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Technical effects

space missions

- 31 failures and losses
(12 total losses)
Meteosat, ERS-1, XMM ...
Equator-S, Anik 1&2,
Telstar 401, ASCA ...

- losses in the last 4 years are higher
than 500 Millionen USD
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Technical effects

aviation

ACREM Measurements during GLEE0 on 15. April 2001
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Technical effects

satellite navigation and telecommunication

Solar radiation
X-Rays, UV
Energetic Parficles

Signal
Scintillation

— Electricity Grid Galileo Navigation System
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Technical effects

electric power transmission
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Technical effects
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?S%lﬁ%ﬁi STATUS OF SPACE INSURANCE MARKET

LAUNCH PLUS LIFE INSURANCE POLICIES

Earned Premium and Recorded Policies
From 041/01/89 to 01/10/88
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International activities 'h

‘- @esa-EIIEEZI-III IMES =N

3 1) ESA Space Weather Feasibility Studies

gl

The Implementation Plan CLIRC SPACE
20 2) ESA Space Weather Application
| Pilot Projects
3) SWENET

www.estec.esa.nl/wmwww/wma/spweather/

EU / ESF COST Action 724
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International activities
ESA SW Feasibility Studies

1) Benefits of a space weather programme
2) Establishment of detailed rationale for a SW programme
3) Establishment of detailed programme contents, including
space and ground segment, prototyping of services
4) Definition of structures which need to implemented by ESA and member states
5) Draft programme proposal, cost estimates, risk analaysis
6) Development of a web-based data base ...
7) Secretarial management of a European SWWT

Companies Key persennel

ALCATEL Space Industries - B. Huet ; O Pansart ;
Cannes ! France F. Kamoun

Laboratoire de Physique & Chimie de 'environnement - F. Lefeuvra’; P. Gilles ;
Cirleans / France 1. Dudok Ce Wit

British Antartic Sureey F. Home'

Cambridge + United Kingdom

Swredlish Institute of 5 pace Physics - IRF H. Lundstedt’

| Lund J Sweden

Mullard Space Science Laboratary - UCL A, Coates' ; R Bernlley ;
London 4 United Kingdam M. Crosby

ESYS - A Shaw'

Surrey L United Kingdom

Cibservatoire de Paris- LPSH M. Pick'

Meudon / France

Laboratoire de Planstologie de Grenoble - 1. Lilen=sten' ;

Grenoble J France . Lathiuillers

Imperial College - P. Cargill'

London & United Kingdom

University of Greifswald - EMAL F. lansen'

. Wﬁb‘l
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International activities
ESA Space Weather Feasibility Studies

space-born, full scenario + global data communication

/Iﬁta

/ GED SUN Observer

3 Radiation Belt Momnitors in GTO " 501:1_143:.' Imager
= EUV imager
= H-zimager
= Magnslogreph
=  Coronagraph
= Soft Koray & UV Tux mon.
»  ELW spectrogreph

1 HED Sateliite

L1 UPSTREAM Maonitor
" Solar & Galadic radialion

2 5UN Synehronous LELY (3-15 & 9-27)
Monkor
Solar Wind monitor

2 Inelined LED (757 :
2 equatorial LED «  Thermal Plasma monitos
j »  Mid-enargy particle monkar
\—/—/ ¢ Mmool
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International actvities

ESA Space Weather Feasibility Studies
space-born, full scenario:

magnetosphere / radiation belt

monitoring:

GTO-type orbits, 120 ° against

each other

L]
L]

L]

Radiation Balt Monitors on 2 GTO-type orbits

Thermal Plasma manitar
Mid-energy particle monitor
Magnetometer

Waves
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International activities

ESA Space Weather Feasibility Studies
space-born, full scenario:

ilonosphere and thermosphere
HEC and LEO satellite orbits

2 LEQ Sun-synchronous 3-15 & %-21
Solar & Galactic radiation monitor

Low energy plasma monitor
E-field antennae
Meulral mass specrometer

1 High Eccentric Orbit Satellite
« LW imager
= Visible imager

GPS receiver
Topside sounder

= & & & & &

2 LEC High Inclinatiom :

Solar & Galactic radiation monitar
Low energy plasma monitar
Interfer ometer

MNeutral mass spedrometer

GFS receiver

Topside sounder

2 LED equaterial :
#  Interferometer
Mewral mass speciromeler
GPS receiver

Topside sounder

. ¥ W

- & & & & @
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International activities

space-born scenario
with lowest priority

SUN LED Obsorver :
= EUV Imager
EUY Flux Karitor

Upstream L1 Monitor :
# Galaclic & cosmic rays detecior
Sclar Wind meniior
Thermal Plasma monibor
Md-er=rgy paride moniior
Kagneiometer
Low frequency radio-sp=crograph (<4 0dHz)

