


eeeeeeeeeeeee
Institute

ANNUAL REPORT 2013

SPACE RESEARCH INSTITUTE GRAZ
AUSTRIAN ACADEMY OF SCIENCES




Cover Image

The Planetary Garden at the Space Research Institute: Sun, Mercury, Venus, Earth, Mars, Jupiter, and Saturn
in autumn light (IWF/G. Fischer).



Table of Contents

INTRODUCTION
EARTH & MOON

GRAVITY FIELD 1 tttuietiitieteete et e et e et s et e ee e e e e e e e e e e e e eeaeeas
GEODYNAMICS ..ttt ete et s et e etseeseeaseeaseeaseeaseeaneeaneeaeeaeenaeneennaenn
ATMOSPHERE. ... cectueeeuueeeeuseeuneeeeuaseenaaseanseeansennnaeennsennnreennneernnn
SATELLITE LASER RANGING .uueveeeieieeeeeeeeieeeeeeeeneeeaneeeenneeenneeees

NEAR-EARTH SPACE

MISSIONS e e ettt et e e e e e et e e e e e e e e n e e e e e e e e e enneens
PHY SICS ettt et e e neeas

SOLAR SYSTEM

SUN & SOLAR WIND ... ctiiitiieeiees e s ees e e eee e s ea s ea s easeaseeneeeaeennns
Y= T ]2
VENUS & MARS ...ttt ettt e e e e e e e e e s e e e e e e e e eans
JUPITER & SATURN 1.ttt iieeee et e e e e s eae e e e eae e sanensenenenranenns
L0 Y 20 S
] 17N ]

TESTING & MANUFACTURING
OUTREACH

PUBLIC OUTREACH .. ettt ituiettieteetieeteeteeeaseeaeeeasenseasennsennsennsennnns
AWARDS AND RECOGNITION ..evuuieiunieerieeeueeeeneenaneeeeneeeaneesnneeennns
Y 1o
[ 1 U
LI 12

PUBLICATIONS

REFEREED ARTICLES +.vuetuetuetuseeuseeueetuseeaaeeneensensennsennsennsennsennnns

PERSONNEL



Introduction

The Space Research Institute (Institut fir
Weltraumforschung, IWF) of the Austrian Aca-
demy of Sciences (Osterreichische Akademie
der Wissenschaften, OAW) in Graz focuses on
physics and exploration of the solar system,
covering the full chain of research needed in
its fields: from developing and building
space-qualified instruments to analyzing and
interpreting the data returned by these in-
struments. With over 80 staff members from
more than a dozen different nationalities it is
the Austrian space research institute par ex-
cellence. It cooperates closely with space
agencies all over the world and with numerous
other national and international research in-
stitutions. A particularly intense cooperation
exists with the European Space Agency (ESA).

In terms of science, IWF concentrates on space
plasma physics, on the upper atmospheres of
planets and exoplanets, and on the Earth’s,
the Moon’s, and planetary gravity fields. In the
area of instrument development the focus lies
on building magnetometers and on-board
computers, on antenna calibration, and on
satellite laser ranging.

Presently, the institute is involved in sixteen
international space missions:

» BepiColombo will be launched in 2016 to
investigate planet Mercury, using two or-
biters, one specialized in magnetospheric
studies and one in remote sensing.

» Cassini will continue to explore Saturn’s
magnetosphere and its moons until 2017.

» ESA’s first Small-class mission CHEOPS
(CHaracterizing ExOPlanets Satellite) will
look at exoplanets in detail. Its launch is
expected in 2017.

Cluster, ESA’s four-spacecraft mission, is
still providing unique data leading to a new
understanding of space plasmas.

The Chinese ElectroMagnetic Satellite (EMS)
will be launched in 2016 to study the
Earth’s ionosphere.

InSight (INterior exploration using Seismic
Investigations, Geodesy and Heat Trans-
port) is a NASA Discovery Program mission
that will place a single geophysical lander
on Mars to study its deep interior. It is ex-
pected for launch in 2016.

ESA’s JUpiter ICy moons Explorer (JUICE)
will observe the giant gaseous planet Jupi-
ter and three of its largest moons, Gany-
mede, Callisto, and Europa. It is planned
for launch in 2022.

Juno is a NASA mission dedicated to un-
derstand Jupiter’s origin and evolution.
MMS will use four identically equipped
spacecraft to explore the acceleration pro-
cesses that govern the dynamics of the
Earth's magnetosphere. It is scheduled for
launch in 2015.

Resonance is a Russian space mission of
four identical spacecraft, orbiting partially
within the same magnetic flux tube,
scheduled for launch in 2015.

Rosetta is on its way to comet 67P/Chury-
umov-Gerasimenko. It will arrive in sum-
mer 2014 and deposit a lander in Novem-
ber.

Solar Orbiter is to study along an innova-
tive trajectory solar and heliospheric phe-
nomena, planned for launch in 2017.
STEREO studies solar (wind) structures with
two spacecraft orbiting the Sun approxi-
mately at Earth’s distance.



» THEMIS has been reduced to a near-Earth
three-spacecraft mission. The two other

spacecraft are now orbiting the moon in
the ARTEMIS mission.

» The Van Allen Probes are two NASA space-
craft which quantify processes in the
Earth’s radiation belts.

» Venus Express explores the space plasma
environment around Venus.

Two missions ended in 2013: The French
space telescope COROT was decommissioned
and ESA’s Earth observer GOCE was deorbited
in November.

IWF is naturally engaged in analyzing data
from these and other space missions. This
analysis is supported by theory, simulation,
and laboratory experiments. Furthermore, at
Lustbiihel Observatory, one of the most accu-
rate laser ranging stations of the world is op-
erated.

Highlights in 2013

» Oscillating magnetic fields in the Earth’s
magnetotail show their field-aligned cur-
rent-driven signatures in the ionosphere
and aurora.

» The calculated mass-loss of super-Earths
shows that they cannot lose their hydrogen
envelope and thus are more Neptune-like.

» Key instruments were delivered and moun-
ted on the spacecraft of the upcoming mis-
sions BepiColombo and Magnetospheric
Multiscale.

The year 2013 in numbers

Members of the institute published 105 pa-
pers in refereed international journals, of
which 34 were first author publications. Dur-
ing the same period, articles with authors
from the institute were cited almost 3000
times in the international literature. In addi-
tion, 75 talks and 48 posters have been pre-
sented at international conferences by mem-

bers of the IWF. Last but not least, institute
members organized 13 sessions at interna-
tional meetings.

IWF structure and funding

IWF is, as a heritage since foundation, struc-
tured into three departments:

» Experimental Space Research
(Head: Prof. Wolfgang Baumjohann)

» Extraterrestrial Physics
(Head: Prof. Helmut O. Rucker)

» Satellite Geodesy
(Head: Prof. Hans Siinkel)

Wolfgang Baumjohann serves as Director. All
important decisions are discussed by an insti-
tute council consisting of the three research
directors and six staff members. Scientifically,
there are no walls between the three depart-
ments. Staff members from different depart-
ments work successfully together in six re-
search fields (Fig. 1).

Upper Atmosphere

Gravity Field & SLR

Lammer, Fischer Baur, Kirchner

Exoplanets ET Surfaces

Atmospheres & Magnetospheres Komle

Space Plasma Physics
Nakamura, Narita

Flight Instruments
Magnes, Steller

Fig. 1. IWF research fields and group leaders.

The bulk of financial support for the research
is provided by the OAW. Substantial support is
also provided by other national institutions, in
particular the Austrian Research Promotion
Agency (Osterreichische Forschungsférde-
rungsgesellschaft, FFG) and the Austrian Sci-
ence Fund (Fonds zur Forderung der wissen-
schaftlichen Forschung, FWF). Furthermore,
European institutions like ESA and the Euro-
pean Union contribute substantially.



Earth & Moon

In the last decades, space geodesy has be-
come an integral part in Earth and planetary
sciences. Dedicated satellite missions provide
high-quality data, which are nowadays indis-
pensable for monitoring our home planet and
to unlock secrets of the evolution of the Earth
and the solar system. IWF analyzes these data
with a special focus on the determination of
the terrestrial and the lunar gravity field, se-
lected studies of the Earth’s atmosphere and
crustal dynamics, as well as satellite laser
ranging (SLR) to Earth-orbiting spacecraft and
debris objects.

Gravity Field

Knowledge about the gravity field is the key to
unlock geophysical processes on the surface
and in the interior of a body. Furthermore,
due to the fact that satellite dynamics are
dominated by the gravitational pulls acting on
the spacecraft, the gravity field is of funda-
mental importance for orbit determination
and mission design. At IWF, gravity field re-
search activities include the analysis of data
collected by the dedicated Earth-orbiting mis-
sions GOCE and GRACE, the lunar missions
LRO and GRAI/L, and SLR to passive satellites.

GOCE

The core task of ESA’s mission GOCE (Gravity
field and steady-state Ocean Circulation Ex-
plorer, Fig. 2) is to provide data for the com-
putation of a model of the Earth’s static gravi-
ty field with unprecedented accuracy and
resolution. The GOCE satellite was launched in
spring 2009. The nominal mission duration
was one year, but owing to less fuel con-
sumption as initially expected, GOCE collected

science data for about four years. Starting in
August 2012 the orbit has been lowered in
several steps from 255 km to 225 km. The
end of mission was in November 2013, when
GOCE reentered the Earth’s atmosphere.

Fig. 2: Artist’s view of the GOCE satellite. Due to its aero-
dynamic design, the spacecraft is sometimes dubbed the
“Ferrari of space” (Credits. ESA).

Data processing: IWF together with the Insti-
tute of Theoretical Geodesy and Satellite Ge-
odesy of TU Graz form the GOCE team Graz,
which processes the official GOCE time-wise
(GOCE-TIM) gravity field solutions. This unit is
part of the European GOCE Gravity Consorti-
um, which consists of ten European institu-
tions working under ESA contract.

