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B-KUL-GOB32A 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
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* perswww.kuleuven.be/~u0052182/teaching.html

Class material: Space Weather

Syllabus in wiki format

Lecture 1 (HTML)
Lecture 2 (HTML)
Lecture 3 (HTML)
Lecture 4 (PDF)
Lecture 5 (PDF)
Lecture 6 (PDF)
Lecture 7 - notes (PDF)
Lecture 7 - slides (PDF)
Lecture & (PDF)
Lecture 9-12 (see Toledo)
Lecture 13 (PDF)
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Homework

1. Homework 1 (PDF)
2. Homework 2 (PDF)
3. Homework 3 (PDF)
4. Homework 4 (PDF)
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MASTER OF SPACE STUDIES

Topics covered couse__
Ciuestions in Space Sciences
Space Law and Space Policy
Space Project Management
Space sciences and Exploration
Life Sciences and Biology in Space
Cirbital Mechanics and Mission Design
Spacecrait Design and Instrumentation
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Students have to choose courses amounting to 22 credits from the list below and
(for a maximum of 6 credits) from other Master’s programmes at the universities
of Gent and Leuven. Students with a Master's degree in the Humanities and
Social Sciences are expected to choose these courses from list A below.
Students with a Master's degree in Science, Engineering and Technology or
Biomedical Sciences are expected to choose these courses from lists B and/for C.
A Space Law, Policy, Business and Management

- The Law of International Organizations

- Infroduction to Management and Strategy

- Space Business and Management

- Advanced Topics in Space Law and Space Polioy

- Product Development and Innovation
B Space Sciences
- Space Weather
- Advanced Topics in Life Sciences in Space
- Astrophiysics from Space
- Remate Sansing of the Atmosphers
- &ynchrotron Radiation Ressarch in Earth and Planetary Sciences
- Plant Biology in Space: Life Support System Applications
- Global Change Monitoring and Coastal Processes
C Space Technology and Applications
- Space Geodesy, Geophysics and Earth Observation
- Satelite and Space Communications
- Spacionics Systems Design
- Spacecrafit Technology and Space Envinonment
- Reliability of Space Systems
- Robotics
- Image Analysis and Understanding
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Master in Astrophysics and Master in Math
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MASTER OF MATHEMATICS

(120 credits)
Introductory and General Section (30 credits)
- In this section the student has to take courses from the K.U.Leu mriculum addi to 30 credits. These
MASTER OF ASTRONOMY AND ASTROPHYSICS 120 Eh.lﬂﬂ:l.l"'ﬂ'l nLlemhMaﬂhmyhﬁmmmmm&;ﬁLm}m

Foe o v o v 1ot aiage cares e st ity

tailored fo the student's specific situation and needs. The chosen package has to be approved by the
Cbsanvational Technigues in Astronomey

programme director.

Research Projects |

Binary Stars

Theary of Nuckcesymithesis

Star Formation

Intarstellar Matter

Physics of Flanets

Astercesismology

Speciaksed Topics in Astronomical Technigues
Students must choosa bewo of the courses balow. | Advanced Courses (at lzast one course, choice)

Etelar Structure Modsls

Research Projects I

Research Projects

Options (60 credits)
The studenf chooses one of the fwo oplions.

1. Option Pure Mathematics
The student chooses for (at least) 80 credits from the subgroups according to the rules specified in each
subgroup.

| Core Courses (at least two courses, choice)

| Deepening Courses (at least two courses, chaoice)
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| Exchange Courses (at least one course, choice) |

| Research Seminars (one seminar, cholce being determined oy the domain of fi2 masier thesls)

£ad

Elective Master Courses
{The student can choose wp to three courses (max. 18 credits) from the option Applied
Mathematics or from the Dutch master program)

.

Students choose electves comprising at least 36 credits, sither from the list below

or from specalized courses incuded in other Master’s programmes, particularty The student chaoses for (at least) 80 credits from the subgroups according to the nules specfied in each
physical applad mathematics [Plasma Astrophysics) courses from the Master of Subgroup.

2. Option Applied Mathematics

Mathamatics and physics courses from the Master of Physics. e e (N eyt [ e e ks e )
The Mikoy Way Galaoy Mumerical Mathematics (at kst cne course, chaics)

M | Probability and Statiscs (at least two courses, choice) |
Chynamics of Stellar Systems (UGent) |

. . Exchange courses (the student can choose one course) |
Theoretical Seismology 9 - !