WWW Greifswald



International activities
ESA Space Weather Feasibility Studies
ground based segment (part 1)

Regicn s trument Curremt Deduced Parameters Use for SW Remarks Recommendation
status
Sun Full dise Metevarks Mean field To detact onset of solar Metworks include GOMG + Accessibility uncertain. Use
magnetograph | under Solar ratation and EVENLs existing networks if available.
constnaction. oscillations Augment/implemeant network
LISAF-1SO0N, o provide 24 hr coverage
Wector magnetograms SOLIS Pricrity Lo space
Sun Full disk Ha Metwork under | Velocity profiles of solar To detect onset of flares Metworks include USAF-1500M, Accessibility uncertain. Use
network construction chromospheric structures and CHEs existing natworks if available.
Moreton waves BBSC icoordinator) Augment/implement network
o provide 24 hr coverage
Pricrity Lo space
Sun Coronagraph Resaarch Plasma density Proxy for CME propagation | Mo established natwork. Mo ground network
Seaing limitations. recommeanded.
Sun and Broad Resaarch Welocities of shocks, Detection of SEF events. Mo established network. Metwork needs to be set up
Interplanctary fracuency electron beams and Shock propagation. with minimum of 3 sites for
radio energetic particles. 24hr coverage.
spedrograph Proocy for moreton waves,
{ = 1 0MHz]
Sun and 10.7 ems flux Metwork exists | 10,7 cms flux Proxy for solar adivity. IS network Data fully accessibility Tz be maintained for
thermosphere monikor Required for tharmospheric continuity of geophysical

models

reconds

Sun and Radio imaging | Ressarch Intensity and polarization | CME onset and Mo established natwork. Metwork nesds to be set up
interplanetary | below 1 GHz maps development Cannot be done from space. with minimum of 3 sites for
SEP events. 24hr coverage.
Proxy of Moreton waves and
shocks
Interplanstary Interplanetary Resaarch Starlight intensity Presence and motion of Mo established network. Dual site Promising technic. Mesds

scintillations

fluctuations

shocks out to several ALl

measurements show CME structura
and propagation

mare invastigation o
astablish SW capability.
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ground based segment (part 2)

Interplanstary Meutron and Operational Cosmic ray flux Radiation dose. Intemational neutron networks exist, | Use existing neutron network,
muon networks wariations. Detection of interplanetary operational 24 hrs/day. Presant Mucn detector required in
detectors Anisotropies. shocks and CMEs mucn netwarks has big gap owver European region.

propagation Eurcpe.
Cannot be done from space.
Real ime data freely accessible.

fa n;||1-E~L-\:|s'lm Magnetometer | Word wide Absolute values of B, Geomagnetic indices. 24 hr coverage Use existing networks

and network natworks exist. lonocspheric currents Storm and substorm Clata freely accessible. Fill gaps in local time.

ionocsphere Operational detection Gaps over Bussia and Morthem asia

|loncepheare SuperlDARMN Resaarch Velocity maps. Electric field and convection | 18 hr MLT coverage in northern Establish Z24hr coverage, and
coherent Boundary location, maps. hemisphere, 12 hrs in south. cperational capability.
radars Corwvection elecric field Blata is freely availabla, convection

maps available in real time.
|loncspheare lonosondes Res=arch loncepheric density Maximum useable Cher 50 stations in Europe, only 6 Intercalibrate instruments.
profile below F region. frequancy for HF automated and provide. Pressure to | On-line data aceess required.
communications closa down. COST are assessing for SWW.
TEC, scintillations. Recommend usa for absolute
Me measurements
|onocsphare Positional Operational TEC, position, neutral Prediction of HF GPS data is freely available Higher spatial resolution
rECEIVErS for GPFS density comections communications required (COST are assessing
Scintillations far SW. Inercalibration
recuired.
Future data must be frealy
available for SW.

laneaphars Inesbierart Remazreh lsnasphierie Darmsity, Calibrstion teol U=zaful for madel develspmeant Suppart conltinued aparation.
scatter radar temperature, velocity

Themuosphare | Optical Reszarch Meutral density and Potential uss for Lirmited to clear skies. Potential use for model
interfer omeatars temiparature atmcepheric drag developmeant

|onocspheare Riometers Res=arch Radio wave absorption Scintillations. Long term future at risk. Potential use for maodel