GOCE gravity field models: In March 2013, the
fourth generation GOCF gravity field solutions
have been released to the public by ESA. The-
se models span almost three years of data,
from November 2009 to July 2012 (opposed
to twelve months of data used for the preced-
ing third generation releases). Owing to the
longer time span and huge effort put into the
reprocessing of the science data, more small-
scale features on and near the Earth’s surface
are now detectable from the space gravimetry
measurements (Fig. 3). The fifth generaton
releases, including the entire set of GOCE da-
ta, will be compiled in 2014.



=040 =030 =020 =010 0.00 0.10 020 030 040

Fig. 3. Differences between the fourth generation and the
third generation GOCE geoid. The pattern reflects the
noise reduction in the latest gravity field solution.

Orbit analysis: The GOCE mission provides a
great opportunity to assess the performance
of approaches that have been developed dur-
ing the last decade to derive gravity field
models from kinematic satellite orbits. This is
of particular relevance against the background
that in the absence of GOCE (decommis-
sioned) and GRACE (likely to be decommis-
sioned soon) kinematic orbit analysis will be
the primary gravity field inference technique.
Led by IWF, in a joint effort together with sci-
ence institutions in Germany, Switzerland, The
Netherlands, and Austria the following meth-
ods have been evaluated against each other:

Energy balance approach
Point-wise acceleration approach
Averaged acceleration approach
Short-arc approach

Celestial mechanics approach

v Vv Vv Vv Vv

As major conclusion it turned out that apart
from energy balance, the gravity field recovery
approaches have compatible performance.
This overall finding can be drawn if and only if
a large degree of consistency in the data pro-
cessing is provided. The energy balance ap-
proach, on the other hand, shows systematic
shortcomings.

GRACE

Since 2002, considerable effort is put in the
computation of mass changes from time-
variable GRACE (Gravity Recovery And Climate

Experiment) gravity field solutions. The con-
tinuing mass loss of the Greenland ice sheets
has gained particular interest, particularly
against the background of the ongoing debate
on global climate change. The remaining
liftetime of the GRACE mission is hardly pre-
dictable, but it is very likely that a gap be-
tween GRACE and its successor GRACE follow-
on (supposed to become operational in 2017
at the earliest) occurs.

This gap can be bridged with gravity field in-
formation obtained from GASS (Global Navi-
gation Satellite Systems) tracking of low-Earth
orbiting satellites. The Swarm mission can be
considered as the most promising bridging
candidate. The spacecraft and orbit design is
comparable to that of the CHAMP (CHAlleng-
ing Minisatellite Payload) mission (operational
from 2000 to 2010); as a consequence, time
variability as seen by CHAMP provides evi-
dence of space gravimetry based mass varia-
tion detection in the absence of GRACE.

The pattern shown in Fig. 4 suggests mass
loss along the entire Greenland coastline and
slight mass accumulation in the interior. The
basin-wide CHAMP change rate is -246
+10 Gt/yr. This value deviates by only 10%
from the GRACE result (-223+10 Gt/yr).
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Fig. 4: Greenland mass variation pattern from CHAMP
time-variable gravity (2003-2009).

LRO

The NASA mission Lunar Reconnaissance Or-
biter (LRO) was launched in 2009 to prepare



for save robotic returns to the Moon (Fig. 5).
LRO is the first spacecraft in interplanetary
space routinely tracked with 1-way optical
laser ranges in addition to radiometric (Dop-
pler shift) observations. As such, the mission
provides a unique chance to investigate the
capability of laser ranging for the determina-
tion of a satellite’s orbit at a distance of
roughly 400 000 km from Earth. The analysis
of either laser ranges or Doppler data, as well
as the combination of both, allows investigat-
ing the benefit of having two independent
tracking data sets at hand.

Fig. 5. Artist’s rendering of the LRO spacecraft (Credits:
NASA).

First results indicate that LRO orbits estimated
from laser ranges alone have a precision in
total position of about 100 m. The main rea-
son for this rather large value can be traced
back to the sparse laser tracking data, on the
one hand, and the involvement of two non-
synchronous clocks, on the other hand. When
using 2-way Doppler measurements, which
are continuously available, the precision in-
creases considerably to about 15 m in total
position.

In a next step, the two measurement types
will be analyzed in a joint parameter estima-
tion procedure. The resulting “best” LRO orbit
will constitute the basis for the recovery of the
long-wavelength lunar gravity field. The lack
of tracking data over the farside of the Moon
will require regularization to stabilize the
normal equation systems.

GRAIL

The Gravity Recovery And Interior Laboratory
(GRA/L) twin-satellite mission orbited the
Moon from March to December 2012. GRA/L is
the first dedicated gravity mission in planetary
science; the mission concept (Fig. 6) is inher-
ited from the GRACE project. Prior to GRAIL,
lunar gravity field determination was limited
due to the lack of measurements on the
farside (1:1 Earth-Moon spin-orbit resonance)
and due to the accuracy of ground-based
Doppler orbit tracking data. Owing to high-
precision inter-satellite observations with
global coverage, the GRA/L mission allows to
infer the lunar gravity field with unprecedent-
ed accuracy and spatial resolution. According-
ly, GRAIL is supposed to considerably improve
our knowledge about the interior structure
and thermal evolution of the Moon.

At IWF, GRA/L data analysis is performed in
cooperation with the Institute of Theoretical
Geodesy and Satellite Geodesy at TU Graz,
making use of a novel inference technique in
planetary sciences. The inter-satellite ranging
data is exploited by an integral equation ap-
proach using short orbital arcs; it is based on
the reformulation of Newton’s equation of
motion as a boundary value problem. The
integral equation approach is an alternative to
more commonly applied gravity field recovery
methods based on variational equations.

Fig. 6: GRAIL mission design. The two satellites are fol-
lowing each other in the same orbit. Each spacecraft is
tracked from stations on the Earth via radio signals, the
relative motion between the spacecraft is observed by an
inter-satellite link (Credits: NASA).



Geodynamics

Plate observations: The relative motion of
tectonic plates is the major source of earth-
quakes. The strongest quakes occur at plate
boundaries; therefore, knowledge about the
localization and temporal variation of these
boundaries is of utmost relevance. The most
important boundary zone in Europe is the
collision zone near Greece, where the Eurasian
Plate and the Nubian Plate meet each other,
creating several minor plates and a multitude
of plate boundaries. Global Navigation Satel-
lite System (GNSS) time series can help to
model the velocities and delineations of these
plates, and hence contribute to the better
understanding of their movements. In 2013, a
new permanent GNSS network (called GREECE)
has been created from about 170 (90 of them
are presently active) freely available stations
operating from 2006-2013.

Atmosphere

Atmospheric density response to flares: In-
vestigations on the impact of flares on the
mass density in the Earth’s upper thermo-
sphere were performed. The main aim is to
use flares and Coronal Mass Ejections (CMEs)
as proxies for young Sun atmosphere re-
sponse studies. A prerequisite for this proce-
dure is the appearance of isolated solar flares.
Upper atmosphere density enhancements ex-
clusively caused by an isolated flare are not
very numerous - often they are accompanied
by CMEs. Additionally, dealing with GRACE
accelerometer data requires the events to be
“visible” for the satellite in terms of spacecraft
position.

Another difficulty is that events often appear
within short periods. Thus, the assignment of
density enhancements to flares may be am-
biguous, because knowledge about the time
delay between the appearance of the en-
hanced X-ray flux at the Earth and the density

enhancement is still sparse. Against this

background, investigations are targeting an
improved understanding of the phenomena
and CMEs. CME-
induced events, e.g., appear mainly in the

associated with flares

polar regions (Fig. 7), whereas flares can en-
hance density at the whole dayside.
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Fig. 7: GRACE-A on 17 January 2005. Blue graph. geocen-
tric latitude. Red graph.: density enhancements, the four
peaks between 11:45 h and 17:30 h are seen in the polar
regions, as it is typical for CME events.

Multipath: Apart from the Earth’s ionosphere,
multipath is still the dominant error source for
many GNSS applications. Especially multipath
effects caused by reflectors in the vicinity of
the receiver antenna are to date hard to miti-
gate or compensate. The core idea of the re-
alized concept is to generate a synthetic aper-
ture from the displacement of the antenna
element. Two antennas - one rotating and one
vertically moving - were manufactured and
tested (Fig. 8). These antennas are designed
to reduce multipath effects to a harmless lev-
el.

Fig. 8: Rotating antenna at the roof of the IWF building.
An artificial reflector realized by a copper plate was in-
stalled to generate multipath effects in addition to these
ones caused by the “natural” environment.



Satellite Laser Ranging

Besides the routine tracking of satellites
equipped with retro-reflectors (in the frame-
work of the activities of the International Laser
Ranging Service, ILRS), the experimental
tracking of space debris targets continued. In
addition, in 2013 orbit determination and
orbit prediction of debris objects was started.
Further SLR activities include bi-/multi-static
experiments and satellite spin detection.

Space debris tracking: A laser from DLR
(Deutsches Zentrum fir Luft- und Raumfahrt)
used during the last year (1 kHz, 20 mJ/shot)
was replaced by another laser borrowed from
DLR with (almost) 100 Hz repetition rate and
200 mJ/shot. New detection hardware - using
a 500 ym diameter Peltier-cooled avalanche
diode - was developed and installed. These
new detection packages yielded an increase in
efficiency and the reduction of dark noise, and
they allow for easier tracking of targets with
very low-accuracy predictions. The results
demonstrate the capability to range to debris
targets as small as 0.3 m2, and to larger tar-
gets up to distances of 3100 km. During elev-
en space debris ranging sessions, about 140
passes of debris targets have been tracked
successfully.

Precise orbit determination: The reliable and
accurate orbit determination and orbit predic-
tion of debris objects is of crucial importance
for any effort towards Space Situational
Awareness. However, the sparseness and poor
quality of available observations (Fig. 9),
missing attitude information of the objects
with respect to inertial space, and the lack of
retro-reflectors make trajectory determina-
tion/prediction a highly challenging task. By
means of tailored processing in order to cope
with these “harsh conditions”, very good re-
sults for the defunct ENVISAT satellite were
achieved. The ENVISAT orbit predictions com-
puted at IWF are officially distributed via the
ILRS website.
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Fig. 9: Spatial distribution of SLR observations to the
defunct ENVISAT satellite in September 2013 (in red).

