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Comet 67P/Churyumov-Gerasimenko taken by Rosetta/NavCam on 9 December 2014 (Copyright:
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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 whole chain of research needed in
its fields: from developing and building space-
qualified instruments to analyzing and inter-
preting the data returned by these instruments.
With over 80 staff members of more than a
dozen different nationalities it is the Austrian
space research institute par excellence. It co-
operates closely with space agencies all over
the world and with numerous other national
and international research institutions. A par-
ticularly 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 and
the Moon’s gravity field. In the area of instru-
ment 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:

» BepiColombowill be launched in 2017 to in-
vestigate planet Mercury, using two orbit-
ers, 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 S-class mission CHEOPS (CHarac-
terizing ExOPlanets Satellite) will character-
ize exoplanets in detail. Its launch is ex-
pected in 2017.

The China Seismo-Electromagnetic Satellite
(CSES) will be launched in 2016 to study the
Earth’s ionosphere.

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

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

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

Junois a NASA mission dedicated to under-
stand 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 (launch in March
2015).

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

Rosetta arrived at comet 67P/Churyumov-
Gerasimenko in August and deposited its
lander Philae in November 2014.

Solar Orbiteris to study along an innovative
trajectory solar and heliospheric phenom-
ena, planned for launch in 2018.

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 will quantify processes in the
Earth’s radiation belts.

» Venus Express explored the space plasma
environment around Venus and ended its
mission in December 2014.

IWF is naturally engaged in analyzing data from
these and other space missions. This analysis
is supported by theory, simulation, and labor-
atory experiments. Furthermore, at Lustbiihel
Observatory, one of the world’s most accurate
laser ranging stations is operated.

Highlights in 2014

» Using Lyman-& observations of HD209458b
and modeling the absorption features it was
found that this exoplanet has a magnetic
moment a thousand times stronger than the
Earth.

» The validity of using solar pseudo indices
for reproducing the influence of extreme
solar flares on the Earth’s thermosphere has
been shown.

» The core field direction for magnetic flux
ropes created in the Earth’s magnetotail was
shown to correlate only with the solar wind
magnetic field for strong reconnection
guide fields.

The year 2014 in numbers

Members of the institute published 113 papers
in refereed international journals, of which 38
were first author publications. During the same
period, articles with authors from the institute
were cited more than 3100 times in the inter-
national literature. In addition, 129 talks and

50 posters have been presented at interna-
tional conferences by members of the IWF, in-
cluding 22 by special invitation from the con-
veners. Last but not least, institute members
organized and chaired 21 sessions at 10 inter-
national meetings.

IWF structure and funding

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

» Experimental Space Research

» Extraterrestrial Physics

» Satellite Geodesy

Wolfgang Baumjohann serves as Director. Sci-
entifically, there are no walls between the three
departments. Staff members from different de-
partments work successfully together in five
research fields (Fig. 1).

Planetary Physics

Kémle, Lammer

Planetary Geodesy

Baur, Kirchner

Physics of Exoplanets

Atmospheres & Magnetospheres

Space Plasma Physicstight Instruments

Nakamura, Narita

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 Forschungsférder-
ungsgesellschaft, FFG) and the Austrian Sci-
ence Fund (Fonds zur Férderung der wissen-
schaftlichen Forschung, FWF). Furthermore,
European institutions like ESA and the Euro-
pean Union contribute substantially.



Earth & Moon

Gravimetric and geometric space geodesy
techniques constitute an integral part in Earth
and planetary sciences. In order to improve our
knowledge about the environment, state and
evolution of the Earth and the Earth’s only nat-
ural satellite, the Moon, IWF is engaged in ter-
restrial and lunar gravity field research, se-
lected studies of the Earth’s atmosphere and
crustal dynamics, and Satellite Laser Ranging
(SLR) to Earth-orbiting spacecraft and debris
objects.

Gravity Field

Gravity field research includes the analysis of
data collected by Earth- and Moon-orbiting
spacecraft and SLR to passive satellites.

GOCE

IWF together with the Institute of Theoretical
Geodesy and Satellite Geodesy of the Graz Uni-
versity of Technology form the Gravity field and
steady-state Ocean Circulation Explorer
(GOCE) team Graz, which processes the official
GOCEtime-wise (GOCE-TIM) gravity field solu-
tions. This unit is part of the European GOCE
Gravity Consortium, which consists of ten Eu-
ropean institutions working under ESA con-
tract. In 2014, the fifth generation GOCE-TIM
gravity field solution has been released to the
public by ESA. This model contains data from
Nov 2009 to Oct 2013 (and hence covers al-
most the entire GOCF operational lifetime). At
100 km spatial resolution (spherical harmonic
degree and order 200), the accuracy is 2.3 cm
and 0.7 mGal in terms of geoid height and
gravity anomaly, respectively. This is an im-
provement of about 30% compared to the pre-
decessor model.

GRACE

In the last decade, global time-variable gravity
field observations collected by the Gravity Re-
covery And Climate Experiment (GRACE) mis-
sion have become an indispensable source of
information for understanding the global re-
distribution of ice, ocean, and continental wa-
ter mass (cf. latest Assessment Report of the
Intergovernmental Panel on Climate Change,
IPCC-AR5). However, the GRACE satellites have
already outlived their predicted lifetime and
may fail at any time (successor is supposed to
be launched in 2017).

Hence, time-variable gravity field information
derived solely from the GPS-based kinematic
orbits of low Earth-orbiting satellites, known
as high-low Satellite-to-Satellite Tracking
(hISST), has recently received renewed atten-
tion. Owing to striking developments to im-
prove the underlying processing chain, it is
now possible to detect and quantify large-scale
changes in surface mass from hISST (Fig. 2).
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Fig. 2. Secular mass change in terms of equivalent water
height over the period 2003-2013, derived from hISST.
Red delineations highlight areas with dominating signals.

The results shown in Fig. 2 are in very good
agreement with the findings from the GRACE
project. In terms of numbers, trends agree with
85-100% (red-delineated areas).For the annual
amplitudes, the level of agreement is 85-95%.



GOCO

The main objective of the Gravity Observations
COmbination (GOCO) initiative is to compute
global
gravity field models from complementary grav-
ity data sources. Within this initiative, IWF is re-
sponsible for the Satellite Laser Ranging (SLR)
component. SLR is a powerful technique for the

high-accuracy and high-resolution

estimation of the very long wavelengths of the
Earth’s gravity field. The most important pa-
rameter in this context is Czo. It represents the
Earth’s dynamic flattening, which is responsi-
ble for the largest deviation of the real figure
of the Earth from its spherical approximation.
Despite of having available data from a number
of dedicated gravity field missions, SLR is still
superior for the determination of Czo (Fig. 3).
However, the technique also significantly con-
tributes to the recovery of further low-degree
gravity field parameters. At IWF, ranging meas-
urements to six geodetic satellites (LAGEOS-
1/2, Stella, Starlette, Afisal, Larets) over a pe-
riod of nearly 15 years were analyzed.
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Fig. 3: Monthly Czo gravity field coefficients (reduced by
mean values) derived from SLR (red. IWF,; blue: Center for
Space Research, CSR) and the GRACE mission (gray).

According to Fig. 3, the SLR-based solutions
show very good agreement, whereas the
GRACE Czo time series reveals unrealistically
large amplitudes. This result demonstrates the
superiority of SLR when it comes to the deter-
mination of the Earth’s dynamical flattening.
The next combined gravity field model within
the GOCO series (GOCOO05s) will contain SLR
information up to spherical harmonic degree
and order 10. The model is expected to get
published in early 2015.

LRO

Tracking data to NASA’s Lunar Reconnaissance
Orbiter (LRO) spacecraft - launched in 2009 -
is well suited to determine the long-wave-
length part of the lunar gravity field. This holds
especially true for a time span of two years,
when the orbit of LRO was polar (global cover-
age) with an altitude of about 50 km above the
lunar surface. Gravity field recovery from orbit
perturbations is intrinsically related to precise
orbit determination. In case of LRO, two types
of tracking data are available: radiometric ob-
servations (mainly two-way Doppler range-
rates and radiometric ranges) and one-way op-
tical laser ranges. The optimum set of orbit
modeling parameters was found by a series of
orbit overlapping tests based on 100 days of
Doppler data. The most precise orbits were
achieved using an arc length of 2.5 days and
estimating a constant empirical acceleration in
along-track direction. Altogether, 13 months
of Doppler data to LRO were analyzed. Orbit
overlap differences over this time span indicate
an orbital precision of about 20 m in total po-
sition. Orbit determination from laser ranges
yielded considerably less precise results, which
can be attributed to the involvement of two
non-synchronous clocks (one at the station
and one aboard the satellite). Hence, the LRO
gravity field solution (up to spherical harmonic
degree and order 60) computed at the IWF is
based solely on Doppler range-rates. Starting
at degree six, regularization was applied due
to the lunar farside data gap (see Fig. 4).
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Fig. 4: Total number of Doppler range-rates to LRO within
one year, averaged over a 1°x1° grid. The western limb of
the Moon as seen from the Earth is located at 270°. The
asymmetric data availability is due to Moon'’s tidal lock.