GE.FH"[‘E salects in mﬂ“!-’ and M‘W Advanced Courses (at least one cowrse, choice)
HE.I'EI.‘H’!" BJE-IEHTIE- Resaerch Seminars (one seminar, cholce baing determined by the domaln of the master thesls)

Computational Methods for Astrophysical Applcations Elective Master Courses

(The student can choose up to three courses (max. 18 credits) from the option Pure
Mathematics or from the Dutch master program)

Master Thesis {30 credits, compulsory)




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 -
infroduction

Advanced students: part B -
project



Overview of the class

* Descriptive Part * Modeling Part
1. Sun and Solar Wind — Particles and Fields (ABC of
2. Heliosphere and plasma physics)
Magnetosphere — Kinetic approach:
3. Typical space weather microphysics of space
events weather
4. High Energy Particles — Fluid approach: macrophysics

of space weather

* Application Part

1. Interaction of particles, * Guest professors:
fields and radiation with — Johan De Keyser: inner
matter magnetosphere and
2. Biological impact of space observations
weather — Stefano Markidis: kinetic
3. Technological impact of simulation

space weather



Descriptive part: The Sun-Earth coupling
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Modelling part: processes to model
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IR, | Remote sensing

Phc:-tolspheric the solar corona . : B Insitu :
(EUV, X-ray, In situ solar wind B magnetosphere observations
I e =] Geoeffect

visible, radio, ...




Effects of space weather
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Micromeleariies Solgr _radiq’rion :C: . ’ NASA LIV|n9 WlThG STGI",
e — Sun-Earth Connection
— 4  NSF: Cism, Integrated Space
e | Weather Modeling, Geospace
Cebamage g Environment Modeling
e * NOAA, DOD,..
G "' * Spaceweather.com

N * JAPAN: Space Environment &
ool EIeoTriciTyG.(id: Effects System

Dision  ESA: new initiative SSA,
MPY pinsine swenet.eu

Carcsion
e In Belgium: ROB, BISA

Distuibed Reception



Descriptive part

Solar - ground based:
 ROB (Brussel)

e  Wilcox Observatory

e Mt Wilson

e GONG

Solar - space based:
e SOHO

« STEREO

e TRACE

* Proba?2

* SDhO A typical day for Professor David
(Berghmans)



Space Missions
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We cover how to access
and use data from
probes:
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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

LB sgB8Y 5. s38E S.3s531 ..
2 g B rrreqrrTTIeTTT g

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



Modeling Part
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e APIC codein
MATLAB

https://perswww.kuleuven.be/~u
0052182/teaching.html

L=2%pi;

DT=.5;
NT=200;NIQUT=25;
NG=32;

N=1000;
WP=1;
QM=-1;
Vo=0.2;
VT=0.0;

¥P1=1;
Vi=0.0;
mode=1;

Q=WE~2/ (QM*N/L) ;
rho_back=-0*N/L;
du=L/HG;

% 2 Stream instability
¥xp=linspace (0, L-L/H,N)"';
vp=VT#randn(N,1);
po=[1:N] ' ;pm=1-2*mod (pm, 2} ;
vp=vp+pm. *Vi;

§ Perturbation
vp=vp+Vlisin (2*pi*xp/L*mode) ;
Xp=Xp+EP1* (L/N) #3in (2*pi*xp/L¥mode) ;

p=1:N;p=[p pl;
un=ones (HG-1,1) ;
Poisson=spdiags([un -2*un un],[-1 O 1] ,HNG-1,HG-1);

for it=1:NT
% agglornamsnto xp

Hp=xp+vp*DT;
cut=(xp<0); xplcut)=xp(ocut)+L;
out=(xp>=L) ;xp(cut)=xp (out) -L;

% proiszione p->g

gl=floor(xp/dz-.3)+1l;g=[gl;gl+1l];
frazl=l-abs (xp/dx-gl+.5);fraz=[frazl;1-frazl];
out=(g<l) ;g lout)=glout) +NG;

t=(g>NGE) ;g lout)=g(out) -Nz;

mat=sparss (p,g,Zraz, N, Nz);

rho=full { (Q/dx) *sum(mat)) '+rho_kack;
% calcolo dsl campo

Phi=Poisson' (-rho (1:NG-1) *dx"Z) ; Phi=[Phi;0];
Eg=([Phi{NG); Phi(l:HG-1)]-[Phi(2:NG);Phi(1)])/(Z2*d=x);

% proiszione g->p = aggiornamsnto wzlocita'

=1

Runs in MATLAB (not free)
Or in OCTAVE (free)
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Examples from student projects: relaxation

via wave-particle interaction TR
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Figure 22: Velocity distribution function at timestep 6000.