Multi-static experiments: In addition to previ-
ous bi-static measurements, the first multi-
static experiments were successful: the SLR
stations in Zimmerwald (Swiss), Wettzell
(Germany) and Herstmonceux (UK) were able
to detect photons emitted in Graz, diffusely
reflected from debris targets (Fig. 10). Owing
to the unique concentration of SLR stations in
Europe, such multi-static observations to
space debris targets will allow for more accu-
rate orbit determination compared to stand-
alone “traditional” ranging.

ENVISAT

Zimmerwald

Fig. 10. Multi-static experiment: the passive SLR stations
in Wettzell, Zimmerwald and Herstmonceux were able to
receive photons emitted in Graz (Credits. AIUB).

Satellite spin detection: Since April 2012, the
ENVISAT satellite is defunct, and hence has to
be considered as a space debris object. The
8-tons satellite speeds along a crowded sun-
synchronous orbit in an altitude of about 800
km. Due to the lack of any control the satellite
slowly changed its attitude, and finally started
to spin. Since it is difficult to obtain infor-
mation about this attitude and the spin pa-
rameters, IWF started a campaign within the



ILRS to range again to ENVISAT, using its ret-
ro-reflectors whenever they are visible from
ground stations. Based on this SLR data it
could be shown that the ENVISAT satellite (i)
has obtained a stable orientation, fixed with
respect to its orbit, (ii) spins with an inertial
period of 134.74 s (value from 25 September
2013), and (iii) that the spin period increases
by 36.7 ms per day. The satellite spins in
counter-clockwise direction; the solar array
approaches the along track and the radial
vectors consecutively (Fig. 11).

Fig. 11: ENVISAT spin as detected by SLR. Shown is the
large-scale motion of the retro panel (+2 m).

Quantum cryptography: Within a cooperation
between IWF and the Institute for Quantum
Optics and Quantum Information (IQOQI) a
completely new detection section of the SLR
telescope was designed and started to be
built. The planned transmission of quantum
cryptography keys via satellite needs several
additional single-photon detector packages
and has to handle new wavelengths (1064 nm,
810 nm, 710 nm). While the old detection
package allows for a maximum of two differ-
ent detectors (with difficult installation and
alignment procedures) the new one is de-
signed for up to four detection channels (plus

four channels for the quantum experiment),
supported by several CCD cameras.

Nano-satellite tracking: An initiative was
started to equip nano-satellites in low-Earth
orbits with one or several retro-reflectors; this
will allow precise orbit determination not only
during the operational phase, but also beyond
the active mission lifetime - such as in case of
technical failures. It could be shown that for
orbits around 600 km altitude or lower it is
sufficient to use single, off-the-shelf, cheap
corner cubes of 10-12 mm diameter, without
special shapes or dihedral angles to compen-
sate for velocity aberration (Fig. 12).

In addition, multiple retro-reflectors on each
side of these small (and light) satellites will
allow attitude determination with an accuracy
of better than 1°. At present, four nano-
satellites are foreseen to be equipped with
retro-reflectors: OPS-SAT (ESA), TechnoSat
(TU Berlin), S-Net (TU Berlin), and CubETH
(ETH Ziirich). The launches of these satellites
are planned in 2015-2016.
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Fig. 12: Off-the-shelf retro-reflector performance. Calcu-
lated radar cross section at an orbital altitude of 600 km.



Near-Earth Space

Near-Earth space is an ideal natural laboratory
to study space plasmas physics with in-situ
measurements of the charged particles to-
gether with electric and magnetic fields. IWF
both builds instruments for satellite missions
that make measurements in this natural la-
boratory and analyzes the data obtained by
them, and participates in future planning.

Missions

The Cluster and THEMIS/ARTEMIS missions
are providing a wealth of exciting data, which
lead to many new scientific results. Further-
more, IWF is involved in the upcoming MMS
mission.

Cluster

The four Cluster spacecraft, launched in 2000,
study small-scale structures of the magneto-
sphere and its environment in three dimen-
sions. The spacecraft are taking data while
circling the Earth in polar orbits. The separa-
tion distance of the spacecraft has been varied
between 200 km and 10 000 km according to
the key scientific regions. This ESA mission
has been extended to December 2016. IWF is
Pl of the spacecraft potential control and
holds Co-I status on four more instruments.

THEMIS/ARTEMIS

NASA’s THEMIS mission, launched in 2007, is
designed to explore the origin of magnetic
storms and auroral phenomena. THEMIS flies
five identical satellites through different re-
gions of the magnetosphere. As Co-l institu-
tion of the magnetometer, IWF is participating
in processing and analyzing data. The two
outer spacecraft became a new mission,

ARTEMIS, to study the Moon, the distant
magnetotail, and the solar wind from autumn
2010. The other three THEMIS spacecraft re-
mained in their orbit to further study the dy-
namics of the inner magnetosphere.

Van Allen Probes

The Van Allen Probes (formerly known as the
Radiation Belt Storm Probes), successfully
launched in 2012, are studying the dynamics
of the radiation belts essential for under-
standing the key component of the space
weather system. The instruments on the two
Van Allen Probes spacecraft provide the
measurements needed to characterize and
quantify the processes that produce relativi-
stic ions and electrons. As one of the science
Co-I institutes, IWF analyzes the data com-
bined with other magnetospheric missions
and ground-based data.

MMS

NASA’s MMS mission (Magnetospheric Multi-
scale) will explore the dynamics of the Earth's
magnetosphere and its underlying energy
transfer processes. Four identically equipped
spacecraft are to carry out three-dimensional
measurements in the Earth's magnetosphere.
MMS will determine the small-scale basic
plasma processes, which transport, accelerate
and energize plasmas in thin boundary and
current layers. MMS is scheduled for launch in
2015. IWF has taken the lead for the space-
craft potential control of the satellites (ASPOC)
and is participating in the electron beam in-
strument (ED/) and the digital fluxgate mag-
netometer (DFG), which both are part of the
FIELDS instrument package (Fig. 13).



Fig. 13: Spacecraft 1 lifted up in the MMS clean room at
NASA’s Goddard Space Flight Center (GSFC); EDI (left),
ASPOC (upper right) and the DFG sensor on the magne-
tometer boom (lower right) are marked by yellow circles
(Credits: SwRI/Ron Black).

Active Spacecraft Potential Control (ASPOC)
instrument: End of February 2013, the last
two (out of eight) Flight Models were delivered
to the US. All models saw a complete se-
quence of integration of electronics with ion
emitter modules, comprehensive performance
testing, vibration, thermal vacuum, EMC, and
magnetic tests. Before delivery of the units in
pairs to the US, their data packages were
compiled and reviewed. Environmental testing
was uneventful with the exception of minor
issues related to the ion emitters, which re-
quired partial re-testing of two Flight Models.
Reporting, scheduling, and maintenance of
data bases were done as necessary.

After integration of the Flight Models into the
Instrument Suites and Observatories at GSFC,
a series of observatory level tests including
EMC, shock, acoustics, thermal balance and
thermal vacuum test has started. On the soft-
ware side, several improvements to the on-
board software concerning the emitter opera-
tion have been implemented and tested. After
performing the formal acceptance test, the
software will be installed on all Flight Models
once the environmental testing of the ob-
servatories has finished (June 2014). The
preparations for system tests and the in-flight
commissioning in 2015 were ongoing and the
development of the Science Data Processing
software has started.

Electron Drift Instrument (EDI). IWF contrib-
utes to £D/ with the Gun Detector Electronics
(GDE) and the electron gun. The GDE is devel-
oped by Austrian industry in close coopera-
tion with the institute, while the electron gun
is entirely developed by IWF.

The £D/ instrument for MMS is based on the
Cluster development with several improve-
ments. In 2013 IWF manufactured, calibrated
and delivered the flight units FM4 to FM7. The
contribution of the industry is completed and
all nine GDE flight models are either available
or delivered.
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Fig. 14. Pointing accuracy, typically better than 0.1°.

The calibration process is an important step
to get an accurate pointing of the electron
gun. The requirement is to emit the electron
beam with a pointing accuracy of 1° within the
2t sr. On average, the achieved accuracy is
much better. The calibration process is done
in 2° steps in polar and azimuthal angle. For
polar angles above 70° the stepsize for azi-
This results in 21600 reference
points to generate the correction table. Fig.
14 shows the perfect results for FM7 at the
1 keV energy level. FM8 is presently ma-
nufactured and will be delivered together with
the last model (FM9) in early 2014.

muth is 1°.



Digital Flux Gate magnetometer (DFG): DFG is
based on a triaxial fluxgate developed by the
University of California, Los Angeles, and a
front-end Application Specific Integrated Cir-
cuit (ASIC) for magnetic field sensors. The
ASIC has been developed by IWF in coopera-
tion with the Fraunhofer Institute for Integrat-
ed Circuits in order to reduce the size, mass
and power consumption of the near sensor
electronics. In 2013, the spare model of DFG
was assembled and calibrated at IWF. Parallel
to the final hardware assembly activities, IWF
supported the spacecraft integration of the
flight magnetometers with all related func-
tional tests.
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Fig. 15. Difference between spin axis component EDI and
FGM fields for (a) the original calibrated data and (b)
offset calibrated data.

Cross Calibration: New methods of determin-
ing spin axis offset of the flux magnetometers
(FGM) using absolute magnetic field values
deduced from the time of flight data from the
EDI/ measurements have been investigated to
be included as part of the in-flight magne-
tometer calibration for MMS. Using Cluster
data, it is demonstrated that the method
works when the effects of the different mea-
surement conditions, such as direction of the
magnetic field relative to the spin plane and
field magnitude, as well as the time-of-flight
offset of the ED/ measurements are properly
taken into account (see Fig. 15).