Electron precipitation

23 sites providing limited spatial
CoWErage

developmeant

WWW Greifswald




International activities

EU / ESF COST Action 724
,,Developing the scientific basis for monitoring,

modelling and predicting space weather*
http://cost724.obs.ujf-grenoble.fr

COST - COperation in the field of Science and Technology

- coordination of European activities in science and
technology funded by the EU through the European Science
Foundation (ESF)

- funding related to coordination, i.e. Managment
Committee (MC) meetings, expert meetings, travel and
publications

WWW Greifswald



International activities

EU / ESF COST Action 724
,,Developing the scientific basis for monitoring,

modelling and predicting space weather*
hffln'llr'ncf794 ohs ||'|f_gmnnhln fr

General aims of COST action 724

- coordinate European research into modelling and

predicting space weather
_ - to promote the deployment of new instrumentation to

satisfy new data requirements and the devlopments of new
models

- to educate potential users of space weather data

- to gather feedback from users to improve the services

- to creat a forum on ,,best practice among users and
providers of space weather services

- to sets standards on data exchange
WWW Greifswald



International activities
EU / ESF COST Action 724

A 11

1. Kick off November 2003: duration 4 years, 24 European (and nearby
European) countries, ESA as well

2. Four working groups: WG 1 M. Messerotti INAF Triest,
W.Schmutz PMOD/WRC Davos
Monitoring and Predicting Solar Activity for Space Weather

WG 2 R. Vainio Univ. of Helsinki,
D. Heynderickx BIRA Brussels
ne Radiation Environment of the Earth

WG 3 J. Waterman DMI Farum,
S. Poedts Univ. Leuven
Interaction of Solar Wind Disturbances with the Earth

WWW Greifswald



International activities
EU / ESF COST Action 724

\ 4 INJI1 1

3. MoU aims for WG 4: Leader F. Jansen / Univ. Greifswald WWW

Co-Leader M. Candidi / IFSI - CNR Rome

Space Weather Observations and Services

a) coordination of a network of European
websides, relevant to data, models, prediction and
public outreach

b) development of methods and standards for data
exchange to enable coupling of different sw model
and to disseminate relevant information to users

c) liaise with COST action 271 (ionosphere)

d) maintain data base for users and statistics about the
service

4. MAIN AIM: ESWWS

WWW Greifswald



Science

‘Regional Warning | | Industry
Centres/Competence
Centres ~ Public

\ : I\ ' -5 - : I
i n L 1 ; :
% "n.‘ =
3 : < Lufthansa : [
- ¥ [} [
", Y .'.:
. . ¥
¥ \ AN et




Alcatel Space
Astrium U.K.
National Grid

Virgin Atlantic ...

Sydkraft

Cin DaAwvaiiar MNeiA
Iil. TUWCI OIlid

Gasum Oy
Swiss Re ...

International activities

EU: SW
European
Science and
Technology
Week
4to 10
November 02

SCIENCE &
TECHNOLOGY
< S

Koinzidenzen

WWW Greifswald



SCIENCE &

TFCHNOLOGY Space Weather Week - ESTW
(4 — 10 November 2002)

WELTRAUMWETTER

SPACE WEATHER
METEOROLOGIE DE L'ESPACE

SW planetariun show:
»1 hunderstorms in Space Weather “

Interactive SW CD-ROM
+ Science Museum Edition

Infernational Space

Station takes Europe WWW Greifswald

fo new heights i



MuSTANG -

Muon Spaceweather Telescope for Anisotropy at Greifswald

L =l R R RN AR R+

University of Greifswald:
F. Jansen, R. Hippler

1 w
1A Greifswald / Germany: ™ R University of Bern /
L=

HTS Dresden / Germany:
W. Gohler, S. Brunner

F. Jansen, G. Bartling Switzerland:
H i E. Flickiger

IEPSAS Kosice /

=7 Depariment of the

. AAD
Slovakia: Eir e kg M. Duldig, J. Humble
K. Kudela ustralian Antarctic Divisiosn
Hanse city of Greifswald /
Germany
UAS Stralsund / Germany:

G. Kolbe, B. Zehner

Shinshu University / Japan:

K Munakata (ESA/ESTEC contract 18835/04/NL/MV)



Interplanetary CMEs and shocks

no real time data about
interplanetary CMEs and shocks

(AU}
contemporary status: L . - :

1t
Solar environment \

1) - Soho (UV) observations up to 30 solar radius Rg or only e |
about 1/3 Mercury orbit 1%

fpe(MHz)