COMMUNITY
COORDINATED
MoDELING
CENTER

About US Space Weather Models at CCMC  Request A Model Run

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

Related Links | Frequently Asked Questions | Community Feedback | Downloads | Sitemap

View Model Run Results  Instant Run Experimental Real-Time

CCMC Mission Statement

The CCMC is a multi-agency partnership to enable,
support and perform the research and development
for next-generation space science and space weather
models.

L™ -

CEDAR ETI Challenge

CCMC is supporting CEDAR Electrodynamics
Thermosphere Ionosphere (ETI) Modeling Challenge. The
outecome of the preliminary round of model output
comparisons will be discussed at the CEDAR 2010
Workshop (June 25, 2010, 10:30 - 12:30). To participate in
this fist round of the Challenge please submit yvour model
results using CCMC on-line submission interface prior
to June 1st, 2010.

Find out more

CCMC Services

« We provide, to the scientific community, access to
modern space research models

¢ We test and evaluate models

¢ We support Space Weather forecasters

¢ We support space science education

Latest Additions to the CCMC Services

¢ Integrated Space Weather Analysis System is a
web-based dissemination system for NASA-relevant
space weather information.

¢ Space Weather Awareness at NASA space
weather information portal.

¢ LWS Supported Tools and Methods

¢ Kameleon enfiware- madel it fram different



Sample of one project based on CCMC
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Modelngias Spaces weainier: . ENLIL: Heliosphere

soronaism
v Velocity = Density = Pressure

SWM¥F: Solar Corona SWM¥: Global magnetosphere

v Temperature v Temperature




Tasks relative to effects of space weather
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Figure 7: The intensity of ﬁiim:\-::f’:ro(ons(aﬁ.cjr the solar activity. Table | Graph SP | Gra:lm:ange
e Use SOLPENCO to study < Use models to predict
tha propagation of high range of high energy
energy particles particles in matter and

. : compare then with the
Determine fluences, simulations off the

fime delays for NUCLEONICA web site.
different energies



Use of Spenvis by the Students:

deSing a mission CROUEN

3.5%10°

3.0x10°

Mission segment 1:
Orbit type: general
Apogee: 36000.00 km
Perigee: 450.00 km
Inclination: 28.50°
R. A. Ascending Node: 179.75°
Argument of Perigee: 0.00°
True Anomaly: 0.00°
Period: 10.66 hrs
Number of orbits: 1.00
Duration: 0.44 days
Orbit start: 01/01/2010 00:00: 0.0
Orbit end: 01/01/2010 10:39:48.9
Segment end: 01/01/2011 00:00: 0.0
Segment length: 365.00 days

2.5x%10°

2.0%10°

Hltituda (km)

1.5%10%

1.0010%

5.0x10%

Semi latus rectum: 11750.39 km Rog TR AL et - e
Semi major axis: 24596.00 km ) : g
Eccentricity: 0.72
Mean motion: 14.14 rad/day
Integration step: 0.50°

1ot

Lertitude

Time intervals
60.0 s below 20000.0 km
240.0 s between 20000.0 km and £0000.0 km
3600.0 s above 80000.0 km

v

@
=3

—180 —120 ) i 80 120
Lengituce



Use of Spenvis by the students:

radiation dose T

Dose at Transmission Surface of Al Slab Shields

i 10F _mag -
% ot _10515 [ Aurminium Absorb1eorTh1;kness {mm) ;
1<:  * Obtain the spectrum from the
models in Spenvis
* Measure the penetration
R e Evaluate dose and risk of cancer
s to personnel

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



Satellite charging with Spenvis

Elactron environment:  ealeate the FLUMIC model ower a spacecraft cebat El

Geometry and maternials. Caution: the default values for
the dielectric material parameters are given for reference

only. The results of the simulation critically depend on the
values of the input parameters.