GRAIL

The NASA lunar science mission Gravity Recov-
ery And Interior Laboratory (GRAIL) uses Ka-
Band Range-Rate measurements (KBRR) be-
tween two satellites in order to resolve the lu-
nar gravity field with unprecedented resolution
and accuracy. This satellite-to-satellite track-
ing technique is independent of the tracking
capability from Earth, thus allowing data acqui-
sition on the nearside and the farside of the
Moon.

To determine the lunar gravity field, KBRR ob-
servations (together with orbit information)
were analyzed within an integral equation ap-
proach using short orbital arcs. For the latest
release (denoted as Graz Lunar Gravity Model
300a, or GrazLGM300a) particular attention
was paid to processing details associated with
time bias estimation, the modelling of non-
gravitational forces, and the co-estimation of
empirical accelerations (aka nuisance parame-
ters). GrazLGM300a considers non-gravita-
tional accelerations due to solar radiation
pressure and general relativity (Schwarzschild);
a comparison between this latest release with
some other lunar gravity field models is shown
in Fig. 5.

(ot

GrazL.GM200a errors ||
— GrazL.GM200b errors |

| = GrazLGM300a errors |4

(=)

RMS per degree [-]
)

0 50 100 150 200 250 300
Dearee

Fig. 5. Root mean square (RMS) values per spherical har-

monic degree. Black graph. GLO660 signal; color graphs:

differences to GL0660.

The black graph indicates the signal of the
GLO660 model computed at NASA-JPL; the red
graph represents deviations from the
GRGM660 model computed at NASA-GSFC.
The latter graph can be considered as the
“baseline errors”. The GrazLGM300a model

shows clearly a significant improvement com-
pared to the previous releases (GrazLGM
200a,b).

Geodynamics

At the Earth’s surface minor and major plates
are moving against each other. At their bound-
aries stress is frequently released into earth-
quakes. The energy potential to be released
can be estimated by the stress accumulated
and the mass of the part of the Earth’s crust
under stress. Therefore a velocity field is nec-
essary for a permanent control of the potential
stress accumulations. An example of the zone
with the strongest earthquakes in Europe is
shown in Fig. 6. The earthquake with its epi-
center in the Aegean Sea between Samothraki
and Lemnos (magnitude: 6.9, depth: 6.5 km),
recorded on 24 May 2014, caused damages
and injuries at distances of more than 100 km.

*

¥

Offset:
56mm

Earthquake

Fig. 6: Implications of the earthquake from 24 May 2014,
with epicenter in the Northern Aegean Sea. Yellow: rema-
nent offsets, black: station velocities.

As illustrated in Fig. 6, the earthquake impli-
cated a permanent jump of 56 mm near the
epicenter, decreasing to a few mm at distances
of 100 km. This means that the stress release
was only a local one, but the underlying plate
(probably the compact Anatolian one) accumu-
lates the stress in the neighborhood. Especially
in the area of Greece the fragmentation of the
diverse plates and microplates requires a



dense GNSS-derived velocity field in order to
improve local and regional tectonic models.
This will help to learn more about the nature
and occurrence of earthquakes.

Atmosphere

Part of the solar wind energy supplied to the
Earth's magnetosphere is deposited into the
thermosphere via particle precipitation and
Joule heating. During periods of high Coronal
Mass Ejection (CME) activity, short-timescale
variations (1-2 days) in the thermosphere are
driven by magnetospheric energy input rather
than by variations in the solar EUV flux. To
quantify the large-scale response of the ther-
mospheric neutral density to the energy input
by interplanetary CMEs (ICMEs), a statistical
study based on accelerometer measurements
from the low-Earth orbiting GRACE satellites
during 2003-2010 was performed. In addition,
correlations with data from the ACE satellite lo-
cated at L1 upstream of the Earth and various
geomagnetic activity indices were calculated.
By analyzing the data, high correlations be-
tween the neutral density and various combi-
nations of ICME parameters could be found.
The highest correlation coefficient (cc) is be-
tween density and Disturbance storm time
(Dst) index (cc=-0.91), Fig. 7. Similarly, the
product Bz*vmax reveals a high correlation
with density (cc=-0.84).
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Fig. 7: Scatter plot of the peak thermospheric density
against the Dst index. Red.: regression line.

A substantial part of ICMEs arriving at the ACE
satellite cause an increase of the neutral den-

sity in the Earth thermosphere. Furthermore,
31 out of the 35 analyzed ICME events show

typical characteristics of magnetic clouds, in-
cluding a smooth rotation of the magnetic field
vector. Nearly all ICMEs causing a thermo-
spheric density enhancement have a strong
negative Bz component.

Satellite Laser Ranging

The continuing routine tracking of satellites
equipped with retro-reflectors (in coordination
with the International Laser Ranging Service,
ILRS) again has proven to be the basis for sev-
eral research activities. Most of the scientific
achievements and results take advantage of
the Graz kHz ranging system. Furthermore,
tracking of space debris objects was continued,
as well as further steps were undertaken to re-
alize multi-static SLR making use of receive-
only units.

Satellite spin detection: The 2 kHz SLR system
in Graz is an excellent tool to determine spin
parameters of retro-reflector equipped satel-
lites. In 2014 all available tracking data to the
satellites Larets and Stella were used to deter-
mine their spin parameters (Fig. 8). In addition,
the evolution of the spin axis orientation for
Larets and Stella could be successfully recov-
ered (Fig. 9).
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Fig. 8: Spin period evolution of the geodetic satellites Lar-
ets and Stella.

Single-photon DART for multi-static space de-
bris tracking: More participating passive (re-
ceive-only) units are needed for efficient
multi-static SLR. This can be achieved by using
available standard astronomy telescopes and
equipping them with proper single-photon de-



tection packages, electronics, additional hard-
ware, and remote control. To check proper
alignment of the detector and to verify single-
photon sensitivity, the development of a Sin-
gle-Photon Detection, Alignment and Refer-
ence Tool (SP-DART) was initiated. Effectively,
this is a miniature SLR-station, which consists
of a transmitter unit (few pJ laser, few ns pulse
duration, 1 kHz pulses), a detection unit, a
range gate generator (FPGA card), a set of me-
teorological instruments, a GPS clock and ref-
erence frequency receiver, software, and re-
mote control via Internet. Once the currently
ongoing developing phase is finished, the unit
is expected to be mounted on external astron-
omy telescopes and used to verify their single-
photon sensitivity. The SP-DART system will be
designed and built for two wavelengths -
532 nm and 1064 nm - in order to allow for
tests at both fundamental and second har-
monic wavelengths.
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Fig. 9. Larets (black) and Stella (gray) spin axis orientation.
evolution from launch until resonance condition (/2000.0
celestial reference frame). RA and Dec indicate the astro-
nomical coordinates right ascension and declination, re-
spectively.

Space debris attitude and spin determination.
IWF started to measure attitude and spin pa-
rameters of a large number of defunct satellites

and space debris objects (currently the number
of objects is 55, but being updated continu-

ously). This activity has increased the number
of targets tracked by the Graz SLR-station to
116, which is almost three times the number of
targets recommended by the ILRS to be
tracked. In order to be able to handle the re-
sulting large numbers of passes per day, ap-
propriate pass switching capabilities were fur-
ther improved (Fig. 10). As soon as at least
1000 echoes are detected (reaching our ulti-
mate 0.2 mm resolution of the system), the
next target is tracked; multiple entries into
each pass ensure to cover an as large section
of the pass as possible.

Graz Pass Switching: 51 LEO, 33 MEO: 84 passes in 24 hours
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Fig. 10: Extensive pass switching in Graz (day 266 in 2014).
Red: Medium-Earth Orbit, blue: Low-Earth Orbit; y-axis
displays orbit satellite altitude above surface.

The major part of these debris targets are old,
defunct GLONASS satellites. When uncon-
trolled, they usually start spinning. Because of
their retro-reflectors, which are only visible
during short intervals, SLR is the only practica-
ble method to reliably allow for spin and atti-
tude determination (Fig. 11).
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Fig. 11: Spin rates of defunct GLONASS satellites as ob-
served by SLR Graz.

Another example of a relatively fast spinning
defunct satellite is Topex/Poseidon. It is spin-
ning with 11.81 s/rev (value from end of 2014),



with its spin axis orientation fixed with respect
to Earth, showing its retro-reflectors through-
out the pass. This allows tracking of Topex/
Poseidon also during daylight, in spite of the
rather inaccurate two-line element predictions.

New Detection Package: Experiments planned
for the coming years require the addition of at
least six more detectors, for different wave-
lengths and with different specifications. To
accommodate the additional units - and their
remote controlled activating, switching of fil-
ters and mirrors, etc. - a new detection box was
designed and built, and finally mounted on the
Graz receive telescope. This new detection
package is successfully operational since au-
tumn 2014.