- very good due to Soho: in space and near real time, data 10}
are used for estimations /simulation of arrival time at Earth 102l
~
10 T S—. ) .
2) - radiospectrogaphs on the ground measure up to 1. 7 Rg 1 oy R 1000
- very good: instruments on the ground and real time data Fig.2. Radial dependence of ghe local clectron plasma frequency
fpe(r}

problems:

1) - from 30 Rg to Earth orbit no remote or in-situ real time data

2) - only radiospectrographs for instance on Ulysses and WJXD s/c measure the interplanetary
propogation of CMEs or shock waves (position is a fghction of the plasma frequency
(Mann, Jansen, MacDowall et al. Astron. Astrophys. 348, 614 (1999)), but
data are not available in real time (data transfer to Earth about 2 to 5 days later)



Radjo Burst Trajectories”
quiet solar wind conditions
Cosmic Ray Anisotropy.
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Example: space weather storm on 9th September

1992

(Figures right (from top to bottom,
black line is the sudden commencement (SSC) )

1) change of Kp index versus time

2) cosmic ray neutron monitor counts versus time
(no hints for changing counts rate before SSC)

3) pitch angle versus time, but with cosmic ray
muon telescope data (Nagoya Scintillator
Telescope) enhancement of comic ray muon
anisotropy into Sun direction (black circles)
about 10 hours before SSC

4) change of interplanetary field magnitude

5) change of solar wind velocity

Details see in
Munakata et al. J. of Geophys. Res. 105 (A12)
27457, 2000
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Space weather related physics
behind cosmic ray measurements
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Space weather physics

and muon telescopes on ground

1) Ground-level CR detectors scan various directions in space (including to the Sun) as
Earth rotates.

2) Daily variations in counting rates on ground reflect anisotropic intensity distribution of
cosmic rays in space.

3) Semidiurnal variation due to interactions in the heliosphere of outward moving solar
wind and inward diffusing galactic cosmic rays.

4) Semidiurnal variations were observed by neutron monitors, ion chambers and muon
telescopes.

5) Detectors observe reduced flux of CR particles moving away from the shock (with
small pitch angles), due to CR depleted region behind the shock.

6) CR intensity deficit in the order of 1 % to 2 %.

7) First detection of the shock at a distance of ' ~0.1 Ap cOS 3

(Ap scattering mean free path of cosmic rays, angle between Sun-Earth line and the
mean IMF at Earth)

8) )\P about 1 AU for 10 GeV CRs (neutron monitor energy range) => 5 hours before
shock wave arrival

9) Muon telescopes measure at 50 GeV
=> Apmuch longer
=> 24 hours before shock wave arrival !!!



Physics behind the detection of
CMEs by cosmic ray anisotropy

Mercury orbit

o WAL

Elektronen- Hadronen Myonen
Photonen




Pre-warning time:

up to 24 hours before CME arrival
first CME detection

heutron monitors

window of CME
ground based
propagation observation

muon telescopes

0.387 0.723
Mercury YVenus




Construction and schedule for MUSTANG

Detection / construction principle:

- two layers (8 sqm) of plastic scintillators (PS)
with wavelength shifter, lead layer (4 sqm)
between the PS layers for low energy
CR absorption

- high voltage photomul

ier tubes

Incoming Muon

measurements at differen
scintillator plates
- electronics and data recordin

Optical coupling

A 4

Schedule: N ght amplification
- start of construction January 2005

A 4

- data available summer 2006 MData acquisition




MuSTANG 'k

4m? prototype: 2m x 2m
2 detector layers: 8m?

1 lead layer: 4m? /
readout electronics: — |
wavelength shifter and
8 PMTs |

entire weight: 3t




muon telescope network

Viewing angles of muon telescopes in
Australia and Japan:

no data from Euro n and Atlantic
Ocean regions

A Hobart multi—directional muon detector
© Mawson—PC detector

World-Wide Muon Telescope Network

MuSTANG becomes part of the international Australian
- Brazil - European (including Armenia) - Japanese

Possible Muon Detector Network

O Nagoya muon felescopes

A Hobart muen telescopes

¢ Mawson-PC telescopes

O Sao Martinho muon telescopes

@ proposed new telescopes at Greifswald

Viewing angle with MuSTAnG and
SMST:

this means also a 24 hour data coverage



World-Wide Muon Telescope Network

MuSTANG becomes part of the international Australian
- Brazil - European (including Armenia)- Japanese

muon telescope network

Mawson PC, HST, NST, SMST and MuSTANnG

SMST