Geometry: [EEIE
Field of view: m deq

Dl ctric: m

Conductors

O
Temperature [K]: 238.0 Thickness [em]: "'

=37, 217
il
Conductivity [Ohm 'm-1]: 10515

Radius [em]: 01
Dielectric constant: .13
Breakdown el. field [v m1]: ' °E7
RIC dose rate factor kp: 2.0E-14
Defta: 07
Activation energy [eV]: 0.0
Grounded at one suface E| -
mner E surface

(Reset | [Run |

Surface Vattage (v}

25715

Integral Flux (

200 —

100 —

101

1a*

Tst Didettico
T

1.0
Energy (Mot}

KATHOLIEKE UNIVERSITEIT

LEUVEN

1a1°

(=]
.3

Differsntial Flux (m~s7'sr ' Mev™") e

=)

1a*



Plasma Simulation in Space
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Lunar Science Institute in Boulder

ESA Spine Program

(SPACECRAFT PLASMA
INTERACTIONS NETWORK IN EUROPE)
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Charging
* Model of the Enterprise

e Simulat

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



Charging in a flowing plasma
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A shock hitting the Enterprise

barrier

shock .
Incoming
plasma

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



Example: Enterprise hit by a shock

p(t=0.1)
100

50

-50

100

50

0 50 100 150 200 250 300 350

lon (top) and Electron (bottom) density



Use of Space weather resources
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Training on the use o =

o COST

- SOTERIA ‘Welcome 10 the European Space Weather' Poral (ESWeR ). an integrated websise providing a

+ STCE ceniralized acoess point ko e space wealtver community 1o share their knowledge and results,
- o SWENET e COST 724 Act by gian Instihule or Space Atronomy”, the
* SWWT ESWoP! will b Rather o 5 EUOPEAN SpACe WoaATInr | projects . .
- Services L] »
» Model Access On me lef-hand sice of this websiie. you will find the ESWe® menu. i provedes links 1 wet

+ Reposhory sevices, CONtaER PAgES and Vanous oulieach pages. You wil also tnd & login se<tion, where you

» Data Access can regester if you want ko, Reg users have There s alsoa N
* Now | forecasting search engine which you can use 1o Bnd lext contained in s website 2010-08-02 1230
L] » Software

A service for the general public

* Qutreach

o Introduction Onme ESWeP', a large section 1s devoled 10 educaton and outreach, Children as young as fve SEP event forecast

o Activities years ol are imited 10 getinvolved in some of Mese actvites. For exampse, Areworks HIUSTALNG

o BRESCNY sprace weather | mate by primary school children bom 1 on e .

» bnages website. Most of the DUTEACh pageumnsnslamammumun|anguagesmanksmme 10

ol canmibuton of several members of the COST Acton. You will be able 19 see he transiatons by

o Books SRARCNING on he Ight-Nand siie of e websae, FHasE Nt MAL if 1o Tansiason s avallanle 10

@ Your Languags Enghish is used as the detault language.
* Other resources 0%

o Events You can read more aboul Space Weather ' on our knbioduction page. The Portal provides also a

o Topical Links bocal arvd remte modets et results ot in graphical and variows n

o Audio nismerical s w

o Publications F, #2H +4H +aH
» Feedback 2010—06— 0 UEI00
o Groups

[Ad your forecast)

sNTY

Site Map BWS Organization
Top News of the Day: On 01 June 2010 Thule Neutron Monitor Data was discontinued in