Quantum cryptography: The Institute for
Quantum Optics and Quantum Information
(1QO0QI) has designed and built a 4-channel
package to detect entangled photons transmit-
ted from a Chinese Quantum Cryptography
satellite to be launched in 2016. During several
visits of the IQOQI group in Graz this package
has been installed and tested with the Graz SLR
telescope. After several iterations and im-
provements to come, the package is expected
to be ready for operation towards the end of
2015.

Orbit prediction of space debris objects: Large
and massive space debris objects in the low-
Earth orbit segment pose an increasing threat
to all space faring nations. For collision avoid-
ance measures or the removal of these objects,
orbit predictions are of crucial relevance. It has
recently been demonstrated that laser ranging
has the potential to significantly contribute to
the reliability and accuracy of orbit predictions.
However, a severe limitation of the technique

is the scant network of SLR stations that are
able to track uncooperative targets, and hence
the sparseness of tracking data. In order to
mitigate this limitation, the concept of multi-
static SLR has been established. Multi-static
observations refer to the tracking of objects
from one active SLR-station and the detection
of diffusely reflected photons at several pas-
sive stations. If only one passive station is in-
volved, the concept is referred to as bi-static.

In order to demonstrate the benefit of bi-static
SLR for orbit determination and prediction of
the defunct ENVISAT satellite, observations
collected during a measurement campaign with
involved stations Graz (active) and Wettzell
(passive) were analyzed. It could be demon-
strated that the incorporation of bi-static laser
observations improves the prediction accuracy
by more than one order of magnitude com-
pared to the results based on “conventional”
two-way laser ranges collected by only one
station (Fig. 12).
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Fig. 12. Orbit prediction errors for the defunct ENVISAT
satellite. Top. results based on Graz-only “conventional”
two-way laser ranges, bottom: results after inclusion of bi-
static laser observations between Graz and Wettzell.



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 labor-
atory and analyzes the data obtained by them,
and participates in future planning.

Cluster

The four Cluster spacecraft have been provid-
ing data since 2001 for studying small-scale
structures of the magnetosphere and its envi-
ronment in three dimensions. The spacecraft
separation distance has been varied between
200 km and 10 000 km according to the key
scientific regions. The mission is planned to be
extended to December 2018. IWF is PIl/
Co-I on five instruments.

THEMIS/ARTEMIS

NASA’s THEMIS mission, launched in 2007,
consisted of five identical satellites flying
through different regions of the magneto-
sphere. In autumn 2010 the two outer space-
craft became ARTEMIS, while the other three
THEMIS spacecraft remained in their orbit. As
Co-I of the magnetometer, IWF is participating
in processing and analyzing data.

Van Allen Probes

The Van Allen Probes launched in 2012, are
studying the dynamics of the radiation belts.
As one of the science Co-l institutes, IWF par-
ticipates in data analysis combined with other
magnetospheric missions.

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 plas-
ma processes, which transport, accelerate and
energize plasmas in thin boundary and current
layers. IWF is the biggest non-US participant
and has the lead for the spacecraft potential
control (ASPOC) and participates in the electron
beam instrument (ED/) and the digital fluxgate
magnetometer (DFG). MMS is scheduled for
launch in March 2015. In April 2014, all four of
the MMS observatories were stacked for the
first time for vibration testing. The test helped
to ensure the spacecraft can withstand the ex-
treme vibration and dynamic loads they will
experience inside the fairing during launch
(Fig. 13).

Active Spacecraft Potential Control (ASPOC) in-
strument: In January 2014, the FM1 unit faced
a hardware failure in the hot cycle of the ther-
mal vacuum test. The cause was a DPU board
problem and it was decided to replace the in-
strument by the FM9 spare unit. After the re-
furbishment and partial re-qualification of FM9
in March, four additional thermal cycles have
been performed in order to compensate for
operating hours that were missed from the
test. Before delivery of the FM9 unit to the US
in June, the data package was compiled and re-
viewed. All models passed the complete se-
quence of comprehensive performance testing,



stack vibration, thermal vacuum, EMC, and
magnetic tests on observatory level. The flight
version of the on-board S/W was loaded into
all units and the command and telemetry data-
base was updated.

A further focal point in 2014 was the planning
and implementation of the nine ASPOC com-
missioning activities, which include low/high
voltage and cross-instrument checkouts. Each
activity comprises several command se-
quences, which have been tested on instru-
ment and observatory level. In order to support
the commissioning phase, the ground system
equipment has been installed in Boulder. Fi-
nally, the science data processing software,
used for the automatic generation of the
ASPOC level 1/2 science data products, has
been implemented, tested and delivered to the

Science Operations Center.

Electron Drift Instrument (ED/): IWF contributes
to £D/ with the Gun Detector Electronics (GDE)
and the electron gun. The GDE'is developed by
Austrian industry in close cooperation with the
institute, while the electron gun is entirely de-
veloped by IWF. MMS’ £D/is based on the Clus-
ter development with several improvements. In
2014 the last four flight models were delivered
and one model has been refurbished with a
new type of optocouplers. The generation and
the control of the electron beam require twenty
controllable high-voltage sources, which de-
liver relatively low power, but need high preci-
sion, controlled by in-house developed high-
voltage optocouplers. A few couplers devel-
oped a negative drift in efficiency. US team-
built replacements, based on the same princi-
ple, but slightly changed design, showed the
same behaviour after intensive testing. Four
gun models have been equipped with the new,
less—efficient, type; the gradient of the drift
seems to be smaller.Analysis showed both
types will be able to cover the nominal opera-
tion time. Finally, all eight instruments have
been tested successfully and integrated onto
the four spacecraft.

Fig. 13: All four stacked Magnetospheric Multiscale space-
craft ready to move to the vibration chamber at NASA's
Goddard Space Flight Center. (Credits: NASA/Chris Gunn).

Digital FluxGate magnetometer (DFG): DFG is
based on a triaxial fluxgate magnetometer
(FGM) developed by the University of California,
Los Angeles, and a front-end Application Spe-
cific Integrated Circuit (ASIC) for magnetic field
sensors. The ASIC has been developed by IWF
in cooperation with the Fraunhofer Institute for
Integrated Circuits in order to reduce size,
mass and power consumption of the near sen-
sor electronics. In 2014, the DFG spare model
was delivered to University of New Hampshire.
Parallel to the final hardware assembly activi-
ties, IWF supported the spacecraft integration
of the flight models with all related functional
tests.

Cross Calibration: Methods for determining
spin axis offset of the FGM using absolute
magnetic field values deduced from ED/ are
further improved by using both data of the
time-of-flight (TOF) measurements and the



electron beam direction (BD) with a
comprehensive error analysis. Both methods
are successfully applied to Cluster data (Fig.
14), vyielding similar, accurate results,
comparable to, yet more stable than those
from a commonly used solar wind (SW)-based
method.
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Fig. 14. (a). Spin axis offsets Oxr obtained by the TOF (red
dots), the BD (green dots), and the SW method (black
crosses). (b) Corresponding average errors, <Ox>. The
blue lines mark <Oxe> = 0.1 nT and 0.2 nT levels.

CSES

The China Seismo-Electromagnetic Satellite
(CSES) 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 earth-
quake monitoring from a Sun synchronous,
polar, Low Earth Orbit (LEO).

Fig. 15 Engineering Model of the Coupled Dark State Mag-
netometer.

The CSES 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 in-
strument processor and the power supply unit,
while IWF and TUG participate with the newly
developed absolute scalar magnetometer
called CDSM. In 2014, the Engineering Model
(Fig. 15) was delivered to China and the assem-
bly of the Qualification Model was started.

Space Weather Magnetometer

A prototype of a Service Oriented Spacecraft
Magnetometer (SOSMAG) is being developed
for ESA's Space Situational Awareness program,
which shall serve as a ready-to-use space
weather monitoring system to be mounted on
a variety of different spacecraft built without a
magnetic cleanliness program (Fig. 16).

Fig. 16: Engineering and Qualification Model of SOSMAG.

Up to two high resolution boom-mounted
FGMs, the central electronics and the boom are
provided by Magson GmbH and the Technical
University of Braunschweig. For detection and
characterization of magnetic disturbers on the
spacecraft, two magnetometers based on the
anisotropic magnetoresistive (AMR) effect were
developed in a joint effort by Imperial College
London and IWF.

Physics

Various data from ongoing missions are ana-
lyzed and theoretical models are developed to
describe the physical processes in near-Earth
space. 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.

Multi-spacecraft observations of magneto-
sheath high speed jets: The Earth’s magnetic
field acts as an obstacle to the solar wind. As a
result, the solar wind is decelerated at the bow
shock and flows in the magnetosheath around
the magnetosphere. The dynamic pressure in
the dayside magnetosheath is typically an or-
der of magnitude lower than in the solar wind.
Under radial interplanetary magnetic field con-
ditions, however, this region of space is per-
meated by localized (high-speed) jets, within
which the dynamic pressure is substantially
higher. These jets are able to cause large in-
dentations of the magnetopause - the outer
boundary of the Earth’s magnetic field - result-
ing in boundary surface waves and/or inner-
magnetospheric compressional waves.
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Fig. 17: Left: Top/bottom panels show jet-parallel/per-
pendicular plasma flows, observed by reference (inside)
and second spacecraft (outside of jets). Right: illustration
of the average flow pattern.