EMS

The Electro-Magnetic Satellite (EMS) mission is
scheduled for launch end of 2016 and will be
the first Chinese platform for the investigation
of natural electromagnetic phenomena with
major emphasis on earthquake monitoring
from a polar Low Earth Orbit (LEO).

The EMS magnetometer is developed in coop-
eration between the Center for Space Sciences
and Applied Research (CSSAR) of the Chinese
Academy of Sciences, IWF and the Institute of
Experimental Physics of the Graz University of
Technology (TUG). CSSAR is responsible for
the dual sensor fluxgate magnetometer, the
instrument processor and the power supply
unit, while IWF and TUG participate with the
newly developed absolute scalar magnetome-
ter called CDSM. In 2013, the CDSM Engineer-
ing Model was manufactured and tested. It is
scheduled for delivery to China end of Febru-
ary 2014.

Space Weather Magnetometer

The Magnetometer Front-end ASIC (MFA) de-
veloped by IWF, together with Anisotropic
Magneto-Resistive (AMR) sensors, is in use for
the development of a service oriented magne-
tometer package for space weather measure-
ments. It is a flexible design with up to six
magnetic field sensors. The MFA-AMR combi-
nation is used for detecting and characteriz-
ing magnetic disturbers of the spacecraft
body so that the data measured by the
fluxgate sensor at the tip of an up to 2 m long
boom (also part of the package) can be cor-
rected for the spacecraft magnetic fields. It is
planned to fly such magnetometers on mis-
sions, which are not necessarily dedicated to
scientific objectives but which go to orbits
where space weather forecast measurements
are useful. In 2013, an ESA-funded first pro-
totype of the MFA-AMR magnetometer was
developed.
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Physics

Various data from ongoing missions are ana-
lyzed and theoretical models are developed to
describe the physical processes responsible
for the formation of structures and phenome-
na in the Sun-Earth system at different scales.
Most of the data analysis is performed using
data provided by the ongoing Cluster and
THEMIS missions, as well as other magneto-
spheric missions and ground-based observa-
tions. The studies deal with interactions be-
tween solar wind and magnetosphere, internal
disturbances in the magnetosphere such as
plasma flows and waves, and plasma instabili-
ties including magnetic reconnection.

Current sheet thickness in the FEarth’s
magnetotail: A new mathematical tool has
been developed to unambiguously and direct-
ly estimate the current sheet thickness in the
Earth’s magnetotail. The technique is a com-
bination of eigenvalue analysis and minimum
variance estimation adapted to a Harris cur-
rent sheet geometry, and needs simultaneous
four-point magnetic field data as provided by
the Cluster spacecraft. Two current sheet pa-
rameters, thickness and distance to the
spacecraft, can be determined any time.

The method was applied to an interval of
Cluster magnetotail crossings in 2006 under
quiet magnetospheric conditions, and the
current sheet thickness was estimated to be
on the scale of the local proton gyroradius (of
the order of several thousand km). Fig. 16
displays the histogram of the current sheet
thickness in units of the local proton gyro-
radius. The thickness is distributed from the
proton gyroradius (or smaller) up to 20
gyroradii. The histogram fits reasonably a
combination of Gaussian distributions, cen-
tered at about 1.4, 3.1, and 9.3 gyroradii.
Large variation in the thickness distribution
agrees with the earlier estimates using differ-
ent methods, and supports the notion of mul-
ti-scale or embedded current sheet struc-

tures. The analysis technique can be used to
track the dynamical evolution of the current
sheet structure in the magnetotail.
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Fig. 16. Histogram of determined current sheet thickness
d normalized to gyroradius of thermal protons. Dashed
lines show fittings with multiple Gaussian distributions.

Magnetic field topology of the plasma sheet
boundary layer (PSBL): The PSBL is situated
between the magnetotail lobe and the central
plasma sheet, a region that is thought to be
primarily responsible for mass and energy
transport between the magnetosphere and the
high-latitude ionosphere during disturbed
geomagnetic conditions. The 3D magnetic
field topology of the PSBL is shown for the
first time (Fig. 17), using the reconstruction
method, which is an analysis method that
applies single spacecraft data to MHD force
balance equations in order to recover the sur-
rounding spatial structures of plasma and
fields measured by the Cluster spacecraft
during the substorm recovery phase.
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Fig. 17: 3-D illustration of the reconstructed PSBL with
the plasma density in color.

In Fig. 17, the black and magenta magnetic
field lines are oriented tailward, starting at



Z'=1000 km along the line Y'=0km and
1000 km, respectively. The figure reveals that
the field lines are being perturbed along the
dawn-dusk direction, resulting in a wavy
magnetic structure for the PSBL. In addition,
the wavy PSBL structure is found to have sig-
nificant electric currents along the magnetic
field lines. These field-aligned currents can be
well estimated by the reconstruction method.

Anti-sunward high-speed jets in the subsolar
magnetosheath: Using four years data of
NASA's five-spacecraft THEMIS mission, the
properties and favorable solar wind conditions
for the occurrence of high-speed jets in
Earth's subsolar magnetosheath were studied.
High speed jets occur downstream of the qua-
si-parallel bow shock, i.e., when the inter-
planetary magnetic field is essentially directed
along the Earth-Sun-line. Jet occurrence is
only very weakly dependent on other up-
stream conditions or solar wind variability.
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Fig. 18: Distributions of solar wind (SW) and magneto-
sheath (MSH) ion dynamic pressure, velocity, density, and
magnetic field observations in general, as well as before
and during high-speed jets (HS)).

Relative to the ambient magnetosheath, high-
speed jets exhibit much higher plasma speed,
somewhat higher density and magnetic field

intensity (see Fig. 18), but lower and more
isotropic temperatures. The jets are almost
always super-Alfvénic, often even super-
magnetosonic, and typically feature twice as
high total pressure toward the magnetopause
as the surrounding plasma does. Consequent-
ly, high-speed jets are likely to have a signifi-
cant impact on the magnetosphere and iono-
sphere if they hit the magnetopause.

Azimuthal size of flux ropes near lunar orbit:
Magnetic flux ropes are formed during mag-
netic reconnection in the Earth’s magnetotail
and serve as transporter of magnetic flux,
energy and accelerated plasma during the
course of substorms. Previous observations of
flux ropes in the mid- and distant tail were
restricted to single spacecraft observations.
Hence, an accurate determination of spatial
scales of these 3D structures is difficult. With
ARTEMIS, two probes cross the magnetotail
near lunar orbit for ~4 days every lunar month
and allow two-point flux rope observations.
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Fig. 19: Magnetic field observations made by ARTEMIS
probes P2 (top) and Pl (middle) during two flux rope
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indicates different paths of the probes through the flux
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ARTEMIS observations (Fig. 19) show that the
typical dawn-dusk flux rope extent is ~6 RE
and hence smaller than previously thought.
For high geomagnetic activity levels flux ropes
with azimuthal size >9 RE are common. Flux
rope crossings at different distances to their
axis also reveal their internal structure.

Transient electron precipitation during oscil-
latory BBF braking: Using THEMIS data ac-
quired on 17 March 2008 between 10:22 and
10:32 UT (Fig. 20) the mechanism of transient
electron injection into the loss cone during
oscillatory bursty bulk flow (BBF) braking is
studied. During braking, transient regions of
piled-up magnetic fluxes are formed. Perpen-
dicular electron anisotropy observed in these
regions may be a free-energy source for co-
existing whistler waves. Parallel electrons with
energies of 1-5 keV disappear inside these
regions and transient auroral forms are ob-
served simultaneously by the all-sky imager
at Fort Yukon. Quasi-linear diffusion coeffi-
cients during electron resonant interaction
with whistler waves are estimated. It is found
that electron injection into the loss cone is
caused by whistler waves scattering.
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Fig. 20. THEMIS data on 17 March 2008 between
10:22:00 and 10:32:00 UT: (a) total luminosity observed
by the all-sky imager at Fort Yukon, (b) Z-component of
the magnetic field oscillations from search-coil magne-
tometer (SCM), (c) X-, Y-, and total component of the ion
velocity from ESA, (d) Z-, and total component of the
magnetic field from fluxgate magnetometer (FGM), (e)
electron energy spectrogram, and (f) electron density
from ESA at PI.

Dipolarization front and flow bouncing: One
in the Earth's
magnetotail physics is the dissipation process

of the unsolved problems

of the Earthward transported energy via fast
plasma flows. Interaction between the fast
accompanied by
sharp magnetic field front structure, called

Earthward plasma flows

the dipolarization front, and the ambient
plasma in the near-Earth nightside magneto-
sphere is studied based on Cluster multi-
point observations. A series of dipolarization
fronts were detected starting with a localized
(<2 RE) dipolarization front and ending with a
large scale (>10 RE) and stronger dipolariza-
tion front immediately followed by flow
bouncing, i.e. reversal of the flow direction
(Fig. 21). The stronger electric field and sub-
stantial changes in particle energy suggest
that the major energy conversion takes place
in the near-Earth flow bouncing region rather
than during the Earthward propagation of the
dipolarization front. Although the overall en-
hanced energetic electron flux seems to be
dependent on the spatial scale of the front
and the strength of the dawn-to dusk electric
field, it is shown that a major energization
event can take place locally or temporal in the
near-Earth region.
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Fig. 21.: Cluster (C1, C2, C3) observations of dipolari-
zation fronts (I-V). (a) EY (dawn-to-dusk electric field), (b)
BZ (magnetic field component showing dipolarization),
and (c¢) differential flux of high-energy electrons from C1
and (d) the orientation of the dipolarization fronts in the
X-Y (equatorial) plane. The arrows show the propagation
of the dipolarization front determined from multipoint
observations.



Solar System

IWF is engaged in many space missions, ex-
periments and corresponding data analysis
addressing solar system phenomena. The
physics of the Sun and the solar wind, its in-
teraction with solar system bodies and various
kinds of planetary atmospheres and surfaces
are under investigation.