- Introduction
Search SWPC Space Weather Prediction Center products. e = Welcome to SWENET
Space Weather Enterprise Forum 2010 -- Building an Informed and Resilient Society — the Look for Services Space Weather European Network
SWPC Home Page Decade Ahead -- National Press Club Washington DC June 8, 2010 Latest Data Latest
‘Space Weather Data - What is What is What can I do Latest e s
L oo Current Space Weather Conditions peathasy = SRS el S i
AlertsiWarnings Data Analysis e SWENET Services
5 Weather N Index O The SWENET team is pleased to inform you about the latest features and functions = T
PELCE SHEE FIaY BT 3 " y upgrades as well as interface enhancements to the Space Weather European e T &
OCN SEaER X ——— satellite Displays -—— + | | ——— Popular Pages -—— v BT M Network Portal, version 3.08. GFET >
Data and Products Latest SWPC Plots Spacecraft Effects -
Alerts & Forecasts Latest Alerts Upgrades:
Reports/Summaries Lotstiioes 1. Index Qualiy Staiisics made easier b i
x i i y introducing compact vs. full view
Space Wx Models Latest GOES Solar X-ray Imai NOAA Scales Activity Stafistics =] functionality, and by adding an explanatary section on space weather indices, Ap (BINCASTS) 3
SolariGeo. Indices > Daily Reports b . sda-bincasks-drx-as-actual
Measurements Range 1 (minor) to 5 {(extreme) Message of the Day a 2. The service DIAS (E_umpean Digital Upper Atmosphere Server) has been 35
NOAA Scale Past 24 hours Current Report Browsing & adried Wit e following date; 20
Support Services Geomagnetic Storms hone hone Resources - * foF2 maps over Eurape il
About Us Documentation ® Daily sunspot numbers plots 2
Staff iati Tutorials
Email Products Solar Radiation Storms none; none: s L 3. The service SWACI was introduced. Update 2009-03: Hourly TEC maps over 10
e — Europe added to daiabase. s
Space Wx Workshop Radin Blackouts none none \eb Service i
Education/Outreach User Area - 4. The service BINCASTS added smoothed monthly sunspot data, a long-term H
Customer Services Login & data set. T
News & Media Info. Register 5 The sanica lnnnsfara adred mara retailar amatanr radin cannactinn data



B e —
SEVENTH FRAMEWORK
PROGRAMME

SOLAR-TERRESTRIAL INVESTIGATIONS AND ARCHIVES

Participant | Participant short | Participant organisation name | Country
* Funded by the EC in FP7 -Space = Number | name S |
. 1 KU Leuven Katholieke Universiteit Leuven | Belgium
Science (coordinator)
. 2 UNIGRAZ Universitaet Graz Austria
e Coordinator: 6. Lapenta, CPA 3 PMOD-WRC | Pyhsikalisch-Meteoroligisches | Switzerland
Observatorium Davos
e Fcous on data and its and World Radiation Center
i n'l'er'pr'e'fqﬂon : 4 KO Konkoly Observatory Hungary
5 CNRS Centre National de la Recherche | France
1. Photosphere LPOE&LP | Sciemifique |
6 ROB/SIDC Koninklijke Sterrenwacht van Belgium
Belgie
2 : Chromospher‘e/Corona 7 OBSPARIS Observatoire de Paris France
. . 8 SRC-PAS Space Research Centre, Polish | Poland
3. Heliosphere/Terrestrial effects Avademy of Scicaees
4 Irra diance 9 MTA-KFKI- MTA-KFKI—RMKI Research Hungary
. RMKI Institute for Particle and Nuclear
Physics
10 DTU Technical University of Denmark
Denmark
. 11 UQulu University of Oulu Finland
www . So."er'la - Space o eu 12 UGOE Georg-August-Universitit Germany
Géttingen Stifung Offentlichen
' 1 Rechts
' 13 HVAR Hvar Observatory, Faculty of Croatia
@ Geodesy, University of Zagreb
14 NOVELTIS Noveltis Sas France
15 FIAN PN. Lebedev Physical Institute | Russia
16 IEEA Informatique France

Electromagnetisme Electronique
Analyse numeérique




SWIFF:New FP7 project on space weather

modelling e

[ ma‘l-’l/i\l/gl;;llent J I l I I *
4 4 4

WP2

Multi-scale/Multi-physics modelling

Analytical models to couple the different sun-earth
environments in space-weather phenomena
pp— : " = SEVENTH FRAMEWORK

PROGRAMME

WP3 WPS
Coupling at the Sun Couplmg in Space Coupling at the Earth
Participant Participant organisation name Country
Application: Application: Application:
coupling photosphere, coupling solar wind with Earth coupling ionosphere-thermosphere short name
“""’“““P'“*“* with solor carona ,O magnetosphere with magnetosphere KU Leuven Katholieke Universiteit Leuven Belgium
i i BISA Belgian Institute for Space Belgium
observations observations AEI'OHODJY
( TARGET: Modelling of coupling effects in space-weather different Sun-Earth environments ) UNIPI Universita di Pisa Italy
UCPH Kobenhavns Universitet Denmark
OATO Astronomical Observatory Turin - Italy
Istituto Nazionale di Astrofisica
ASI Astronomical Institute, Czech Republic
Academy of Sciences of the
Czech Republic
USTAN University of St Andrews Scotland, UK




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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