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DLR Physics of Small Bodies and Extrasolar Planets Section 
Annual Report 2001 

 
 
1 . Introduction (E. Kührt) 
  
The Section “Physics of Small Bodies“, established in the Institute of Space Sensor Technology and 
Planetary Exploration of the DLR (German Aerospace Center) in January 1997, was restructured in 
2001 and several colleagues from other sections joined us. The new research field “Extrasolar Planets” 
has become an integral part of our activities and is now anchored in the Section’s name.  
 
Our scientific work focuses on investigations of comets, asteroids, and extrasolar planets, mainly in the 
visible and infrared wavelength ranges, and includes modelling of associated physical processes and 
contributions to relevant space missions, including the delivery of hardware. Other fields of interest are 
risk evaluation of impacts of small bodies on our home planet and the transfer of space technology to 
solve environmental problems on Earth.  
 
This report describes the results of our research and other activities in 2001. Highlights are the delivery 
of the Flight Models of ROLIS and MUPUS-TM for the Rosetta Mission, the entry into the COROT 
mission, the observation programs of comets and asteroids at large telescopes within international 
teams, and the commercialisation of the AWFS-technology (Autonomous Forest Fire Recognition 
System). The Appendix summarises publications, project contributions, observation campaigns, and 
public outreach activities. 
 
Comets and asteroids are thought to be remnant material from the processes of formation and initial 
development of planets, and therefore a source of information on conditions in the early Solar System. 
Comets are thought to contain unprocessed, virginal matter from the earliest phases of Solar System 
formation. Their origin and development in the cold outer regions of the Solar System have resulted in 
physical and chemical properties that differ considerably from those of planets, moons and asteroids. 
The low density and temperatures (< 100 K) of the primordial planetary nebula, and the low relative 
velocities of the colliding building blocks during the accretion phase determined the composition of 
comets and their fluffy low-density structure. The volatile components of cometary nuclei are 
responsible for their activity when they approach the Sun. 
 
Many scientists believe that comets and asteroids have significantly influenced the evolution of the 
terrestrial planets. In particular, public interest in near-Earth asteroids has risen dramatically in recent 
years as a result of the recognition that such objects occasionally collide with the Earth with potentially 
catastrophic consequences. While close approaches of near-Earth asteroids may not bode well for the 
long-term survival of our civilization, they provide scientists with unique opportunities to study these 
important objects in detail. Knowledge of the physical characteristics, such as sizes, surface properties 
and compositions obtained from observations of small bodies is essential for investigations of the role 
they have played in the evolution and development of the planets and life on Earth, the current threat 
they pose to civilization as potential impactors on the Earth, and for the design and planning of fly-by 
and lander missions. Such missions (e.g. Rosetta, Deep Space1, Contour) illustrate the growing world-
wide interest in small bodies of the Solar System. 
 
The investigation of extrasolar planets promises to greatly improve our understanding of the develop-
ment of planetary systems in the universe. Within the last 7 years about 80 extrasolar planets have 
been discovered and this field has become a focal point of space science. Several space missions aimed 
at discovering new extrasolar planets and investigating their properties, such as  Corot and Eddington, 
are currently under development. 
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At the end of 2001 the staff numbers 7 scientists who hold doctorate degrees, one technical 
employee, four PhD students, one guest student and one guest scientist. Two PhD students and several 
projects were funded by external contracts (DFG, Münchener Rückversicherungs-Gesellschaft, PT).  
 
Berlin, January 2002 
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2. Scientific activities 
 
2.1  Cometary science 
 
Long-term optical spectroscopic monitoring program of comet Hale-Bopp (H. Rauer, J. 
Helbert, M. Weiler) 
 
Soon after the discovery of comet Hale-Bopp (C/1995 O1) in autumn 1995 it became clear that this 
object would be one of the exceptionally bright ‘century-class’ comets. To take advantage of the 
appearance of such an unusual object, a monitoring program was initiated in spring 1996. The 
monitoring was performed at optical telescopes, taking long-slit spectra and images through broad-
band filters. Most of the observations were obtained at the European Southern Observatory (ESO), 
Chile, using several telescopes ranging from 1.5m class to the VLT. In May and September 1996, 
observations were made at the 1.93m telescope of the Observatoire de Haute-Provence (OHP), France. 
The observation programme, which continued for 5 years until January 2001, covered a range of 
heliocentric distance from 4.6 to 2.9  AU prior to perihelion, and 2.8 to 12.8 AU post-perihelion. 
 