Sun & Solar Wind

The Sun’s electromagnetic radiation, magnetic
activity, and the solar wind are strong drivers
for various processes in the solar system.

Solar Orbiter

Solar Orbiter is a future ESA space mission to
investigate the Sun, scheduled for launch in
2017. Flying a novel trajectory, with partial
Sun-spacecraft corotation, the mission plans
to investigate in-situ plasma properties of the
near solar heliosphere and to observe the
Sun’s magnetized atmosphere and polar re-
gions. IWF builds the digital processing unit
(DPU) for the Radio and Plasma Waves (RPW)
instrument onboard Solar Orbiter and has
calibrated the RPW antennas, using numerical
analysis and anechoic chamber measure-
ments. Furthermore, the institute contributes
to the magnetometer.

Radio and Plasma Waves (RPW): RPW will
measure the magnetic and electric fields at
high time resolution and will determine the
characteristics of the magnetic and electro-
static waves in the solar wind from almost DC
to 20 MHz. Besides the 5-m long antennas
and the AC magnetic field sensors, the in-
strument consists of four analyzers, the ther-
mal noise and high frequency receiver, the

time domain sampler, the low frequency re-
ceiver, and the bias unit for the antennas. The
control of all analyzers and the communica-
tion with the spacecraft will be performed by
the DPU.

The institute is responsible for the design of
the DPU hardware and the boot software. In
the first quarter of 2013 the prototype board
has been delivered to LESIA to be used as ref-
erence model for the flight software develop-
ment. The two engineering models, a fully
flight representative model, but on lower
components quality level, has been delivered
in the third quarter. Presently, minor re-
design and -layout is under preparation, im-
plementing the “lessons learned” from the
engineering model. A first release of the boot
software has been delivered too. The next
development step, the qualification model
with the final boot software, will keep the
team busy until mid 2014.

Fig. 22: A scale model of the Solar Orbiter spacecraft
placed in an anechoic chamber for antenna calibration
measurements.

The E-field sensors (boom antennas) of the
RPW instrument aboard the Solar Orbiter
spacecraft are subject to severe influences of
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the conducting spacecraft body. Different
methods were employed to find the true an-
tenna properties. In an effort to complement
numerical simulations, a 1:50 scale model of
the spacecraft has been built and tested in an
anechoic chamber as depicted in Fig. 22.

Direct comparisons between numerical simu-
lation and measurement have been made,
providing an important benchmark for the
numerical results. The top two radiation pat-
terns in Fig. 23 show a reasonable agreement
between the anechoic chamber measurements
(left) and FEKO numerical simulations (right).
the co- and
crosspolar patterns have also been measured

In the anechoic chamber,

(c.f. Fig. 23 bottom), which provide useful
input to goniopolarimetry techniques like po-
larization analysis, direction finding and ray
tracing.

Fig. 23: Directivity patterns for Solar Orbiter scale mode/
at 600 MHz (scales down to 600/50=12 MHz). Top: ane-
choic chamber measurement (left) compared to FEKO
simulation (right). Bottom. copolar (left) and crosspolar
(right) anechoic chamber measurements.

Physics

Radio seismology of the outer solar corona:
Energetic electron beams generated during
solar flares excite Langmuir oscillations in
coronal loops, which emit radio emission at

corresponding frequencies as type IV bursts.
Global oscillations of coronal loops excited by
the same flare modify the electron beam den-
sity, which may influence the amplitude of
Langmuir oscillations and consequently the
intensity of radio emission. Therefore, long
period modulations of radio emission intensi-
ty could be caused by coronal loop oscilla-
tions. Comparison of observed periodicities
with the theoretical spectrum of coronal loop
oscillations allows estimation of the plasma
parameters in the coronal loops.
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Fig. 24: Schematic picture of radio emission from a
transequatorial coronal loop after C2.3 solar flare on 14
April 2011.

The large Ukrainian radio telescope URAN-2
observed type IV radio burst in the frequency
range of 8-32 MHz during the time interval of
09:50-12:30 UT on 14 April 2011. The burst
was connected to a C2.3 flare, which occurred
in the active region AR 11190 during 09:38-
09:49 UT. Wavelet analysis at four different
frequencies (29 MHz, 25 MHz, 22 MHz, and
14 MHz) shows the quasi-periodic variation of
emission intensity with periods of 34 min and
23 min. The periodicity can be explained by
the first and second harmonics of trans-
equatorial coronal loop oscillations (Fig. 24).
The apex of transequatorial loops may reach
up to 1.2 Rs, where Rs is the solar radius,
therefore the estimation of plasma parameters



at these heights is possible. The seismo-
logically estimated Alfvén speed at 1 Rs is
~1000 km s-'. Consequently, the magnetic
field strength at this height is estimated as
~0.9 G. Extrapolation of magnetic field
strength to the inner corona gives ~10 G at
the height of 0.1 Rs. Radio observations can
be successfully used for the sounding of the
outer solar corona, where EUV observations of
coronal loops fail because of rapid decrease in
line intensity.

Doppler effect in solar wind turbulence: A
theoretical model of the energy spectrum for
solar wind turbulence has been constructed
by incorporating the effects of Doppler shift
and broadening. In this model the solar wind
magnetic field data measured by the four
Cluster spacecraft (Fig. 25) were analyzed.
This is the very first study of detailed spatio-
temporal dynamics in solar wind turbulence
using Cluster data and the high-resolution
spectral analysis “Multi-point Signal Resona-

tor.
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Fig. 25: Panel (a): Energy spectrum derived from magnetic
field data of Cluster, using the high-resolution wave
number analysis technique. Panel (b): Reconstruction of
the turbulence spectrum using the Doppler-shift-and-
broadening model.

The measured Doppler shift was consistent
with that expected from the ion bulk speed,
while the measured Doppler broadening was
not small as expected from the amplitude of
the fluctuations in the ion bulk speed but
much larger. The discrepancy in the Doppler
broadening indicates that solar wind turbu-
lence does not represent only anti-sunward
propagating
propagating waves toward the Sun. The large

waves, but also counter-

Doppler broadening also implies that Taylor’s

frozen-in flow hypothesis, time series are
purely convected spatial structures, is invalid
for solar wind turbulence.

Mercury

Mercury is now in the center of attention be-
cause of the current NASA Messenger mission
and the upcoming ESA/JAXA BepiColombo
mission. The planet has a weak intrinsic mag-
netic field and a mini-magnetosphere, which
strongly interacts with the solar wind.

BepiColombo

Two spacecraft, to be launched in 2016, will
simultaneously explore Mercury and its envi-
ronment: the Japanese Magnetospheric (MMO)
and ESA's Planetary Orbiter (MPO). IWF plays a
major role in developing the magnetometers
for this mission: it is leading the magnetome-
ter investigation aboard the MMO (MERMAG-
M) and is responsible for the overall technical
management of the MPO magnetometer
(MERMAG-P). For MPO, IWF also leads the de-
velopment of PICAM, an ion mass spectrome-
ter with imaging capability, which is part of
the SERENA instrument suite, to explore the
composition, structure, and dynamics of the
exo/ionosphere.

Fig. 26: A MERMAG-P Flight Model with electronics box
(center), two fluxgate sensors (front right and left) and
two thermal protection covers for the fluxgate sensors
with highly reflective mirrors (background right and left).

In the first half of 2013, the instrument level
testing of the MERMAG-P Flight Model (Fig.
26) was finished. In July 2013 it was delivered
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to Turin for integration on the MPO space-
craft. The MERMAG-M Flight Model (FM) elec-
tronics and sensor, which were delivered to
Japan in 2012, were mounted on the MMO
spacecraft early in 2013. In the following
months, the MMO spacecraft had to pass a
number of environmental tests like vibration
and electro-magnetic compatibility under the
supervision of Japanese space companies.

For PICAM, 2013 was mainly devoted to envi-
ronmental, functional and performance test
campaigns for the qualification model. Envi-
ronmental testing started with the successful
vibration and shock test in January, followed
by the thermal vacuum (TV) test and the veri-
fication of the physical properties during
summer. A non-conformance in the course of
the TV test triggered an extensive review of
the sensor design resulting in an improve-
ment of various mechanical parts. The time
in-between the environmental verification
campaigns was used for intensive functional
and performance test runs, which verified the
sensor’s behavior. The Qualification Model
(Fig. 27) was finally delivered in October as a
temporary FM replacement for system inte-

gration tests.

TSR

Fig. 27: PICAM Qualification Model in its final configura-
tion, mounted on the transport plate.

In parallel, the FM campaign made good pro-
gress. Electronics including its box and the
sensor mechanics became available by No-
vember. Exhaustive thermal balance tests in
particular of the ion optics were carried out
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afterwards. The development of the detector
electronics by the French partner LPP was
again hampered by problems with the front-
end ASIC. However, a final decision on the
ASIC issue cleared the way for the detector
assembly and testing as well as for the inte-
gration of the PICAMFM in 2014.

Venus & Mars

Two terrestrial planets are located just inside,
Venus at 0.7 AU (AU = Astronomical Unit,
distance Earth-Sun), and just outside, Mars at
1.5 AU, of the Earth’s orbit around the Sun.
Venus has a radius only slightly smaller than
Earth and is differentiated; it does, however,
not exhibit an internal magnetic field. Mars
has a radius about half as big as that of the
Earth, is also differentiated, but only exhibits
remnant surface magnetization of a now de-
funct internal dynamo. Venus is characterized
by a very dense atmosphere, whereas Mars
has a very tenuous one. Both planets generate
a so-called induced magnetosphere by their
interaction with the solar wind.

Venus Express

ESA’s first mission to Venus was launched in
2005. IWF takes the lead on one of the seven
payload instruments, the magnetometer VEX-
MAG, which measures the magnetic field vec-
tor with a cadence of 128 Hz. It maps the
magnetic properties in the magnetosheath,
the magnetic barrier, the ionosphere, and the
magnetotail.