A key ingredient of the jet’s geoeffectiveness is
its size (relative to the magnetosphere). For the
first time, multi-spacecraft observations by the
THEMIS spacecraft allow for a determination of
jet scale sizes and plasma flow patterns within
and around jets. Scales are well-modeled by
exponential probability distribution functions
(Fig. 17). Characteristic flow-perpendicular
scales are, interestingly, almost twice as large
as the corresponding flow-parallel scales. Fur-
thermore, the observed flow-parallel scale
sizes become larger with distance from the
bow shock, possibly due to early dissipation of

small scale jets, closer to the bow shock. The
plasma flow pattern (in- and outside of jets)
exhibits additional/less
of/after jet passage, corresponding to vortical
plasma motion.

divergence ahead

Core field polarity of flux ropes in magnetotail
reconnection region.: Magnetic flux ropes have
a helical magnetic field structure, which typi-
cally has a significant core field (i.e., the com-
ponent of the magnetic field along the axis of
the flux rope). They are considered to be the
by-products of reconnection.
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Fig. 18: Core field versus IMF By+ for the 13 flux ropes. The
circles (pluses) denote the flux ropes with weak (large)
guide fields. The core field of the 13 flux ropes showed
dependence on IMF By+ (regression line shown in ma-
genda). Yet, strong correlation is seen only for the flux
ropes with large guide fields (regression line in red), while
there is no correlation between the core field and IMFBy+
for flux ropes with weak guide field (blue line).

Flux ropes in Cluster observations are exam-
ined to show, for the first time, that the corre-
lation between the core field Bcore and the IMF
By depends on the guide field Bg. For large
guide fields, the Bcore is found to correlate
with the IMF By. However, for weak guide fields
it is shown that the core fields have either a
positive or negative polarity, irrespective of the
IMF By. Here it is shown that spacecraft located
at different hemispheres observed different
polarity of the core field. This result indicates
that for weak guide field reconnection the core



field generation of the magnetotail flux rope is
not governed by the external IMF By. For weak
guide field reconnection the flux ropes can
have a significant core field whose polarity
agrees with the ambient quadrupole Hall field
(Fig. 18).

Magnetotail Dipolarization Fronts: Magnetotail
dipolarization fronts (DF), which show a turn-
ing of the magnetic field from mainly horizon-
tal to more vertical, are a key ingredient of
magnetotail flux transport by newly recon-
nected closed fields. Generally DFs are accom-
panied with bursty bulk flows (BBFs) and are
thin boundaries, separating the energetic and
tenuous plasma of BBFs from that of the ambi-
ent plasma sheet.

A statistical study of the ion density and tem-
perature variations across DFs has been per-
formed, using nine years of Cl/uster data. Ear-
lier studies concluded that on average the tem-
perature increases while the density decreases
across the DF. The results of this study show
that ~54% of the DFs follow this pattern (type
A, see Fig. 19), whereas for ~28% the temper-
ature decreases while the density increases
(type B).
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Fig. 19: Superposed Epoch analysis of (a) the Bx (dashed
blue line) and B: (solid red line) variations, (b) the X-com-
ponent of the ion velocity, (c) the ion temperature, and (d)
the ion density.

The main results obtained from this study are:
(1) Types are independent from DF crossing lo-
cation and/or the observation position in the
tail; (2) Type A-flows are faster than B-flows;
(3) Type B-flows are directed perpendicular to

the cross-tail current in the near-Earth current
sheet while type A-flows are tilted slightly
duskward; (4) The background B: of type B is
higher than that of type A. These results sug-
gest that after reconnection takes place, a BBF
emerges with type A characteristics. Traveling
earthward, which is in a more dipolarized re-
gion with slower plasma flow (closer to the flow
braking region), it further evolves into type B.

Period and damping factor of Pi2 pulsations
during oscillatory flow braking in the magne-
totail: 25 observations of damped oscillatory
flows in the near-Earth plasma sheet by the
THEMIS probes during the 2008-2009 magne-
totail seasons were used to compare the oscil-
lation period and the damping factor of the
plasma sheet flows with those of the Pi2 mag-
netic pulsations on the ground at auroral and
midlatitudes near the local time of the conju-
gate ionospheric THEMIS footprints.

Whereas the dampings of the plasma sheet
flows and of the pulsations on the ground oc-
cur on the same time scales, the frequency of
the ground pulsations is on average twice the
frequency of the plasma sheet flows. The cor-
relation of periods (7) and damping factors (a,
Fig. 20) indicates that larger-amplitude ground
pulsations at auroral latitudes are caused by
the oscillatory flow braking in the plasma
sheet, presumably through alternating field-
aligned currents.
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Fig. 20: Scatterplot of zri2 against r and ariz against a with
confidence bounds. Linear best fit is shown in red, assum-
ing linear dependencies starting from (0,0).

Low-altitude observations of flow bursts: Cou-
pling processes between the magnetosphere
and the ionosphere are important to clarify the
dissipation of the plasma sheet fast flows.



At 1000 UT on 25 February 2008, Cluster 1
(C1) crossed the near-midnight auroral zone,
at about 2 Re altitude, while THEM/S THD and
THE observed multiple flow bursts on the near-
conjugate plasma sheet field lines. Coinciding
in time with the flow bursts, C1 observed
bursts of counter-streaming low-energy elec-
trons accompanied by short time scale mag-
netic field disturbances embedded in flow-as-
sociated field-aligned current systems as
shown in Fig. 21.
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Fig. 21: Near-conjugate observations by CI, THD, THE
during high-speed flow bursts as illustrated in the top.
Electron energy spectra from Cl; low-energy (44-441 eV)
electron energy flux from C1 and flow speeds observed by
THD and THE; dawn-to-dusk magnetic field disturbance
and upward field-aligned current (black line) and north-
ward flow component perpendicular to the magnetic field
(red) from C1; and magnetic field disturbance (0.2-10 Hz)
from top to bottom panels. Vertical lines show event start-
times.

This unique conjugate event not only confirms
the idea that the plasma sheet flows are the
driver of the kinetic Alfvén waves accelerating
the low-energy electrons but is a unique ob-
servation of disturbances in the high-altitude
auroral region relevant to the multiple plasma
sheet flows.

Windsock memory conditioned RAM pressure -
forced reconnection in the magnetotail: Recon-
nection is a key physical process explaining the
addition of magnetic flux to the magnetotail
and the back motion of the closed flux lines to
the dayside magnetosphere. This scenario or
its numerous modifications can explain many
aspects of solar wind—-magnetosphere interac-
tion processes, including substorms. An alter-
native model for the forced response was pro-
posed, in which tail reconnection is triggered
by combination of the large-scale windsock
motions exhibiting memory effects and solar
wind dynamic ram pressure actions on the
nightside magnetopause (see Fig. 22). The
windsock associated vertical ram pressure
asymmetry leads to oppositely oriented mo-
tions of different parts of the tail, which can
drive current sheet thinning and reconnection
even during northward oriented IMF.
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Solar System

IWF is engaged in many missions, experiments
and corresponding data analysis addressing
solar system phenomena. The physics of the
Sun and the solar wind, its interaction with so-
lar system bodies, and various kinds of plane-
tary atmosphere/surface interactions are un-
der 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 regions. IWF
builds the digital processing unit (DPU) for the
Radio and Plasma Waves (RPW) instrument
onboard So/ar Orbiter and has calibrated the
RPW antennas, using numerical analysis and
anechoic chamber measurements. Further-
more, the institute contributes to the magne-
tometer.

Radio and Plasma Waves (RPW): RPWwill meas-
ure the magnetic and electric fields at high
time resolution and will determine the charac-
teristics of the magnetic and electrostatic
waves in the solar wind from almost DC to
20 MHz. Besides the 5 m long antennas and the
AC magnetic field sensors, the instrument con-
sists of four analyzers: the thermal noise and
high frequency receiver; the time domain sam-

pler; the low frequency receiver; and the bias
unit for the antennas. The control of all ana-
lyzers and the communication will be per-
formed by the DPU. IWF is responsible for the
design of the DPU hardware and the boot soft-
ware. The DPU board has been redesigned. The
main task was the optimization of the printed
circuit board in terms of electro-magnetic
compatibility. A new model was built, tested
and delivered to the French partners. Tests at
CNES, performed end 2014, have confirmed
the compliance of the new design with the EMC
requirements. Because of technical problems
with the antenna system and other units, the
model philosophy has been changed to a
proto-flight approach.

Physics

Space-time structure of solar wind turbulence:
Random fluctuations in the plasma and the
magnetic field in the solar wind are considered
to be in a fully-developed turbulence state. The
qguestion if the fluctuation energy is anisotrop-
ically distributed remains one of the outstand-
ing, unsolved problems in plasma turbulence.
Various hypotheses exist to explain the possi-
ble turbulence anisotropy in the solar wind.

