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B-KUL-G0B32A Space Weather –
 

AIMS:

−
 

To provide an overview of the current observational 
data on space weather;

−
 

To provide insight in the basic physics of of space 
weather;

−
 

To provide an overview of the current state−of−the−art 
modeling and forecasting activities for selected 
aspects of space weather, e.g. CME initiation and IP 
CME evolution, gradual SPE events, etc.

−
 

To explore the effects of space weather on humans 
and on technology in space and on the ground.



Web page for the class

• perswww.kuleuven.be/~u0052182/teaching.html



Class offered to:

•Master in Mathematics

•Master in Astrophysics

•Erasmus

•MaNaMa in Space 
Studies

POC: POC Wiskunde



Topics covered



Master in Astrophysics and Master in Math



Overview of the space weather class

• Some students have little math 
and phyiscs

• Most students do not know what 
a plasma is

• Or the structure of the solar 
system plasma

• Need to provide a short 
background on the “geography”, 
mathematics and physics of 
space plasmas

• Regular Students: part A -

 
introduction

• Advanced students: part B –

 
project 



Overview of the class

• Descriptive Part
1.

 

Sun and Solar Wind
2.

 

Heliosphere and 
Magnetosphere

3.

 

Typical space weather 
events

4.

 

High Energy Particles

• Application Part
1.

 

Interaction of particles, 
fields and radiation with 
matter

2.

 

Biological impact of space 
weather

3.

 

Technological impact of 
space weather

• Modeling Part
– Particles and Fields (ABC of 

plasma physics)
– Kinetic approach: 

microphysics of space 
weather

– Fluid approach: macrophysics 
of space weather

• Guest professors: 
– Johan De Keyser: inner 

magnetosphere and 
observations

– Stefano Markidis: kinetic 
simulation



Descriptive part: The Sun-Earth coupling



Modelling part: processes to model



Effects of space weather

• NASA: Living With a Star, 
Sun-Earth Connection

• NSF: Cism, Integrated Space 
Weather Modeling, Geospace 
Environment Modeling

• NOAA, DOD,…
• Spaceweather.com
• JAPAN: Space Environment & 

Effects System
• ESA: new initiative SSA, 

swenet.eu
• In Belgium: ROB, BISA 



Descriptive part

Solar –
 

ground based:
• ROB (Brussel)

• Wilcox Observatory

• Mt Wilson 

• GONG

Solar –
 

space based:
• SOHO

• STEREO

• TRACE

• Proba 2

• SDO A typical day for Professor David
(Berghmans)



Space Missions

• We cover how to access 
and use data from 
probes:

• Themis

• Cluster



Example of Tasks done by the students

• Use web resources and 
models learned in class 
to predict solar wind at 
the Earth in different 
days. From synaptic 
maps to comparion with 
ACE data

• Use web resources to 
study dependence of 
ionospheric parameter 
from day to night and 
with different indeces 
of space weather 
activity



Modeling Part

• A PIC code in 
MATLAB

https://perswww.kuleuven.be/~u

 0052182/teaching.html

Runs in MATLAB (not free)
Or in OCTAVE (free)

https://perswww.kuleuven.be/~u0052182/teaching.html
https://perswww.kuleuven.be/~u0052182/teaching.html


Examples from student projects: relaxation 
via wave-particle interaction



CCMC: http://ccmc.gsfc.nasa.gov/



Sample of one project based on CCMC



Tasks relative to effects of space weather

• Use SOLPENCO to study 
tha propagation of high 
energy particles

• Determine fluences, 
time delays for 
different energies

• Use models to predict 
range of high energy 
particles in matter and 
compare then with the 
simulations off the 
NUCLEONICA web site.



Use of Spenvis by the Students: 
desing a mission



Use of Spenvis by the students:
 radiation dose

• Obtain the spectrum from the 
models in Spenvis

• Measure the penetration

• Evaluate dose and risk of cancer 
to personnel

• Determine thickness of Al to 
reduce the dose below a 
prescribed limit



Satellite charging with Spenvis



Plasma Simulation in Space

Lunar Science Institute in Boulder
ESA Spine Program
(SPACECRAFT  PLASMA 
INTERACTIONS  NETWORK  IN  EUROPE )



Charging: The DEMOCRITUS Code

Model Features

• Model of the Enterprise

• Simulations with our code 
Democritus 
http://code.google.com/p/democritus/

DEMOCRITUS (2D) and CELESTE (3D) available on google codes



Charging in a flowing plasma

Adaptive Grids

Plasma 
flow



A shock hitting the Enterprise

Plasma arriving from the right, hits barrier on the left 
and causes a shock traveling forward.

barrier
shock Incoming

plasma



Example: Enterprise hit by a shock

Ion (top) and Electron (bottom) density 



Use of Space weather resources

Training on the use of 
the space-weather 
resources.



• Funded by the EC in FP7 –Space 
Science

• Coordinator: G. Lapenta, CPA

• Fcous on data and its 

interpretation:

1.

 

Photosphere

2.

 

Chromosphere/Corona

3.

 

Heliosphere/Terrestrial effects

4.

 

Irradiance

www.soteria-space.eu



SWIFF:New FP7 project on space weather 
modelling



I cannot teach anybody anything, I can 
only make them think.

Socrates



EXTRA SLIDES



Summary of Student’s projects -
 

Modelling

• Seven stundents did a PIC study of streaming 
instabilities in 2010 (space weather class)

• Three students studied relativistic acceleration with 
the PIC code in 2009 (astronomy endprojects)

• One student of astronomy is using the PIC code for 
acceleration by wave-particle interaction (thesis)

• One student of mathematics is usng the PIC code for 
the study of electron holes in the magnetosphere 
(thesis)

• One student of physics is using the PIC code for the 
study of solar system formation (thesis)
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