During 2013, the Venus Express spacecraft
continued operating normally. The magne-
tometer remained ON during the whole year
and collected magnetic field data both near
Venus and in interplanetary space. Routine
data processing and cleaning of the magnetic
field measurements was undertaken for 1 Hz
data. The software for data cleaning and pro-
cess is robust and error-free. All data were
cleaned and issued to the science community.
Cleaning on 32 Hz data has been continued



for part of the data. Archiving of all available
data has been carried out and all data have
been delivered to ESA’s Planetary Data Sys-
tem.

InSight

NASA’s /nSight Mission to Mars (with an antic-
ipated launch date 2016) is progressing ac-
cording to plan. IWF is contributing to a self-
penetrating probe, nicknamed "the mole",
whose aim is to measure the planetary heat
flux and the soil properties down to a depth
of 5 m below the Martian surface. IWF is re-
sponsible for the investigation of the soil-
mechanical aspects of the mole penetration.

Physics

The solar wind interacts directly with the at-
mosphere of Venus in contrast to the situation
at the Earth whose magnetic field protects the
upper atmosphere. Still Venus’ atmosphere is
partially shielded by an induced magnetic field
and it needs to be understood how effective
that shield is. It is expected that the effective-
ness varies with solar activity but current un-
derstanding of the solar wind interaction with
Venus is derived from measurements at solar
maximum only. Venus Express, with improved
instrumentation, a different orbital trajectory,
and observations at solar minimum, enables
understanding the evolution of the Venus at-
mosphere caused by the solar wind interac-
tion.

Venusian flux ropes. Early Pioneer Venus ob-
servations during the solar maximum revealed
that Venus’ ionosphere exhibits two magnetic
states depending on the solar wind dynamic
pressure conditions: a magnetized ionosphere
with a large-scale horizontal magnetic field;
or an unmagnetized ionosphere with numer-
ous small-scale thin structures, so-called flux
ropes. Observations from Venus Express dur-
ing solar minimum indicate yet another mag-
netic state of Venus’ ionosphere, giant flux
ropes in the magnetized ionosphere (Fig. 28).
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Fig. 28: Examples of giant flux ropes observed in the
magnetized ionosphere at Venus. The ALT and SZA are
the altitude and solar zenith angle at periapsis.

These giant flux ropes all have strong core
fields and diameters of hundreds of kilome-
ters, which is about the vertical dimension of
the ionosphere. They are found to be quasi-
stationary. The rope’s axis is mainly quasi
perpendicular to the solar wind flow direction
and the core field orientation is highly corre-
lated with the IMF BY direction. It is suggested
that giant flux ropes are formed due to the
solar wind interaction with Venus, most prob-
ably in the magnetotail, and later transported
and deposited in the ionosphere at the termi-
nator.

Escape of the Martian protoatmosphere:. Lat-
est research in planet formation indicates that
Mars formed within a few million years and
remained a planetary embryo that never grew
to a more massive planet. Using estimates for
the initial water content of the planet’s build-
ing blocks, the nebula-captured hydrogen
envelope and catastrophically outgassed water
dominated steam atmosphere during the so-
lidification of Mars’ magma ocean has been
modeled. Then a hydrodynamic upper atmos-
phere model was applied to study the soft X-
ray and extreme ultraviolet (XUV) driven ther-
mal escape during the early active epoch of
the young Sun. The solar XUV flux was 100
times higher than today. Combined with the
low gravity of the planet, this results in Mars
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having lost its nebular captured hydrogen
envelope after the nebula gas evaporated,
during a short 0.1-7.5 Myr period. After the
solidification of early Mars’ magma ocean,
catastrophically outgassed volatiles in a range
of 50-250 bar H,O and 10-55 bar CO; atmos-
phere could have been lost during 0.4-12 Myr
(see Fig. 29) If the impact related energy flux
of large planetesimals and small planetary
embryos to the planet’s surface lasted long
enough the steam atmosphere could have
been prevented from condensing. It can be
expected that after the loss of the
protoatmosphere during the most active XUV
period of the young Sun, a secondary atmos-
phere may have evolved by a combination of
volcanic outgassing and impacts 4:0+0:2 Gyr
ago, when the solar XUV flux decreased to
values less than 10 times of today’s Sun.
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Fig. 29: Example of the temporal evolution of the partial
surface pressures normalized to the total initial surface
pressure Pow Of an outgassed steam atmosphere with
108 bar H:0 and 22 bar CO: surface pressure during
about 5 Myr after its formation.

Jupiter & Saturn

Jupiter and Saturn are the two largest planets
in the solar system. Because of their atmos-
pheric composition they are called “gas gi-
ants”. Both planets rotate rapidly (approxi-
mately 10 hours) and are strongly magnet-
ized, with the Jovian field a multipole field
tilted at 10° and the Kronian field almost di-
polar and perfectly aligned with the rotational
axis. The magnetospheres are dominated by
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internal plasma sources, generated by the
large number of moons, particularly lo at Ju-
piter and Enceladus at Saturn. The gas giants
are also strong sources of radio emissions.

Cassini

The Cassini spacecraft is still orbiting Saturn,
the second largest planet in our solar system.
The 2013 spacecraft orbits were inclined by
~50°-60° with respect to Saturn’s equatorial
plane. In this year Cassini performed eight
Titan flybys and its last close flyby of the
Saturnian moon Rhea.

JUICE

ESA’s first Large-class mission J/Upiter ICy
moons Explorer (JUICE) is planned for launch
in 2022 and arrival at Jupiter in 2030. It will
spend at least three years making detailed
observations of the giant gaseous planet Jupi-
ter and three of its largest moons, Ganymede,
Callisto and Europa. Its instruments were se-
lected in February 2013. IWF was successful in
obtaining Col-ship for three different selected
instrument packages. For the Jupiter Magnetic
Field Package (J-MAG) IWF participates in the
development of the baseline fluxgate magne-
tometers. The development of an additional
scalar sensor, by IWF in collaboration with TU
Graz, is defined as optional. A decision on the
scalar sensor is expected for April 2014 as an
outcome of the Instrument Preliminary Re-
quirements Review of J/-MAG. The Particle
Environment Package (PEP) is a plasma pack-
age with sensors to characterize the plasma
environment in the Jovian system and the
composition of the exospheres of Callisto,
Ganymede, and Europa. IWF participates in the
PEP consortium on Co-I basis in the scientific
studies related to the plasma interaction and
exosphere formation of the Jovian satellites.
Last but not least, IWF is responsible for the
antenna calibration of the Radio and Plasma
Wave Investigation (RPWI) instrument. Here,
first numerical simulations of the antenna
characteristics of the three RPW/ monopoles



have been performed. The antenna triad was
placed on the central spacecraft body and on
the magnetometer boom to find the configu-
ration with the best performance.

Juno

Junois a NASA mission to the gas giant Jupiter
that was launched in 2011 and will enter into
a Jovian orbit in 2016. On 9 October 2013 the
spacecraft obtained a gravity-assist sling-
shot from an Earth flyby putting it on its way
to Jupiter almost perfectly. Juno will be in a
polar orbit, which is the first of its kind and is
solely powered by solar panels, another first.
Its scientific objectives are a.o. determining
the water content in Jupiter’'s atmosphere,
map the magnetic and gravity fields, and ex-
plore the magnetic pole regions, specifically
the aurorae. IWF was involved in the antenna
calibration of the WAVES instrument, which
will investigate the auroral acceleration region
and measure radio and plasma waves.

Physics

Periodic bursts of Jovian non-lo decametric
radio emission (DAM): Three groups of peri-
odic radio bursts in Jovian non-lo controlled
DAM have been analyzed. The radio emission
was recorded by Cassini, Wind and STEREOQ in
the decametric frequency range. The main
group is observed as a series of arc-like radio
bursts with negative frequency drift (vertex-
late bursts, Fig. 30 a) which reoccur with
~1.5% longer period than the Jovian magneto-
sphere rotation rate. The occurrence of these
bursts is correlated with pulses of the solar
wind ram pressure at Jupiter. In the second
group the arc-like periodic radio bursts ex-
hibit positive time-frequency drift (vertex-
early bursts, Fig. 30 b). In contrast to the main
group the vertex-early bursts reoccurred with
the period close to the Jupiter rotation and
were typically observed during 7-10 Jupiter
rotations. The last observed group is of the
rarely recorded non-arc periodic radio fea-

tures in the form of a broad beamed radio
emission, lacking clear discrete features (Fig.
30 ).
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Fig. 30: Examples of vertex-late (panel a), vertex-early
(panel b) and non-arc (panel ¢) periodic radio bursts of
Jovian non-lo DAM.

Comparative magnetotail flapping: Magneto-
tail flapping (the up-and-down wavy motion)
is commonly observed in the Earth’s magne-
tosphere. Now a comparison of flapping at the
Earth and the two giant planets Jupiter and
Saturn has been performed. Due to single
spacecraft missions at the giant planets this
can only be done through investigation of the
current sheet normal of the magnetotail. A
case can be made that magnetotail flapping
also occurs at Jupiter and Saturn. Calculations
of the wave period using generic magnetotail
models show that the observed periods are
much shorter than their theoretical estimates.
However, this discrepancy can be caused by
unknown input parameters for the tail models
(e.g., current sheet thickness) and by possible
Doppler shifting of the waves in the spacecraft
frame through the fast rotation of the giant
planets.

Lightning in Saturn’s atmosphere: Saturn’s
GWS (Great White Spot) of 2010/2011 was
further investigated using data from the Cas-
sini camera in combination with its Radio and
Plasma Wave Science (RPWS) instrument. The
GWS was a giant thunderstorm that raged in
Saturn’s northern hemisphere for about nine
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months and emitted radio waves caused by
lightning discharges. Fig. 31 displays Cassini
images of the GWS which show the western-
most head region and the storm’s long tail.

RPWS data indicated that the storm’s head
was the main center of lightning activity, but
the region of active thunderstorm cells also
extended eastward into the tail. This was con-
firmed by the first optical observation of
flashes on Saturn’s dayside located eastward
of the head (see Fig. 31).