The magnetic energy spectra in the three-di-
mensional wave vector domain were deter-
mined observationally using the Cluster mag-
netometer data in the solar wind (Fig. 23). The
spectral study provides for the first time evi-
dence that the wave vector anisotropy is con-
trolled by the plasma beta, the ratio of thermal
to magnetic pressure. Wave vector anisotropy
is characterized by an extension of the energy
spectrum in the direction perpendicular to the
large-scale magnetic field. The spectrum is



found to be strongly anisotropic at lower val-
ues of beta (cold plasmas), and becomes more
isotropic at higher values of beta (hot plasmas).
With the discovery of wave vector anisotropy,
the long-standing filamentation hypothesis in
plasma turbulence has successfully been con-
firmed by in situ observations.

beta 0.58 beta 0.76
1077
2 2 1073
-4
< < o
2 2 10
= < 1078
1077
0 0 107
0 1 2 0 1 2
kl\/,./(');l k]_V,,/QP
beta 1.66 beta 2.53
\ 1072
- , \ 10—5
-4
%n- 10 .
2, 10
X 107¢
1077
0 0 107
0 1 2 0 1 2
kl\/,./('}FI k]_V,,/QP

Fig. 23 Energy spectra of magnetic field fluctuations in the
solar wind in a reduced two-dimensional wave vector do-
main. The spectrum is highly anisotropic for low-beta
plasmas, and only moderately anisotropic for high-beta
plasmas.

Structure and propagation of coronal mass
ejections: The evolution of coronal mass ejec-
tions (CMEs) in interplanetary space is still not
well understood. Interactions with solar wind
structures like high-speed solar wind streams,
co-rotating interaction regions or even other
CMEs may alter their overall structure and lead
to a deformation of their shape. This can make
accurate forecasting of arrival times at Earth
much more difficult. The evolution of a CME on
7 March 2012 was studied using a broad set of
observations from different locations in the in-
ner heliosphere. The CME was remotely ob-
served by STEREO, and in situ measured by
MESSENGER, Venus Express, Wind near Earth
and Mars Express. This outstanding number of
in situ detections and the stereoscopic view
provided by the two STEREO spacecraft showed
a strongly asymmetric evolution of the CME,

which is illustrated in Fig. 24. The observations
can be explained by a preconditioning of the
background solar wind due to other CMEs.

For forecasting the possibly detrimental effects
of CMEs at Earth, such as blackouts and satel-
lite failures, parameters such as speed, mag-
netic field and arrival time need to be derived
from remote images as accurately as possible.
A study was undertaken to test the prediction
of CMEs based on heliospheric images of the
solar wind, which was the first to do so with a
statistically significant dataset. The CME arrival
at Earth was predicted to occur within about
eight hours of the observed arrival, signifi-
cantly improving previous approaches.
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Fig. 24.: Evolution of the frontal shape of the CME during
propagation in the inner heliosphere. The orange curves
symbolize the reconstructed asymmetric overall shape of
the CME.

Flux tube instabilities and reconnection gener-
ated turbulence in the solar wind. Magnetic
flux tubes represent basic structures on the
Sun and in the solar wind. Flux tubes of solar
origin can be magnetically twisted at photo-
spheric, chromospheric or coronal levels and
transported into interplanetary space. Twisted
or untwisted flux tubes can also be generated
by impulsive magnetic reconnection in the so-
lar wind. Flux tube instabilities, such as the
Kelvin-Helmholtz and the kink instabilities,
may significantly contribute to the local gener-
ation of turbulence, reconnection and dissipa-
tion. The associated "fresh" turbulence may



change the field and plasma conditions sup-
porting different local dissipation mechanisms
at their characteristic wave numbers.

Recent analytical and numerical calculations
show that twisted tubes moving in twisted ex-
ternal magnetic fields are Kelvin-Helmholtz
unstable even for sub-Alfvénic motions (Fig.
25). Moving tubes with strong twists are more
unstable against the kink instability than un-
twisted tubes. Since twisted flux tubes are fre-
quently observed on the Sun and in the solar
wind their impact on reconnection, turbulent
heating and dissipation can be very important.
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Fig. 25: Top. The structure of impulsive reconnection
outflow with embedded Kelvin-Helmholtz unstable flux
tube (tangential discontinuity) and turbulence, bottom: A
twisted flux tube moving with speed U embedded into
twisted external magnetic field.

Visibility of solar Type lll radio bursts: A ste-
reoscopic technique has been applied to local-
ize the Type Ill burst source region. Observa-
tions of Ulysses URAP, Cassini RPWS, and Wind
WAVES experiments show that the electron
beam is along the interplanetary magnetic field
and that the trajectory is an Archimedean spi-
ral. This allows inferring the visibility of the
source location with regard to the spacecraft
position.

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 early 2017,
will simultaneously explore Mercury and its en-
vironment: the Japanese Magnetospheric
(MMQO) and ESA's Planetary Orbiter (MPO). IWF
plays a major role in developing the magne-
tometers for this mission: it is leading the
magnetometer investigation aboard the MMO
(MERMAG-M) and is responsible for the overall
technical management of the MPO magnetom-
eter (MERMAG-P). For MPO, IWF also leads the
development of PICAM, an ion mass spectrom-
eter with imaging capability, which is part of
the SERENA instrument suite, to explore the
composition, structure, and dynamics of the
exo-ionosphere.

During 2014, the instrument teams at IWF sup-
ported system level testing of both MMO and
MPO spacecraft in Japan and Europe, respec-
tively. It included detailed functional, vibration,
and thermal tests. Furthermore, the IWF mag-
netometer group has started with the assembly

Fig. 26: Moving BepiColombo MPO into ESA’s space simu-
lator end of October 2014 (Credits: ESA/A. Le’Floch).

In November 2014 the system level thermal
vacuum and thermal balance test of the MPO
satellite took place at ESA, which was one of
the major milestones towards a successful
launch of BepiColombo (Fig. 26).



Beside the system level tests with the qualifi-
cation model, for PICAM the main task in 2014
was the flight model campaign. Integration of
the mechanical parts was carried out in the first
quarter of the year, followed by the full assem-
bly of the instrument and initial performance
tests. The tests showed the necessity of further
improvements of the electronics’ thermal be-
havior. The updates, which became available in
autumn, were assembled in the final flight con-
figuration of the sensor. PICAM was then veri-
fied with respect to vibration, thermal vacuum,
electromagnetic cleanliness and physical prop-
erties. Consequently the unit was provisionally
accepted in its pre-shipment review at the end
of 2014 with the final performance verification
and calibration still ongoing.

Venus & Mars

Two terrestrial planets are located just inside,
Venus at 0.7 AU (AU = Astronomical Unit, dis-
tance Earth-Sun), and just outside, Mars at
1.5 AU, of the Earth’s orbit around the Sun. Ve-
nus has a radius only slightly smaller than Earth
and is differentiated; it does, however, not ex-
hibit an internal magnetic field. Mars has a ra-
dius about half as big as that of the Earth, is
also differentiated, but only exhibits remnant
surface magnetization of a now defunct inter-
nal 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 vector
with a cadence of 128 Hz. It maps the magnetic
properties in the magnetosheath, the magnetic
barrier, the ionosphere, and the magnetotail.

Since its arrival at Venus in 2006, Venus Ex-
press had been on an elliptical 24-hour orbit,
with a pericenter of 250 km over the north
pole. After more than eight years of continuing
operation well beyond the initial expectations
of the mission, the mission’s team initiated the
aerobraking campaign right after the end of
normal science operations on 18 May. During
the aerobraking campaign, which lasted from
May to June, the spacecraft gradually de-
creased its pericenter down to 130 km. The
magnetometer remained ON and interesting
data were collected.

However, full contact with Venus Express was
lost on 28 November. Since then the telemetry
and telecommand links had been partially re-
established, but they were very unstable and
only limited information could be retrieved. All
information indicated that the spacecraft was
running out of propellant. Without propellant,
it was no longer possible to control the attitude
and orient Venus Express towards Earth to
maintain communications. On 27 November
2014, the last magnetometer data were col-
lected. In December, ESA officially announced
the end of the Venus Express mission.

InSight

NASA’s /nSight mission to Mars is due for
launch in 2016. IWF is contributing to the HP?
(mole) experiment. One of the tasks of HP3is
to explore the mechanical properties of the
Martian soil as the mole penetrates the ground
to a planned depth of about 3 m. In order to
evaluate soil-mechanical parameters from a
measured depth-versus-time curve, a model
based on the theory of pile driving has been
developed. This model predicts the depth pro-
gress of the mole caused by each hammer
stroke as well as the vibrations of the mole and
the surrounding soil. As a typical result, Fig. 27
shows the progress of the mole in different
gravity environments caused by one hammer
stroke.
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Fig. 27: Penetration of the InSight/HP? mole into a granular
regolith ground. The graphs show the permanent displace-
ment of the mole tip caused by one hammer stroke in dif-
ferent gravity environments and at different depths.

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 interaction.