Emission bands of the CN, C3, C2 and NH2 radicals can be detected in the spectra obtained. While all 
emission bands already appeared in the first observations at 4.6 AU pre-perihelion, emissions of NH2 
could be followed up to 4.7 AU post-perihelion, C2 up to 5.0 AU, and C3 and CN even up to 7.0 AU 
and 9.8 AU, respectively. Even in this bright comet radio and infrared emissions of the parent 
molecules of CN, C2, C3 and NH2 could only be observed up to 6.7 AU (heliocentric distance) at most. 
The optically detected emissions of their daughter products, therefore, significantly extend the range 
where activity of these species can be accessed.  
 
To link the observed emissions of the daughter products to their parent species, their chemical 
formation processes must be known. While this is relatively easy for the formation of NH2 from NH3, 
observations of CN in comets near 1 AU have shown indications of additional extended sources in the 
coma that may contribute to the CN production rate. The nature of these sources (dust particles, 

molecular sources) is as yet unclear. However, 
we expected evaporation of dust particles to 
be less important in comets at large 
heliocentric distances. Therefore, we used the 
long-slit spectra of comet Hale-Bopp to 
investigate the formation of CN. It was found 
that the spatial column density profiles are in 
agreement with photodissociation of HCN, 
other parent sources are of little significance. 
Although this result does not exclude the 
possibility that additional CN sources exist in 
comets near 1 AU, it shows that CN can 
indeed be used to derive the HCN production 
rate in distant comets. Since CN is one of the 
few gaseous emissions (in addition to CO) 
that can be detected in comets beyond 6 AU 
from the Sun, it is important to establish the 
link allowing the parent production rate to be 
derived  from the daughter product in such 
comets.  
 
The situation is even more complex for the 
radicals C2 and C3. In addition to photo 
processes, other reaction pathways play a 

Fig. 1  Comet Hale-Bopp at 12.8 AU observed at ESO 
VLT/UT1 on Jan. 26, 2001. The image has been obtained 
through an R filter with 120 s exposure time. 
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role. Furthermore, the parent molecules are still being debated and reaction rates are sometimes only 
poorly known. The formation of these radicals, therefore, has been the subject of a detailed study 
forming part of the PhD thesis of J. Helbert (see section below). It could be shown that using spatial 
column density profiles of the daughter radicals, production rates and abundance ratios of their 
parents can indeed be constrained. 
 
The variation of gas production rates of the icy cometary constituents with changing heliocentric 
distance depends critically on the details of the sublimation processes of the nucleus. Unfortunately, 
the parameters determining cometary ice sublimation are only poorly known. The chemical abundance, 
but also the physical parameters of the nucleus, such as heat conduction, porosity, amorphous or 
crystalline ice, etc., have an influence on the activity variation with heliocentric distance. Ices 
sublimating from the nucleus surface will result in gas activity variations different to those from 
sublimation through pores in the nucleus interior. Observations of gas production rates of ices with 
different volatility at different heliocentric distances as performed for comet Hale-Bopp can, however, 
provide constraints for models of the sublimation process.  
 
The long-slit spectra have also been used to study the dust activity of comet Hale-Bopp during our 
observing campaign. The dust production rate has been derived and compared to the gas activity. This 
work forms part of the diploma thesis of M. Weiler (see section below). 
 
Publications of the results described here are in preparation. 
 