Fig. 31: The upper part of this figure shows two Cassini
images taken on 6 March 2011. The left panel shows a
blue spot attributed to a lightning flash, which is absent
in the right panel image taken half an hour later. The
lower part of this figure displays two Saturn images to
show the large extent of the Great White Spot (GWS).

The head region periodically spawned anti-
cyclonic vortices, and the optical flashes ap-
peared in the cyclonic gaps between them
where the atmosphere looked clear down to
the level of deep clouds. The largest anti-
cyclonic vortex in the tail drifted with a rate
that was 2°/day slower than the head. Hence,
after about half a year one caught up with the
other, and it came to a head-vortex collision
in mid-June 2011. This led to a significant
decrease of lightning and convective activity,
which became intermittent and finally ended
in late August 2011.

Comets

In recent years, successful space missions like
Giotto, VEGA, Stardust, Deep Impact, and oth-
ers have dramatically increased our knowl-
edge on comets and their nuclei from flybys
only. The next major milestone will be the
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arrival of Rosetta at comet 67P/Churyumov-
Gerasimenko (short Chury) in 2014 and the
landing of Philae on the comet’s surface.

Rosetta

ESA’s Rosetta probe is continuing its already
nine year long journey to comet Chury. Solar
panels are the only energy source for the
spacecraft, which do not supply enough ener-
gy around Rosetta’s aphelion. Therefore, the
craft has been placed into sleeping mode.
After a successful wake-up call in January
2014, the commissioning phase for the in-
struments will start. Rosetta will arrive at the
comet in summer 2014 and after an extensive
surface mapping the Philae lander will be
dropped onto the comet’s nucleus. IWF partic-
ipates in five instruments aboard both orbiter
and lander and concentrates now on prepara-
tory work for data evaluation and interpreta-
tion.

Physics

Cometary outgassing. In view of the expected
landing of Philae in November 2014 a theo-
retical model has been developed, describing
the emission of gases from cometary crevass-—
es. It includes both the possible transfor-
mation of amorphous ice into crystalline ice
and the sublimation from the icy surface. Two
qualitatively different cases have been stud-
ied: (i) free sublimation from the ice-filled
crack and (i) sublimation and diffusion
through a thin dust mantle evolving over time.

170
160
150
140+
130+ 38th qusr‘,’?
1201 -
llo /

100+

90
4 35 -3

Temperature [K]

17t maximum

2.5 =2 -1.5
y-coordinate [m]

Fig. 32: Temperature development at different depth
levels in a cometary crevasse filled by water ice and cov-
ered by a thin dust mantle. The distance from the Sun is
2.7 AU, which corresponds to the solar distance of comet
Chury at the expected landing time of Philae.



Fig. 32 shows the evolution of the tempera-
ture over time for an ice-filled crack covered
by a thin dust mantle. For the MUPUS experi-
ment aboard Philae calibration measurements
have been performed using an engineering
model of the MUPUS penetrator in the cryo-
vacuum chamber.

Exoplanets

The field of exoplanet (i.e. planets around
stars other than our Sun) research has devel-
oped strongly, in the past decade. Since the
discovery of 51 Peg b, the first Jupiter-type
gas giant outside our solar system, more than
1000 exoplanets, about 800 planetary sys-
tems with more than 170 multiple planet sys-
tems have been detected. Better observational
methods have led to the finding of so-called
super-Earths, some of them even inside the
habitable zones of their host stars. However,
the majority of super-Earths have low average
densities, which indicate that they are sur-
rounded by dense hydrogen envelopes or vol-
atiles. By minimizing the uncertainties of the
radii with the upcoming missions CHEOPS and
PLATO densities and hence the structure of
these planets will be better determined.

CHEOPS

ESA’s first Small-class mission CHEOPS (CHar-
acterizing ExOPlanets Satellite) will be the first
space mission dedicated to characterize exo-
planets in detail. It will focus on exoplanets
with typical sizes ranging from Neptune down
to Earth diameters orbiting bright stars, trying
also to specify the components of their at-
mospheres. CHEOPS will be implemented un-
der the leadership of the University of Bern,
Switzerland, with Belgium, Italy, Sweden, UK,
and Austria delivering substantial contribu-
tions. Austria will contribute the back-end-
electronics, which contains the Digital Pro-
cessing Unit (DPU) built by IWF Graz and the
power supply for the entire electrical sub-
system built by RUAG Space Austria in Vienna.

The redundant DPU will handle the complete
data traffic, control the camera and compress
the data stream. In addition, it will conduct
the thermal control for the optical elements
except the image sensor itself. It has a
planned mission lifetime of 3.5 years, during
which it will observe approx. 500 bright stars
and characterize their planets.

Physics

Exoplanet atmosphere-magnetosphere stud-
/es: The discovery of transiting super-Earths
with inflated radii and known masses, such as
Kepler-11b-f, GJ 1214b and 55 Cnc e, indi-
cates that these exoplanets did not lose their
nebula-captured hydrogen-rich, degassed or
impact-delivered protoatmospheres by at-
mospheric escape processes. The hydrody-
namic blow-off escape criteria of seven hy-
drogen-dominated super-Earths were studied
by applying a time-dependent numerical al-
gorithm which solves the 1D fluid equations
for mass, momentum and energy conserva-
tion. Results as those shown in Fig. 33 indi-
cate that the upper atmospheres of super-
Earths can expand to large distances, so that,
except for Kepler-11c¢, all of them experience
atmospheric mass-loss due to Roche lobe
overflow.

The atmospheric mass loss of the studied
super-Earths is one to two orders of magni-
tude lower compared to that of “hot Jupiters”
such as HD 209458b, which are exposed to
higher XUV fluxes at closer orbital distances.
The loss rates of these exoplanets are too
weak so they cannot lose their hydrogen en-
velopes during their remaining lifetimes. The-
se results are also supported by stellar wind
induced ion pick-up studies of hydrogen en-
velopes of super-Earths. Using a Monte Carlo
simulation of stellar wind-plasma interaction,
it is found that thermal escape rates of
hydrodynamically outward flowing neutral
atoms exceed the non-thermal H+ loss rates
up to an order of magnitude. Therefore, it is
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possible that super-Earths at orbital distances
greater than 0.1 AU may not lose their pri-
mordial atmosphere.
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Fig. 33: Modeled temperature profiles of the super-£Earths
55 Cnc e, GJ 1214b, Kepler-11b-f from the lower ther-
mosphere up to the Roche lobe distance n. for a heating
efficiency with n=15%.

Furthermore, the XUV-heated outward ex-
panding upper atmospheres may also be in-
fluenced by the presence of a magnetic field.
The exoplanet host star’s high radiation field
will ionize a part of the upper atmosphere.
The interaction between the nonhydrosta-
tically outflowing atmospheric plasma and an
intrinsic planetary magnetic dipole field leads
to the formation of an equatorial current-
carrying magnetodisk. The presence of a
magnetodisk influences the topology of the
exoplanet’s magnetosphere and changes the
standoff distance of the magnetopause. The
basic features of the formation of an
exoplanet’s magnetodisk have been studied in
the laboratory (Fig. 34). A localized central
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source produces plasma that expands out-
ward from the surface of the dipole and in-
flates the magnetic field. The observed struc-
ture of magnetic fields, electric currents, and
plasma density indicates the formation of a
relatively thin current disk extending beyond
the Alfvénic point. At the edge of the current
disk, the induced magnetic field is several
times larger than the field of the initial dipole.
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Fig. 34. Experimental setup (upper panel) and profiles of
the radial component 6Bx (full circles, left axis) and cur-
rent in plasma (open circles, right axis) across the equa-
torial plane at a distance of R~20 cm (lower panel).



Testing & Manufacturing

Instruments onboard spacecraft are exposed
to harsh environments, e.g., vacuum, large
temperature ranges, radiation and high me-
chanical loads during launch. Furthermore,
these instruments are expected to be highly
reliable, providing full functionality over the
entire mission time, which could last for even
more than ten years.

Vacuum Chambers

The Small Vacuum Chamber is a manually
controlled, cylindrical vacuum chamber
(160 mm diameter, 300 mm length) for small
electronic components or printed circuit
boards. It features a turbo molecular pump
and a rotary dry scroll forepump. A pressure
level of 10-19 mbar can be achieved.

The Medium Vacuum Chamber has a cylindri-
cal stainless steel body with the overall length
of 850 mm and a diameter of 700 mm. A dry
scroll forepump and a turbo molecular pump
provide a pressure level of about 10-7 mbar. A
target manipulator with two axes and an ion
beam source are installed. This chamber
mainly serves for functional tests of the ion
mass spectrometer for BepiColombo.

The Large Vacuum Chamber (Fig. 35) has a
horizontal cylindrical stainless steel body and
door, a vision panel, two turbo molecular
pumps and a dry scroll forepump. A pressure
of 10-”mbar can be achieved. The cylinder
has a diameter of 650 mm and a length of
1650 mm. During shutdown the chamber is
vented with nitrogen. A target manipulator
inside the chamber allows for computer-
controlled rotation of the target around three
mutually independent perpendicular axes. The

vacuum chamber is enclosed by a permalloy
layer for magnetic shielding. To enable the
baking of structures and components (to out-
gas volatile products and unwanted contami-
hations), the chamber is equipped with a
heater around the circumference.

Fig. 35: The electron gun of the MMS Electron Drift In-
strument (mounted onto the three axes movable platform
inside the vacuum chamber to perform the calibration.

The Thermal Vacuum Chamber is fitted with a
turbo molecular pump, a dry scroll forepump,
and an ion getter pump, which together
achieve a pressure level of 10-6 mbar and al-
low quick change of components or devices to
be tested. A thermal plate installed in the
chamber and liquid nitrogen are used for
thermal cycling in a temperature range be-
tween -90 °C and +140 °C. The vertically ori-
ented cylindrical chamber allows a maximum
experiment diameter of 410 mm and a maxi-
mum height of 320 mm.