Loss of hot C and O atoms from Mars: The es-
cape of supra-thermal photochemically pro-
duced O and C atoms from the present Martian
atmosphere during low and high solar activity
has been studied with a Monte-Carlo model.
The model includes (a) the initial energy distri-
bution of photochemically produced hot at-
oms, (b) elastic, inelastic, and quenching colli-
sions between the supra-thermal atoms, and
(c) the ambient cooler neutral atmosphere. It
applies energy dependent total and differential

cross sections for the determination of the col-
lision probability and the scattering angles. Fig.
28 shows all possible production processes
and rates for hot O and C atoms. The loss rates
of hot O atoms of 2.3-2.9 x 1025 s-! indicate
that the main sources of the hot O atoms are
mainly related to dissociative recombination of
02+ and COz+. The total loss rates of carbon are
found to be 0.8-3.2 x 1024 s-1 for low and high
solar activity, respectively, with photo-dissoci-
ation of CO being the main source. It is also
found that depending on solar activity, the ob-
tained carbon loss rates are up to 40 times
higher compared to the CO:* ion loss rate es-
timated from Mars Express ASPERA-3 observa-
tions.
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Fig. 28: Production rates of hot O atoms (top) and hot C
atoms (bottom) for high solar activity.

Jupiter & Saturn

Jupiter and Saturn are the two largest planets
in the solar system. Because of their atmos-
pheric composition they are called “gas giants”.
Both planets rotate rapidly (approximately with



a 10 hours period) and are strongly magnet-
ized, with the Jovian multipole field tilted at 10°
and the Kronian field almost dipolar and per-
fectly aligned with the rotational axis. The
magnetospheres are dominated by internal
plasma sources, generated by the large num-
ber of moons, particularly lo at Jupiter and En-
celadus at Saturn. The gas giants are also
strong sources of radio emissions.

Cassini

In 2014 the 10t anniversary of the Cassini
Saturn orbit insertion was celebrated. Cassini
has provided much new understanding about
the Saturnian system, and it will continue to do
so until September 2017, when the spacecraft
will make its deadly plunge into Saturn’s at-
mosphere. IWF participated in Cassin/ with the
Radio and Plasma Wave Science (RPWS) instru-
ment.

JUICE

ESA’s first Large-class mission JfUpiter 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 observa-
tions of the giant gaseous planet Jupiter and
three of its largest moons, Ganymede, Callisto
and Europa. IWF is taking part with Co-I-ship
for three different selected instrument pack-
ages.

Fig. 29: 3D model of the CDSM sensor with two fibre cou-
plers (a), a polarizer (b), a quarter-wave plate (c), a 25 mm
long Rb-filled glass cell (d) mounted between two damping
elements (e) and the sensor housing.
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For the Jupiter Magnetic Field Package (J]-MAG)
IWF supplies an atomic scalar sensor (Fig. 29),
which is developed in collaboration with TU
Graz. It was only defined as optional after in-
strument selection but became a baseline sen-
sor with the completion of the Preliminary Sci-
ence Requirements Review process in May
2014.

The Particle Environment Package (PEP) is a
plasma package with sensors to characterize
the plasma environment in the Jovian system
and the composition of the exospheres of Cal-
listo, Ganymede, and Europa. IWF participates
in the PEP consortium on Co-I basis in the sci-
entific studies related to the plasma interaction
and exosphere formation of the Jovian satel-
lites.

Last but not least, IWF is responsible for the
antenna calibration of the Radio and Plasma
Wave Investigation (RPW/) instrument. Numeri-
cal simulations of the antenna reception prop-
erties for the RPWI instrument have led to a
changed baseline configuration regarding the
antennas, which should be placed as an an-
tenna triad onto the magnetometer boom.

Physics

Remote sensing of the lo torus plasma ribbon:
Jovian hectometric (HOM) emissions were re-
corded by the Cassini/RPWS experiment during
its Jupiter flyby. Intensity extinction of HOM ra-
diation was observed and interpreted as a re-
fraction effect occurring inside the lo plasma
torus. This lead to an estimation of the electron
density and showed that UV and HOM wave-
length observations have common features re-
lated to the morphology of the lo plasma torus.
Maxima of enhancements/attenuations of
UV/HOM observations occur close to the lon-
gitudes of south and north magnetic pole.

Saturn kilometric radiation and the Great White
Spot: The periodicity of Saturn kilometric radi-
ation (SKR), a strong auroral radio emission in
the frequency range from a few kHz to



1.2 MHz, is varying with time over the years as
can be seen in Fig. 30. Before Saturn equinox
in August 2009 the SKR modulation spectro-
gram shows two different periods for SKR ra-
diated from the northern (~10.6 h) and south-
ern (~10.8 h) hemisphere.
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Fig. 30: Rotational modulation of SKR as a function of time
from 2004 until early 2013. There are two periods related
to SKR from different hemispheres until shortly after equi-
nox, but there is mainly one period until 2013 (black
dashed line) except for a few month in early 2011. The du-
ration of the Great White Spot (GWS), contemporaneous to
a remarkable feature in the spectrogram, is indicated by
vertical white lines.

The Great White Spot (GWS) was a giant thun-
derstorm that raged in Saturn’s atmosphere
from December 2010 until August 2011. It is
exactly during this time that the SKR modula-
tion period experienced a sharp drop and a
sudden jump back to a faster rotation. This re-
lation is supporting the theory that Saturn’s
magnetospheric periodicities are driven by the
planet’s upper atmosphere. The GWS was a
source of intense gravity waves that may have
caused a global change in Saturn’s thermo-
spheric winds via energy and momentum dep-
osition. Hence, a change of winds in the auroral
thermosphere can influence the slippage of the
magnetosphere via field-aligned currents,
which generate the SKR.

Comets

Space missions like Giotto, VEGA, Stardust,
Deep Impact, and others have dramatically in-
creased our knowledge on comets and their
nuclei from fast flybys. Rosetta’s arrival at
comet 67P/Churyumov-Gerasimenko (67P/
CG) in August 2014 and the landing of Philae

on the comet’s surface in November changes
the field of cometary physics completely.

Rosetta

ESA’s Rosetta arrived at 67P/CG after a ten year
journey through interplanetary space. As solar
panels are the only energy source for the
spacecraft, which do not supply enough energy
around Rosetta’s aphelion the craft was put
into sleeping mode in June 2011. After a suc-
cessful wake-up call in January 2014, the com-
missioning phase for the instruments started,
testing all the instruments before arrival. Ro-
setta arrived at the comet on 6 August. After
extensive surface mapping, the Philae lander
was dropped onto the comet’s nucleus on 12
November. Rosetta will continue to follow
67P/CG along its orbit through perihelion and
beyond, at least until mid 2016. Philae has
used the power in its batteries during the first
science period of approximately 30 hours, and
is now recharging.

IWF participates in five instruments aboard
both orbiter and lander and is working now on
the evaluation and interpretation of the data.

MIDAS: The MIDAS instrument on-board the
Rosetta orbiter, led by IWF, is designed to col-
lect and analyze the smallest dust particles
ejected from comet 67P/CG. By using the tech-
MIDAS
builds 3D images of dust grains with nanome-

nique of atomic force microscopy,

ter resolution. These can be used to address
fundamental questions about the building
blocks of comets and our Solar System.

Since wake-up MIDAS has performed nearly
400 scans. Initial results show that the comet
emits fewer small particles than expected, but
this may change as 67P/CG becomes more ac-
tive.

MUPUS (Multi-Purpose Sensor): After landing of
the Philae spacecraft on comet 67P/CG on 12
November 2014 the penetrator of the MUPUS
experiment was deployed and made an attempt
to hammer itself into the cometary surface. The
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hammering device performed about 500 ham-
mer strokes, most of them with the maximum
possible power. However, after having moved
through a very soft dust layer with a thickness
of several cm, it encountered a very hard layer,
with an estimated crushing strength in the
range of several MPa, which the MUPUS-PEN
instrument was not able to penetrate. This hard
layer consists supposedly of sintered water ice
formed by the interaction of the original com-
etary material with the solar radiation during
many encounters of the comet with the Sun.
Similar ice crusts were observed almost 20
years ago in laboratory experiments devoted to
the “simulation” of cometary surface pro-
cesses.

Although the MUPUS instrument could not per-
form the planned thermal conductivity meas-
urements during the first science sequence, its
thermal sensors nevertheless performed valu-
able temperature measurements, which are
currently being evaluated. The temperatures
measured by the sensors installed inside the
MUPUS-PEN tube before and after its deploy-
ment are shown in Fig. 31.
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Fig. 31: Temperature trend measured by the MUPUS-PEN
sensors before and after the deployment of the instrument
at the cometary surface.

The decreasing temperature trend after the de-
ployment can be interpreted either as in-
creased radiation cooling or that the penetrator
has moved into a cold dust pile or layer. There
is still some hope that, after the comet has
come closer to the Sun by about May/June
2015, the lander and its experiments will be
able to perform further measurements in the
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frame of the planned LTS (Long Term Science)
phase.