The chemistry of C2 and C3 in the coma of Comet Hale-Bopp (J. Helbert, H. Rauer) 
 
The C2 and C3 radicals have been observed in many comets in the past. The 5 years-worth of data 
collected in the optical long-term monitoring program of Comet Hale-Bopp offer a unique opportunity 
to study these two radicals over a wide range of heliocentric distances. The high activity level of Hale-
Bopp has made it possible to detect C3 emissions as far as 7 AU from the Sun, one of the most distant 
observations of this radical in a comet. C2 emissions were detectable up to 5 AU. The formation 
processes of C2 and C3 have been a topic of discussions in the literature for many years. Acetylene 
(C2H2) and Ethane (C2H6) have been proposed by several authors as parent molecules for C2. However 
these molecules have been detected only recently in the bright comets Hale-Bopp and Hyakutake. The 
most likely C3 parent molecule, C3H4 (in both of its isomeric forms allene and methylacetylene) has not 
been observed in any comet, nor have any of its dissociation products other than C3. 
 
Using the extensive data set of C2 and C3 observations obtained in the long-term monitoring program, 
J. Helbert started a new project in 1999 to investigate the formation process of these radicals. Studies 
of the evolution of the Haser scale length with heliocentric distance showed that these radicals are not 
formed in a single photo-dissociation step from one parent molecule. While this was an established 
opinion in the literature for the formation of C2 , it was less clear for the formation of C3.  
 
The results confirmed the need for a coma model, which would allow the formation processes of these 
two radicals to be studied in greater detail. As a starting point, a 'simple' coma model was developed 
focusing on the interpretation of ground-based observations. This model includes all radicals 
observable in the optical wavelength range and their proposed parent molecules. However the 
reactions are limited to photo-dissociation and -ionisation reactions, which are only a sub-set of the full 
chemistry in the cometary coma. This choice was based on the assumption that at large heliocentric 
distances photolytic reactions are by far the most dominant reactions. However, using this model it 
became evident that, although this assumption is valid for other radicals, a more detailed model is 
needed for C2 and C3. 
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Early in this work a collaboration was initiated 
with the group of Drs. W. Huebner and D. 
Boice, at Southwest Research Institute (SwRI) in 
San Antonio, Texas. They have developed a gas 
dynamic coma model including a detailed gas-
phase chemistry and self-consistent electron 
energetics. The gas-phase chemistry consists of 
approx. 20 reaction classes including photolytic 
and electron impact reactions. The model was 
developed for the analysis of in situ 
measurements during spacecraft missions to 
comets and is far more complex than the simple 
model described above. J. Helbert joined the 
group at SwRI for 6 months, starting in August 
2000. During his stay he contributed to the 
improvement of the C2 and C3 chemistry used in 
the model. For the C2 chemistry this meant 
mainly including and verifying all recent 
laboratory results. However, for the C3 
chemistry the situation is more difficult, because 
very little laboratory work has been performed 
to date. J. Helbert used the measured C3 

column density profiles in comet Hale-Bopp to estimate the photodissociation rates for some of the 
reactions needed.  
 
The resulting reaction networks for C2 and C3 formation have been verified by comparing modelled 
column density profiles for C2 and C3 with the measurements obtained during the long-term 
monitoring program. They show good agreement over the wide range of heliocentric distances 
covered in the monitoring program. The reaction network includes a large number of reactions 
involved in the formation of the two observed radicals. However, for most reactions the contribution is 
much smaller than 1%. It is possible to identify the main reaction pathways which dominate the 
formation process. Figure 2 shows as an example the main pathway for the formation of C2. Apart 
from photolytic reactions (blue arrows), electron impact reactions (green arrows) are the second most 
important reaction class. It is also interesting to note that C3 is itself a C2 parent molecule. 
 
Using the formation model, estimates for the abundances of the assumed parent molecules C2H2, C2H6 
and C3H4  could be derived. These are of special interest, because even in comet Hale-Bopp C2H6 could 
be observed only at heliocentric distances less than 3 AU. The C2H2 and C2H6 abundances derived from 
our work extend this range up to nearly 5 AU.  
 
The detailed chemistry model allows the gap to be bridged between ground-based C2 and C3 
observations to the nucleus composition of carbon bearing molecules. These are important indicators 
for formation scenarios of Hale-Bopp. 
 
Some results have been presented at the meeting of the  European Geophysical Society in Nice, April 
2001. The collaboration with SwRI will continue. This work, which is part of J.Helbert's PhD thesis, was 
supported by a DFG grant. 
 