The Surface Laboratory Chamber is dedicated
to surface science research. It has a diameter
of 400 mm and a height of 400 mm, extenda-
ble up to 1200 mm. One rotary vane pump
and one turbo-molecular pump achieve a

minimum pressure of 10-> mbar. With an ex-
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ternal thermostat the chamber temperature
can be optionally controlled between -90°C
and +50°C.

The Sample Chamber contains an 8pu particle
filter and allows measurements of grain sam-
ple electrical permittivity. One rotary vane
pump achieves a minimum pressure of
10-3 mbar.

Other Test Facilities

The Temperature Test Chamber allows verify-
ing the resistance of electronic components
and circuits to most temperature conditions
that occur under natural conditions, i.e.,
-40°C to +180°C. The chamber has a test
space of 190 liters and is equipped with a 32-
bit control and communication system.

The Penetrometry Test Stand is designed to
measure mechanical soil properties, like bear-
ing strength.

The UV Exposure Facility is capable to pro-
duce radiation between 200-400 nm (UV-A,
UVv-B, UV-0).

Magnetometer calibration: A three-layer mag-
netic shielding made from mu-metal is used
for all basic magnetometer performance and
calibration tests. The remaining DC field in
the shielded volume is <10 nT and the re-
maining field noise is <2 pT/VHz at 1 Hz. A
special Helmholtz coil system allows generat-
ing field vectors of up to +/-30000 nT around
the sensor under test.

The Magnetometer Temperature Test Facility
is used to test magnetic field sensors between
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-170°C and +220°C in a low field and low
noise environment. Liquid nitrogen is the base
substance for the regulation which is accurate
to +/-0.1°C. A magnetic field of up to
+/-100000 nT can be applied to the sensor
during the test cycles.

Flight Hardware Production

Clean room: Class 10000 (according to U.S.
Federal Standard 209e) certified laboratory
with a total area of 30 m2. The laboratory is
used for flight hardware assembling and test-
ing and accommodates up to six engineers.

Clean bench: The laminar flow clean bench
has its own filtered air supply. It provides
product protection by ensuring that the work
piece in the bench is exposed only to HEPA-
filtered air (HEPA = High Efficiency Particulate
Air). The internal dimensions are 118 x 60 x
56 cms.

Vapor phase and IR soldering machine: The
vapor phase soldering machine is suitable for
mid size volume production. The maximum
board size is 340x300x80 mm3. Vapor phase
soldering is currently the most flexible, sim-
plest and most reliable method of soldering. It
is ideally suited for all types of surface
mounted device (SMD) components and base
materials. It allows processing of all compo-
nents without the need of any complicated
calculations or having to maintain tempera-
ture profiles. For placing of fine pitch parts
and rework of electronic boards an infrared
soldering and precision placing system s
used.



Outreach

Public Outreach

IWF is actively engaged in science education
and public outreach. Throughout the vyear,
many different groups and school classes
(from WIKU Graz, VS BIPS Krones, NMS 1
Deutschlandsberg, Akademisches Gymnasi-
um, NMS Krottendorf) visited the institute.

In January, ARGE KIWI (working group “Chil-
dren and Science”) invited more than 100
children from VS Berlinerring, VS Gosting, VS
Viktor Kaplan, NMS Andritz, and NMS St. Jo-
hann to visit both IWF and the laser station at
Lustbiihel Observatory in the frame of the
project “Wissen schaf[f]t Durchblick”.

Fig. 36.: LR Kristina Edlinger-Ploder, initiator Christoph
Kiirbisch, and IWF Director Wolfgang Baumjohann (from
right to left) had the honorable task to cut the ribbon
between Mercury, Venus, Earth, and Mars.

On 24 May, an “Einstein-Junior” families’ day
was organized at IWF. About 100 people,
among them 30 children, learned about our
solar system in different talks, guided tours
through the labs, and an extraordinary rap
performed by Petra Huber from the Kinder-
biiro of the City of Graz and her team of five
very enthusiastic young ladies and gentlemen.
As celebratory end of this day, the Planetary

Garden, initiated by IWF employee Christoph
Kirbisch, was opened (Fig. 36).

In June, the OAW Work Council organized an
excursion for all employees to Graz, which
included a visit to IWF.

In September IWF hosted the UN/Austria Sym-
posium on “Space Weather Data, Instruments
and Models: Looking Beyond the International
Space Weather Initiative (ISWI)”".

From 15-24 November the ScienceCenter
Netzwerk organized the Austrian “Themen-
woche Weltraum”, in which IWF also participa-
ted. Again approximately 100 space enthusi-
asts were guided through the institute and the
SLR station.

From 9-13 December, “Post Alpach” was held
at Schloss St. Martin. Glinter Kargl and Martin
Volwerk served as tutors and organized a visit
to the institute for the 16 students.

Fig. 37: Wolfgang Baumjohann surrounded by students
from HLFS Urspung (Photo: HLFS Ursprung).

On 16 December, Bernhard Stehrer from HLFS
Urspung, Salzburg, travelled to Graz together
with a small group of committed young peo-
ple who wanted to learn more about the insti-
tute and space research in general. They were
guided through the labs and interviewed the
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IWF Director about intelligent life in the uni-
verse (Fig. 37).

In the framework of the “FEMtech” program of
FFG, four young ladies from KFU and TU Graz
worked at IWF for two and four months, re-
spectively. During summer time, five high-
school students from BG/BRG Weiz (verifica-
tion and evaluation of the accuracy and func-
tionality of miniaturized magnetic field and
acceleration sensors), HTL Weiz (data analysis
of the El Nifio phenomenon in the 19t centu-
ry), HTL-BULME Graz-Godsting (reference box
for personnel ground tester and break-out
box for a dedicated interface standard),
Akademisches Gymnasium (low frequency
wave propagation problems), and BORG
Deutschlandsberg (simulation of the influence
of sensor materials on the magnetic field
measurements of CDSM) performed an intern-
ship at IWF under the “Talente-Praktika“ pro-
gram of FFG. Additionally, a 16 year old girl
from the European School of Brussels spent
two weeks at IWF to get some work experi-
ence.

Throughout the year, several URANIA series of
lectures on the topics “From the outer solar
system to exoplanets” and “The world of as-
tronomy - The history of matter” were held by
members of the institute.

Last but not least, in June the “Topic of the
Month” of the Austrian Academy of Sciences
was “Aurora, Solar Wind, and Magnetic Field
Turbulences”, with contributions by Bruno
Besser, Rumi Nakamura, and Evgeny Panov.

Awards and Recognition

On 13 November, the Institute of Radio Astro-
nomy of the National Academy of Sciences of
Ukraine awarded an Honorary Doctorate to
Helmut O. Rucker for his “outstanding scien-
tific merits and long-term fruitful collabora-
tion with Ukrainian radio astronomers”.

On 18 November, Mayor Siegfried Nagl awar-
ded the F. Schmiedl Forschungspreis to An-
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dreas Pollinger for his TU Graz doctoral thesis
"Development and Evaluation of a Control Unit
for the Coupled Dark State-Magnetometer"
(Fig. 38).

Fig. 38: On 18 November Andreas Pollinger was awarded
the F. Schmied! Forschungspreis by Mayor Siegfried Nag/
(Photo: Stadt Graz / Thomas Fischer).

Meetings

Wolfgang Baumjohann served as Vice Director
and Rumi Nakamura on the Program Commit-
tee of the Summer School Alpbach, which took
place from 16 to 25 July and was dedicated to
,Space Weather: Science, Missions and Sys-
tems”. Every year, 60 students and about 25
lecturers and tutors from among ESA’s mem-
ber states are invited to this meeting.

Additionally, W. Baumjohann, M.L. Khoda-
chenko, G. Kirchner, H. Lammer, R. Nakamura,
Y. Narita, and H.O. Rucker were members of
program and/or scientific organizing commit-
tees for 11 international conferences/work-

shops. 0. Baur, M.Y. Boudjada, G. Fischer,
G. Kargl, G. Kirchner, H.Lammer, R. Naka-
mura, Y. Narita, M. Scherf, G. Stangl, and

Z.Voros organized 20 sessions at interna-
tional meetings.

Lecturing

IWF members are actively engaged in teaching
at three universities and two universities of
applied sciences. In summer 2013 and in the
current winter term 2013/2014 the following
lectures are given:



KFU Graz

AK Weltraumphysik und Aeronomie (Komle)

Data processing in solar and space physics
(Nakamura et al.)

Introduction to Geophysics and Planetary
Physics (Kargl et al.)

Introduction to Plasma Physics (Rucker)

Messmethoden der Weltraumphysik und
Aeronomie (Kargl, Rucker)

Planetenmagnetospharen (Rucker)

Schwerkraft, Figur, Seismik und Aufbau der
Erde (Komle)

Spezialvorlesung zur Theoretischen Physik:
Plasmatheorie (Wellen) (Biernat)

TU Graz
Advanced Satellite Geodesy (Baur et al.)

Antennen und Wellenausbreitung (Riedler et
al.)

Design and Development of Space Qualified
Hardware (Magnes)

Digitale Audiotechnik, Labor (D. Fischer,
Magnes)

Fortgeschrittene Weltraumplasmaphysik
(Baumjohann)

GGOS and Reference Systems (Baur et al.)
Hochfrequenztechnik (Riedler et al.)
Introduction to Satellite Geodesy (Stinkel)

Measurement of Planetary and Interplanetary
Magnetic Fields (Schwingenschuh)

Signalprozessortechnik (Magnes)

TU Braunschweig
Einfihrung in die Astroteilchenphysik (Narita)

Teilchenphysikalische Kosmologie (Narita)

FH Joanneum

Mathematik 1 fur Informatik (Lichtenegger)

FH Wiener Neustadt

Space Environment and Interactions (D. Fisch-
er, Plaschke)

Advanced Course

The four semesters Master Studies curriculum
,Space Sciences and Earth from Space“ as a
cooperative curriculum within the frame of
NAWI (KFU and TU) Graz was established in
2011 and continues with starts each winter
term. At present 24 students have enrolled.

Theses
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