Physics

Field line draping and mirror modes at comet
1P/Halley: In preparation for the Rosetta mis-
sion the data from the comet 1P/Halley flybys
by Vega 1, 2 and Giotto were investigated for
two characteristic phenomena: mirror mode
waves (MMW) and field line draping. Both are
created by the interaction of the solar wind
magnetoplasma with the outgassing comet.
The gas from the comet gets ionized by solar
UV radiation or by collisions. The ions get
picked up by the solar wind magnetic field and
create a conducting layer around the comet.
The solar wind magnetic field cannot pass un-
hindered though this layer and gets “hung-up”;
the field lines go slower near the comet then
farther away and drape themselves around it.
It is shown that there is a linear dependence
between the sun-comet direction (Bx) of the
field and the radially-from-the-comet compo-
nent (Brad) for draping (see Fig. 32). Intervals
of draping and non-draping alternate (are
nested) in the magnetic pile-up region. Com-
paring the draping between the three flybys
shows that it can change significantly over the
timespan of eight days.
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Fig. 32 Scatterplot of Brad vs. Bx for an interval of non-
draping (left) and an interval of draping (right).

Unlike in planetary magnetosheaths, it was
shown that for comets MMWs are not gener-
ated at the bowshock and transported down
stream, but are generated near the comet. The
freshly picked-up ions create a ring distribu-
tion in phase space, which is unstable for the
generation of these waves. Their size was es-



tablished to be about 2 ion (H20) gyro radii.
The upstream solar wind conditions and the
comet’s gas production rate plays a strong role
in the occurrence rate of MMWs, which be-
comes clear after comparing the three Halley
flybys.

Exoplanets

The field of exoplanet (i.e. planets around stars
other than our Sun) research has developed
strongly, in the past decade. Since the discov-
ery of 51 Peg b, the first Jupiter-type gas giant
outside our Solar System, more than 1000 exo-
planets, about 800 planetary systems with
more than 170 multiple planet systems 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 surrounded by
dense hydrogen envelopes or volatiles. By min-
imizing the uncertainties of the radii with the
upcoming missions CHEOPS and PLATO, den-
sities and hence the structure of these planets
will be better determined.

CHEOPS

ESA’s first Small-class mission CHEOPS (CHar-
acterizing ExOPlanets Satellite, Fig. 33) will be
the first space mission dedicated to character-
ize exoplanets in detail. It will focus on exo-
planets with typical sizes ranging from Nep-
tune down to Earth diameters orbiting bright
stars. This mission will also try to specify the
components of their atmospheres.

The electrical subsystem for CHEOPS consists
of two units, the BEE (Back-End-Electronics)
and the camera. IWF is responsible for the de-
velopment of the fully redundant BEE. The in-
stitute develops the DPU (digital processing
unit) and its boot software, while the PSU
(power supply unit) is a contribution of RUAG
Space Austria. The BEE provides the electrical
interface to the spacecraft and performs the

control of the CHEOPS instrument. Commands
are routed from the spacecraft through the BEE
to the camera and the image data are com-
pressed and packetized for transmission.

Fig. 33: 3D model of the CHEOPS spacecraft.

EADS-CASA was selected as the spacecraft
provider by ESA in April 2014. This was the
starting point to establish the final requirement
specification for the BEE electronics. A state-
ment of work for the industrial PRODEX con-
tract for the PSU has been established. The de-
velopment of the processor board started with
a prototype, which shall be ready in the first
quarter 2015. The documentation for the pre-
liminary design review has been prepared. In
parallel, the specifications for the boot soft-
ware have been established. The release of the
first version is planned for mid-2015.

Physics

Exoplanet magnetic fields and mass loss: To
study the effects of intrinsic magnetic fields of
hydrodynamically expanding, partly ionized
upper atmospheres of giant exoplanets in
close-orbit locations on atmospheric escape
processes, a hydrodynamic model was applied
to HD 209458b. The major focus of this study
was the self-consistent inclusion of radiative
heating and ionization of the expanding at-
mospheric gas in the host star’s radiation en-
vironment. Primary attention was paid to in-
vestigation of the role of specific inner and
outer boundary conditions, under which differ-
ent regimes of escaping gas (free- and re-
stricted-flow) are formed. A comparative study
of different processes, such as XUV heating,
ionization and recombination, IR-cooling, adi-
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abatic and Lyman-« cooling, as well as Lyman-
o reabsorption has been carried out. It was
found that under the typical conditions of an
orbital distance 0.05 AU around a Sun-type
star a Hot Jupiter plasma envelope may reach
maximum temperatures up to 9000 K with a
hydrodynamic escape speed of about 9 km/s
resulting in the mass loss rates of
(4-7) x 100 g/s. In the range of considered
stellar-planetary parameters and XUV fluxes
that is close to the mass loss in the energy lim-
ited case. Fig. 34 illustrates the calculated pro-
files.
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Fig. 34: Stellar XUV induced mass loss rate dependence as
a function of orbital distance of HD 209458b to a Sun-like
host star.

Transit observations of the studied exoplanet
in the stellar Ly-« line revealed a strong ab-
sorption in the blue and red wings of the line
that can be interpreted as H atoms escaping
from the planet’s exosphere at high velocities.
The following sources for the absorption were
suggested: acceleration by the stellar radiation
pressure; natural spectral line broadening; or
charge exchange with the stellar wind around
an exoplanet magnetic obstacle. The transit
observation of the Hubble Space Telescope can
be reproduced by a model that includes all
aforementioned processes. The results support
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a stellar wind with a velocity of 400 km/s at the
time of the observation and a planetary mag-
netic moment of 1.6 x 1026 A/m2. Fig. 35 il-
lustrates the corresponding Lyman-o absorp-
tion in comparison to the transit observation by
the Hubble Space Telescope.
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Fig. 35: Comparison of modeled (red line, including spec-
tral broadening,; green line, without spectral broadening)
and observed (blue line) Ly-alpha spectra at mid-transit.
The region of contamination by geocoronal emission at low
velocities is excluded and marked by the shaded area.

The capture and loss of primordial hydrogen
atmospheres has been also investigated for
rocky protoplanets inside the habitable zone of
Sun-like stars with masses between 0.1 and
5 Me during the first 100 Myr of planetary evo-
lution. The evolving stellar activity and chang-
ing radiation in the XUV range was taken into
account, and the masses of collected atmos-
phere envelopes of nebula origin have been
calculated. It is shown that for the typical evo-
lution of a G star, the cores with masses below
2 M can evolve to planets with terrestrial-type
secondary atmospheres, while more massive
cores stay as Mini-Neptunes surrounded by a
thick hydrogen-helium envelope during their
whole life times.



Testing & Manufacturing

Instruments onboard spacecraft are exposed to
harsh environments, e.g., vacuum, large tem-
perature ranges, radiation and high mechanical
loads during launch. Furthermore, these in-
struments are expected to be highly reliable,
providing full functionality over the entire mis-
sion time, which could last for even more than
a decade.

Vacuum Chambers

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

The Medium Vacuum Chamberhas a cylindrical
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 has a horizontal
cylindrical stainless steel body and door, a vi-
sion panel, two turbo molecular pumps and a
dry scroll forepump. A pressure of 10-7 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 perpendic-
ular axes. The vacuum chamber is enclosed by

a permalloy layer for magnetic shielding. To
enable the baking of structures and compo-
nents (to outgas volatile products and un-
wanted contaminations), the chamber is
equipped with a heater around the circumfer-

ence.

The Thermal Vacuum Chamber is fitted with
two turbo molecular pumps, a dry scroll fore-
pump, and an ion getter pump, which together
achieve a pressure level of 10-6 mbar and allow
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 between -90 °C and
+140 °C. The vertically oriented cylindrical
chamber allows a maximum experiment diam-
eter of 410 mm and a maximum 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 10-5 mbar. With an external ther-
mostat the chamber temperature can option-
ally be controlled between -90°C and +50°C.

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

minimum

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
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to +180 °C. The chamber has a test space of
190 litres 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 capa-
ble to produce radiation between 200-400 nm
(UV-A, UV-B, UV-C).

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 remaining
field noise is <2 pT/VHz at 1 Hz. A special
Helmholtz coil system allows generating field
vectors of up to £30000 nT around the sensor
under test.

Fig. 36. Stiftsgymnasium St. Paul visiting the temperature
test facility of the IWF magnetometer lab.

The Magnetometer Temperature Test Facility
(Fig. 36) is used to test magnetic field sensors
between -170 °C and +220 °Cin a low field and
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low noise environment. Liquid nitrogen is the
base substance for the regulation, which is ac-
curate to +0.1 °C. A magnetic field of up to
+100000 nT can be applied to the sensor dur-
ing 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 in-
ternal dimensions are 118 x 60 x 56 cm3.

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



Outreach

Public Outreach

IWF is actively engaged in science education
and public outreach. 2014 PR activities con-
centrated on Rosetta. ESA's comet chaser,
launched in 2004, was put into deep-space hi-
bernation in June 2011. On 20 January 2014 it
was woken up and IWF invited the public to join
this exciting moment and welcomed more than
100 visitors (Fig. 37).

