Magnetohydrostatics
	Slide 35: Plasma Beta
	Slide 36: Magnetohydrodynamics
	Slide 37: Magnetohydrodynamics
	Slide 38: Magnetohydrodynamics
	Slide 39: Magnetohydrodynamics
	Slide 40: Magnetohydrodynamics
	Slide 41: Magnetohydrodynamics
	Slide 42: Magnetohydrodynamics
	Slide 43: Alfvén Waves
	Slide 44: Alfvén Waves
	Slide 45: Alfvén Waves
	Slide 46: Alfvén Waves – Cylindrial Geometry
	Slide 47: Alfvén Waves
	Slide 48: Magnetoacoustic Waves
	Slide 49: Magnetoacoustic Waves
	Slide 50: Magnetoacoustic Waves – Cylindrical Geometry
	Slide 51: Magnetoacoustic Waves – Cylindrical Geometry
	Slide 52: MHD Seismology
	Slide 53: MHD Seismology
	Slide 54: MHD Seismology
	Slide 55: MHD Seismology
	Slide 56: MHD Seismology
	Slide 57: Multi-Messenger Analyses
	Slide 58: Multi-Messenger Analyses
	Slide 59: Introduction to MHD Instabilities
	Slide 60: What is an instability?
	Slide 61: Introduction to MHD Instabilities
	Slide 62: Kink instability
	Slide 63: Kink instability
	Slide 64: Rayleigh-Taylor instability
	Slide 65: Rayleigh-Taylor instability
	Slide 66: Thermal instability
	Slide 67: Thermal instability – Coronal Rain
	Slide 68: Thermal instability – Coronal Rain
	Slide 69: Conclusions
	Slide 70: ESA Science Research Fellowship
	Slide 71: ESA Archival Research Programme