Dust Production of Comet Hale-Bopp (M. Weiler, H. Rauer) 
 
The long-term observations of comet C/1995 O1 Hale-Bopp allow the dust production to be studied 
over an unprecedented range of heliocentric distances. The dataset covers heliocentric distances from 

  Fig. 2  C2 formation chemistry. 
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4.6 to 2.9 AU pre-perihelion and 2.8  to 12.8 AU post-perihelion, including long-slit-spectra and 
images through broadband filters. The long-slit spectra have been used to determine the dust activity 
of comet Hale-Bopp.  
 
The dust activity is expressed in the observational quantity Af? . This parameter is a measure of the 
effective surface of scattering dust in the aperture used. It is corrected with respect to the heliocentric 
and geocentric distances of the comet and is independent of aperture size if the dust coma is isotropic. 
Af?  is therefore a suitable quantity for the comparison of different comets and observing conditions.  

 
A model of the cometary dust distribution, provided by 
L. Jorda (Laboratoire d'Astrophysique de Marseille, 
France), has been used to compute dust production 
rates, based on the parameter Af? . This model includes 
the grain size distribution, the size-dependent density 
and velocity of dust particles, and the measured gas 
production rates. The variation of the ratio of dust and 
gas production rates and Af?  to the gas production rate 
with changing heliocentric distance provides 
information on the mechanisms of dust release from 
the cometary nucleus 
 
The results from this study will be submitted early in 
2002 as s diploma thesis to the Centre for Astronomy 
and Astrophysics of the Technical University of Berlin 
under the auspices of Prof. E. Sedlmayr. 
 

 
Diamagnetic cavity of comet 46P/Wirtanen – a  simulation study (U. Motschmann, T. 
Bagdonat1, E. Kührt) 
 
The formation of a diamagnetic cavity, i.e. an area with vanishing magnetic field, around a cometary 
nucleus was observed in the case of comet Halley. The properties of such a cavity in the case of 
Wirtanen are of major interest for the upcoming Rosetta mission. One aspect is the interpretation of 
data that will be collected by the Rosetta spacecraft; another one is the important question of whether 
or not the Rosetta lander can be navigated in a field-free region, which would have the advantage that 
no plasma waves would be present to  cause electrostatic charging of the lander’s technical 
equipment.  
 
From a theoretical point of view the cavity formation can be easily understood for a large comet like 
Halley. The initial outgoing motion of the ionised cometary gas atoms, further increased by the 
pressure gradient of the hot electrons, transports magnetic flux away from the nucleus. The solar wind 
transports frozen-in magnetic flux towards the nucleus and, furthermore, magnetic diffusion transfers 
magnetic flux towards regions with decreased field strength. The size of a diamagnetic cavity can then 
be determined from an equilibrium of these three effects. 
 
The Rosetta spacecraft will start its rendezvous with Wirtanen around a distance of about 3.5 AU. At 
this point the gas production of Wirtanen is very small, making it a “weak comet”for which the plasma 
physics is far more complicated. Therefore the simple equilibrium condition mentioned above can no 
longer be applied and numerical simulations are needed. 
 
We use a newly developed three-dimensional hybrid simulation code for this task in which the 
electrons are treated as a fluid and the ions are described as particles. The observed gas production  

 
Fig. 3  Interplanetary dust grain collected by a 
NASA aircraft. Particles like these were perhaps 
released by comet nuclei (image from D. 
Brownlee, University of Washington). 
 

1 TU Braunschweig 
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rates below 2.5 AU are extrapolated to larger distances using a model including several properties, 
such as thermal conductivity, rotation and size of the nucleus.Figs. 4 and 5 show results for 2.8 AU and 
3 AU, respectively. As can be seen, the structures look very different in these two cases. At 3 AU (Fig. 
5) the tail formed by the heavy ions is mostly located below the nucleus, performing a sort of cycloidal 
motion. At 2.8 AU (Fig. 4) the tail looks more normal, pointing in the direction of the solar wind flow. 
 
At 3 AU the magnetic field strength is increased at the nucleus, in strong contrast to the decreased 
magnetic field at 2 AU where a small cavity (dark spot) around the nucleus is visible, with a very large 
“shadow” extending along the tail. 
 