-

Fig. 37: Children shouting “Wake up Rosetta” during the
Rosetta Wake-Up event at IWF Graz.

The URANIA series of lectures in March and
April were dedicated to "Cometary research in
Graz", too.

In May, IWF participated in the exhibition “Wir
sind Europa” during the Graz Spring Fair and
presented several Rosetta (spacecraft and pay-
load) models.

Finally, the general public could follow the
first-ever landing on a comet on 12 November
2014 live at IWF (Fig. 38). Because of the his-
toric significance and the enormous popular
interest this was a multi-local event with gath-
erings at OAW in Vienna and a live broadcast at
the Graz UCI cinema. LR Drexler, and Deputy
Mayor Schrock kept their fingers crossed for

Philae during the “Rosetta Touchdown” at IWF.
In Vienna, Vice-President Alram welcomed BM
Stoger (bmvit), FWF president Ehrenfreund as
well as FFG representatives Pseiner and Posch
A livestream was Youtube
(www.youtube.com/watch?v=p4ScjZawnac).

shown on

Throughout the rest of the year, many different
groups and school classes (“Seniorlnnenref-
erat” of the City of Graz, VS Eisteich, VS Peter
Rosegger, VS Raaba, VS Ursulinen, NMS An-
dritz, NMS Krottendorf, and Stiftsgymnasium
St. Paul) visited the institute.

From 27 February until 11 May, Universalmu-
seum Joanneum showed the exhibition ,ldee
und Form. Mathematik und die Schénheit der

Kunst®, which was well visited and co-curated
by Bruno Besser.

Fig. 38., IWF Vice-Director Magnes (center) welcomed
LR Drexler (left) and Deputy Mayor Schrock (right) at the
“Rosetta Touchdown” event (Photo. Sabine Hoffmann).

On 4 April, more than 1600 people visited both
IWF and the Lustbihel Observatory during the
“Lange Nacht der Forschung”. The program in-
cluded experiments, movie shows, guided
tours through the labs, a demonstration of the
laser, a remote controlled Mars Rover tour over
a simulated surface of the red planet, and last
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but not least a “How to cook a comet” show
(Fig. 39).

Fig. 39: Children waiting to get a bit of a comet, which sur-
prisingly tasted like chocolate icecream.

From 4-5 September, the Summer University
“Graz in Space” was held at University of Graz.
About 70 participants listened to several talks,
which concentrated on Rosetta, space weather
and possible life on exoplanets.

On 19 September, Deputy Mayor Schrock orga-
nized the first “Grazer Weltraumtag” in Graz
exhibitions,

downtown with experiments,

computer games, children’s corners, and a

stage discussion (Fig. 40).

Fig. 40: Werner Magnes and Manfred Steller (from right)
participated in the stage discussion moderated by Kleine
Zeitung journalist Norbert Swoboda.

From 22-24 September, IWF hosted the
UN/Austria Symposium on “Space Science and
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the United Nations” with more than 50 partici-
pants from all over the world.

From 8 October until 12 November 2014 the
“Grazer ALL-Tage” presented science and art
across the universe. IWF Graz opened its labs
to interested young people and gave several
talks in the completely overbooked UCI Annen-
hof cinema.

On 6 November, IWF director Wolfgang
Baumjohann was invited by APA to a panel dis-
cussion about Austria’s contribution to “Big

Science” matters (Fig. 41).
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Fig. 41: APA-Science event in Vienna with Hannes An-
drosch, Sabine Ladstétter, Alois Saria, Christian Miiller,
Wolfgang Baumjohann, Jochen Schieck, and Daniel Weselka
(fitr, photo: APA/APA-Fotoservice / Schedl).

On 28 November, Daniel Schmid presented in
the frame of a bmvit-organized research speed
dating his work to students of the BHAK and
HBLA Klagenfurt (Fig. 42).

From 1-4 December, “Post Alpach” was held at
Schloss St. Martin, where Glinter Kargl served
as tutor.

On 4 December, the Embassy of Slovenia orga-
nized together with IWF Graz and the Pavelhaus
the presentation of the book “Herman Potocnik
Noordung”.

In the framework of the “FEMtech” program of
FFG, one young lady from KFU Graz worked at
IWF for two months. During summer time,

three  high-school students from BRG
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Monsbergergasse Graz (solar corona and its
expansion into interplanetary space), HTL-
BULME Graz-Gosting (design and assembly of
a Spacewire time display), and Akademisches
Gymnasium Graz (influence of the foreshock
region on the dayside magnetopause and on
geomagnetic activity), performed an internship
at IWF under the “Talente-Praktika” program of
FFG.

Fig. 42: Daniel Schmid explains experimental plasma
physics to students (Photo: PlanSinn).

Awards & Recognition

During the EGU General Assembly, Rumi Naka-
mura was the first woman to be awarded the
Julius Bartels Medal for her most outstanding
contributions to our current understanding of
solar-terrestrial relations (Fig. 43).

Meetings

From 19 to 21 May the workshop Penetrometry
in the Solar System Il was hosted by the insti-
tute at Seggau Castle with almost 20 interna-
tional participants. The meeting was organized
by Norbert Kdmle and Giinter Kargl.

The Annual Meeting of the Austrian Physical
Society, taking place in Poéllau from 24 to 27
September with 180 participants, was co-or-
ganized by Bruno Besser.

In October Manfred Steller organized the
Cheops Programm Meeting and So/ar Orbiter

RPW Consortium Meeting with approx. 40 par-
ticipants each. Both were held at the institute.

From 4 to 6 November the Rosetta RPC Team
Meeting was held at at Seggau Castle with al-
most 50 participants from all over the world.
The meeting was organized by Martin Volwerk.

Wolfgang Baumjohann served as Vice Director
and on the Program Committee of the Summer
School Alpbach, which took place from 15 to
24 July and was dedicated to ,Geophysics of the
Terrestrial Planets”. Every year, 60 students
and about 25 lecturers and tutors from among
ESA’s member states are invited to this meet-
ing.

Additionaly, H. Lammer, Y. Narita, and
M. Volwerk were members of program and/or
scientific organizing committees for three
international conferences and/or workshops.
M. Andriopoulou, M.Y. Boudjada, G. Fischer,
G. Kargl, M.L. Khodachenko, G. Kirchner,
H. Lammer, C. Mostl, R. Nakamura, Y. Narita,
M. Volwerk, and Z. Véros organized or chaired

21 sessions at 10 international meetings.

Fig. 43: Deputy Mayor Martina Schrock congratulated Rumi
Nakamura to her Bartels Medal (Photo: Stadt Graz/Sonja
Tautscher).

Lecturing

IWF members are actively engaged in teaching
at three universities and two universities of ap-
plied sciences. In summer 2014 and in winter
term 2014/2015 the following lectures were
given:
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KFU Graz
Einfihrung in die Aeronomie (Lammer)
Einfihrung in die Planetologie (Komle)

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

Praktikum aus Weltraumphysik und Aerono-
mie (Nakamura et al.)

TU Graz

Advanced Satellite Geodesy (Baur et al.)

Design and Development of Space Qualified
Hardware (Magnes)

Digitale Audiotechnik, Labor
(D. Fischer, Magnes)

GGOS and Reference Systems (Baur et al.)
Signalprozessortechnik (Magnes)

Weltraumplasmaphysik (Plaschke)

TU Braunschweig

Plasma-Astrophysik (Narita)

FH Joanneum

Mathematik 1 fur Informatik (Lichtenegger)

FH Wiener Neustadt

Space Environment and Interactions
(D. Fischer, Plaschke)

Advanced Course

The four semesters Master Studies curriculum
~Space Sciences and Earth from Space” as a co-
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operative curriculum within the frame of NAWI
(KFU and TU) Graz was established in 2011 and
continues with starts each winter term. At pre-
sent approximately 30 students have enrolled.

Theses

Besides lecturing, members of the institute are
supervising Bachelor, Diploma, Master and
Doctoral Theses. In 2014, the following super-
vised theses have been completed:

Kislyakova, K.: Modeling of the Interaction be-
tween Stellar Wind Plasma and the Upper At-
mosphere of Exoplanets as a Tool for Evo-
lution Studies, Doctoral Thesis, Universitat
Graz, 181 pages (2014)

Rollett, T.: Evolution of Coronal Mass Ejections
and their Heliospheric Imprints, Doctoral
Thesis, Universitdat Graz, 103 pages (2014)

Schaffer, A.: Calibration Strategy for a Thermal
Probe Applicable in Planetary Research, Di-
ploma Thesis, Universitat Graz, 129 pages
(2014)

Schantl, P.: Analysis of Turbulence in the Solar
Wind, Diploma Thesis, Universitat Graz, 104
pages (2014)

Tiefenbacher, P.: Measurements of Thermal
Properties with a Dual-Needle Probe for
Planetary Applications, Diploma Thesis,

Universitat Graz, 167 pages (2014)

Wolbang, D.: Seismo-Electromagnetic Parame-
ter Study of Sub-lonospheric VLF Radio
Links in Europe, Diploma Thesis, Universitat
Graz, 118 pages (2014)
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