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SOLAR WIND
What
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LIGHT

The sun’s energy reaches the earth in 3 forms: light, moving gas and particle 
precipitation. This energy interacts with the magnetosphere and the atmosphere of 
the earth. This is space weather.  

How and where the interaction occurs depends on the type of energy.

3  S PA C E  W E AT H E R  P H E N O M E N A

WIND RAIN
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Photons / electromagnetic waves 
Speed of light

Atomic & sub-atomic particles 
m/s to fractions of speed of light

Electromagnetic radiation

Particles

Plasma Energetic 
particles
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Outward moving plasma
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M A G N E T I S M

An enormous amount of magnetic energy is stored in the Sun. The magnetic field is not only 
contained in the interior of the Sun but is present every where in space, better said, in the heliosphere.
The solar wind carries out solar material and solar magnetic field. The solar 
material and magnetic field becomes less dense the further away from the 
Sun.

R A D I A L  S O L A R  W I N D



We need to understand the Interplanetary Magnetic field that is spread in 
the heliosphere.



Image: Siberia 20080801 
J.M.P., W. G. Wagner and H. Druckmüllerová

We need to understand the Interplanetary Magnetic field that is spread in 
the heliosphere.



Image: Siberia 20080801 
J.M.P., W. G. Wagner and H. Druckmüllerová



The magnetic field stays connected to the Sun. As the Sun rotates, the magnetic field gets bent. 

PA R K E R  S P I R A L



EUHFORIA, realtime simulations of the inner heliosphere
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The moving plasma and the IMF 
together form the solar wind. 

The solar wind is linked to open 
solar magnetic field lines.



SLOW versus FAST



250-400

High: ~10

Low: ~10 4K, ~1eV 

Variable

400-800

Low: ~3

High: ~10 5K, ~10eV 

Stationary

km/s

Density, cm-3

Temperature

Behaviour

SLOW versus FAST



IMF is bent and the plasma flow is radial. 
Euh?

















Continuous radial outflow of gas - Consists of 
charged particles  

Shapes the IMF - Can carry magnetic structures. 

Is the IMF Straight/Bent? 

IMF are open/closed magnetic field lines?
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SOLAR WIND
Near Earth



I N  S I T U  S O L A R  W I N D





COORDINATE 
SYSTEM



IMF POLARITY

for 400 km/s 
ϕ ~ 315° 

for 400 km/s  
ϕ ~ 135° 



EXTREME FAST

ϕ = 180°



EXTREME FAST

ϕ = 0°
ϕ = 360°



EXTREME SLOW

ϕ = 90°
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SOLAR WIND
Transients



Transients  

High Speed Streams (HSSs)  

And 

Co-rotating Interaction Regions (CIRs)



Coronal Hole



WHAT HAPPENS WHEN FAST CATCHES SLOW?

Top View









Interaction Region
Rotates together with the Sun Co-rotating Interaction Region



EUHFORIA, realtime simulations of the inner heliosphere

Co-rotating Interaction Region



• A HSS co-rotates with the Sun, 
generating a CIR 

• CH can appear everywhere on the 
Sun

• If close to the equator, the associated 
HSS will arrive +- 3 days at Earth 
(v~ 600 km/s)

• Radial!

Co-rotating Interaction Region



Earth

Co-rotating Interaction Region



Transients 

Coronal Mass Ejections



A new, discrete, bright white light feature in the coronagraph 
field-of-view with a predominantly, radial outward velocity.



• Trigger the strongest geomagnetic storms

• <1/day during solar min, ~ 3 during solar max

• V between 400 and 2000 km/s

• Travel time typically 2-4 days







How do you know a CME occurred?



SOHO / LASCO C2 running difference

I N  C O R O N A G R A P H S



SERVICES

H A L O  C M E  A L E R T  +  P R E S T O

https://www.sidc.be


I N T E R P L A N E TA R Y  C O R O N A L  M A S S  E J E C T I O N  -  I C M E



D I F F E R E N C E S





Transients 

Sector Boundary Crossing



H E L I O S P H E R I C  C U R R E N T  S H E E T



B A L L E R I N A  S K I R T



A W AY / T O W A R D S  S E C T O R S



I N  S I T U
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SOLAR WIND
Question



SOLAR WIND VARIATIONS

Non-eruptive
No B reconnection

Coronal Hole

Eruptive 
B reconnection

Coronal Mass Ejection

Non-eruptive
Eruptive

Magnetic reconnection  
No magnetic reconnection



SOLAR WIND VARIATIONS
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Non-eruptive
No B reconnection

Coronal Hole

Eruptive 
B reconnection

Coronal Mass Ejection



B OF CORONAL HOLE



SOLAR WIND
Meets the Earth’s magnetic 

field - geo-effectiveness



The magnetic field carried by the solar wind can couple with the magnetic 
field of Earth. This coupling is stronger when the solar wind magnetic field is 
opposite to the magnetic field of Earth.

R E C O N N E C T I O N
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The magnetic field carried by the solar wind can couple with the magnetic 
field of Earth. This coupling is stronger when the solar wind magnetic field is 
opposite to the magnetic field of Earth.

R E C O N N E C T I O N



G E O M A G N E T I C  C O N D I T I O N S

https://www.swpc.noaa.gov/products/planetary-k-index

http://ionosphere.meteo.be/geomagnetism/K_BEL/

https://www.swpc.noaa.gov/products/planetary-k-index
http://ionosphere.meteo.be/geomagnetism/K_BEL/
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SOLAR WIND
Questions
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SOLAR WIND
Name 3 transients
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SOLAR WIND
Name a satellite that 
measures the solar 

wind at L1
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SOLAR WIND
Name the 5 panels in ACE or 

DSCVR graphs. 
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SOLAR WIND
Name 3 clearly distinct places 
where magnetic reconnection 

takes place.