We conclude that the formation of the cavity takes place somewhere around 3 AU, which is 
fortuitously the designated distance for landing.  
 
2.2 Asteroid science 
 
Thermal infrared observations and thermal modelling of near-Earth asteroids (A. W. Harris, 
M. Delbo) 
 
A proposal submitted to the Keck Observatory via NASA, in collaboration with R. Binzel (MIT) and J. 
Davies (Joint Astronomy Centre, Hawaii), was awarded 1.5 nights in May 2001. This observing time 
award brings the total Keck time allocated to this programme to 4 nights over the last two years. A 
related application to the 3.6-m ESO telescope in Chile was awarded 2 nights in April and 1.5 nights in 
December and a further proposal submitted to the NASA Infrared Telescope Facility, in collaboration 
with S. J. Bus (IRTF), was awarded some 14 hours over a period of 1 week in December. The main 
purpose of this observation programme is to record the thermal emission continua of a large number 
of near-Earth asteroids (NEAs) around the thermal peak (5 – 20 µm). By fitting predicted thermal 
continua as generated by a suitable thermal model to the observational data, we aim to derive the 
sizes and albedos (surface brightnesses) of a significant sample of the NEA population and, in some 
cases, information on thermal inertias. We also aim to explore the limitations of asteroid thermal 
models and improve their accuracy. The unrivalled sensitivity of the Keck telescope (Fig. 6) enables 
smaller and fainter objects to be observed, thereby removing the bias inherent in surveys carried out 
with smaller telescopes that are limited to the largest and brightest objects. 
 
The accurate determination of the sizes of a significant sample of NEAs will provide crucial input for 
studies of the terrestrial impact hazard from these objects. The sizes of asteroids are normally 
estimated on the basis of their absolute brightness and an assumed albedo of around 0.11. Since the 
albedos of NEAs can lie anywhere in the range 0.03 – 0.6 this method of estimating diameters can be 
in error by a factor of 2 or more.   

 
 
Fig. 5 Same as Fig. 4 but for 3 AU. 

 
 
Fig. 4 Magnetic field and density of heavy ions for 
Wirtanen at  2.8 AU.  
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The size distribution and surface properties of NEAs also provide clues to their origin. Are they mainly 
fragments from collisions between main-belt asteroids or does the NEA population contain a 
significant number of “dead” comets, i.e. comets that have lost all or most of their volatile material 
and have thus become indistinguishable from asteroids? A possible fascinating outcome of our 
programme is the identification of candidate extinct comets. 
 

Two difficulties in the modelling of thermal-
infrared radiation from NEAs arise from the 
rotation of these often irregular objects and 
the fact that, unlike main-belt asteroids, NEAs 
are often observed at large solar phase angles.  
Due to its rotation, the projected area of an 
irregular asteroid is constantly changing and 
the observed thermal emission varies over the 
rotation period of the object, which may be a 
matter of hours or days. Correcting for this 
effect is relatively straightforward given 
optical lightcurve measurements made at 
about the same time as the infrared 
measurements. The effect of solar phase 
angle, however, is more difficult to deal with. 
The thermal flux observed from an asteroid at 
a large solar phase angle is strongly 
dependent on the object’s thermal inertia, 
surface roughness, shape, and rotation vector. 
Since these parameters are largely unknown 
in the case of NEAs, an accurate correction for 
phase angle is normally not possible. 

 
Observations made this year of the Amor asteroid (5587) 1990 SB illustrate these problems and 
demonstrate the usefulness of the near-Earth asteroid thermal model (NEATM, Harris, Icarus, 1988, 
131, p. 291). The NEATM is based on the standard thermal model (STM) but includes a first-order 
correction for the effects of thermal inertia, surface roughness and spin vector. Figure 7a shows 
provisional flux values from measurements of 5587 obtained with the Keck I telescope on May 10 over 
a period of 1.5 hours; in this case no correction for the large-amplitude lightcurve (1 mag peak-to-
peak; period = 5.05 hr) has been made. It is evident that the flux points are widely scattered compared 
to the thermal continua predicted by the fitted thermal models. Figure 7b shows the results after 
lightcurve correction (lightcurve data were provided by  P. Pravec of the Ondrejov Observatory, Czech 
Republic): it is seen that the measured fluxes now agree very well with the standard thermal model 
(STM) and NEATM fits but not that of the fast rotating model (FRM), which assumes a high thermal 
inertia and/or rapid rotation. 
 
Thermal-infrared observations of the NEA 5587 were also made from ESO on April 8, when the 
asteroid was at a smaller solar phase angle. Thus the Keck and ESO observations provide a rare 
opportunity to compare results for the same object derived from measurements made on different 
telescopes with different observing geometries. Figure 8 shows lightcurve-corrected flux measurements 
and thermal-model fits for the ESO observations. As in the case of the Keck results, the STM and 
NEATM continua fit the data better than that of the FRM.

Fig. 6 The two Keck domes on Mauna Kea, Hawaii. 
With their 10-m diameter segmented mirrors, the two 
Kecks are the largest telescopes in the world and by far 
the best for observations in the thermal infrared (5 –
20 µm). 
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The optical albedo values resulting from the STM fits to 
the Keck and ESO results are 0.53 and 0.46, 
respectively; the corresponding values resulting from 
the NEATM fits are 0.54 and 0.56, respectively. Thus 
the consistency of the NEATM results for the Keck and 
ESO data sets, taken at solar phase angles of 42° and 
19.5°, respectively, is better than that of the STM. 
 
The thermal-infrared work described here is partly 
supported by a grant from the DFG (German Research 
Council). 
  
Near-infrared spectroscopy of near-Earth 
asteroids (A. W. Harris) 
 
The programme of near-infrared spectroscopy of NEAs, 
in collaboration with J. Davies (Astronomy Technology 
Centre, Edinburgh), continued this year with the award 
of two further nights by the UK Infrared Telescope 

(UKIRT) time allocation committee. As far as possible the UKIRT observing time is coordinated with the 
Keck programme. The combination of Keck thermal-IR data with UKIRT reflection spectroscopy in the 
near-IR is a powerful means of exploring the physical characteristics of NEAs. Near-IR spectra are 
crucial for studies of asteroid mineralogy. Among the targets for which spectra were obtained this 
year is the NEA 5587 discussed above. Absorption bands of olivine and pyroxene are clearly present 
which, together with the high albedo resulting from the Keck and ESO thermal-IR results (see above), 
place tight constraints on the possible mineralogical composition and taxonomy of this asteroid. 
 
A fascinating recent result in the study of NEAs is the proof that they can have moons. Radar images 
of 1999 KW4 obtained in May by S. Ostro’s team at JPL (Fig. 9) clearly shows the presence of a satellite 
(Fig. 9). A number of other NEAs are suspected of being binary systems on the basis of less explicit 
results from radar and optical lightcurve observations. Several main-belt asteroids are also known to 
be binary from optical imaging, the majority of which have dark, carbon/organic-rich surfaces, a result 

Fig. 8  Lightcurve-corrected thermal-IR fluxes 
from the NEA 5587 observed with the ESO 
3.6-m telescope on Apr. 8. Model fits as in 
caption to Fig. 7. The solar phase angle at 
the time of these observations was 19.5°. 
Provisional results from the ESO data 
indicate diameter = 3.4 km and optical 
albedo = 0.56. 

a 

 

Fig. 7 (a) Thermal model fits to uncorrected infrared fluxes from the NEA 5587 observed with the Long-
Wavelength Spectrometer at Keck 1 on May 10. The curves represent model thermal-emission continua 
assuming different thermal characteristics with best-fit parameters: ········ NEATM; —— STM; ------- FRM. 
(b): The same after correction of the fluxes for the asteroid’s large-amplitude rotational lightcurve. The 
solar phase angle at the time of the observations was 42°. Provisional results from the Keck data indicate 
that 5587 has a low thermal inertia surface (dusty regolith), a diameter of 3.5 km, and an optical albedo 
of about 0.54. 

 
  a 

 
b 
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Fig. 10  Preliminary reflection spectrum of 1999 
KW4 obtained on May 28. The I, J short, J long, 
H, and K bands (in order of increasing 
wavelength) are shown in different colours. The 
broad absorption bands of olivine and pyroxene 
around 0.95 µm and 1.9 µm are clearly present. 
The atmospheric transmission and therefore the 
data quality are very variable across this 
wavelength range. 

that has led to speculation that there might be a link 
between taxonomic type and the processes of formation 
of binary asteroids. In the case of 1999 KW4 the steeply 
inclined orbit and small perihelion distance have inspired 
suggestions that this object may be the nucleus of an 
extinct comet (JPL press release, 30 May, 2001). 
  
A near-Infrared reflection spectrum of 1999 KW4 was 
obtained at UKIRT in May by J. Davies as part of this 
programme of spectroscopy of NEAs (Fig. 10). The 
spectrum clearly shows absorption bands around 0.95 
µm and 1.9 µm due to olivine and pyroxene. These 
features are not characteristic of a surface dominated by 
carbon and organic material such as is associated with a 
cometary nucleus. In the latter case a relatively flat, 
featureless spectrum would be expected. Thus the UKIRT 
results demonstrate that 1999 KW4 is almost certainly 
not of cometary origin and does not have a 
carbon/organic-rich surface. Indeed, the optical albedo of 
1999 KW4, implied by its size derived from the radar 
observations, is about 0.3, which is an order of 
magnitude higher than expected for the nucleus of a 
comet. 
 
Interestingly, the albedos of NEAs appear to be higher, in 
general, than those of observed main-belt asteroids. The 
vast majority of main-belt asteroids have albedos of less 
than 0.2, whereas a large fraction of the NEAs studied to 
date appear to have albedos of greater than 0.2. It is too 
early yet to attach much significance to this result 
because it may simply reflect observation selection 
effects and/or inadequacies in the thermal models used 
in the derivation of albedos. However, if NEAs really do 
have relatively high albedos, it may be due to their small 
sizes and young ages, compared to observed main-belt 
asteroids, and the fact that solar radiation, which causes 
darkening of asteroid surfaces (“space weathering”), has 
not had time to act on the relatively fresh surfaces of 
NEAs.  
  
 
 

Spin properties among the Trojan population (S. Mottola, A. Erikson) 
 
Over the past decade we have been carrying out a CCD photometric survey of L4 and L5 Jupiter 
Trojan asteroids. Reliable rotational periods and amplitudes have been determined for 72 objects, 
whereas spin axis solutions have been computed for 7 asteroids. The survey was designed to minimize 
the observational selection effects which have affected previous surveys, and which tend to 
underestimate the number of rotators with low amplitudes and long periods. For this reason our 
survey results in a sample which can be considered representative of the rotation properties of the 
Trojan population in the approximate size range 70-200 Km. 

Fig. 9  Delay-Doppler radar images of the NEA 
1999 KW4 obtained with the Goldstone radar 
system in May. Distance from Earth increases 
towards the bottom and speed from Earth 
increases towards the left. The elongated 
appearance of the primary is due to its rotation. 
These images clearly show the presence of a 
satellite. The diameters of the primary and 
secondary are roughly 1.2 km and 0.4 km, 
respectively.  [JPL] 
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A Study of the Cybele and Hungaria Asteroids (A. Erikson) 
 
Asteroids in general are considered to be more primitive than the major planets, and to have similar 
composition, size, and other physical properties as the planetesimal population from which the planets 
formed. Among them, the Cybele and Hungaria asteroids are of special interest due to their location 
on both sides of the main belt, with possible variations in their physical nature compared to the main 
belt population. Observations are performed in collaboration with colleagues in Madrid and Uppsala, 
with the aim of deriving spin properties from photometric observations and surface compositions from 
spectroscopic observations. The ultimate goal is to establish a complete framework of the physical 
properties of these asteroids and an integrated model of their evolution. During the year, first results 
from the photometric and spectroscopic study of the Cybele asteroids have been presented (Lagerkvist 
et al., 2001; Nathues et al., 2001) and the observational survey of a total of 30 objects has been 
completed. A study of the Hungarian asteroids was initiated in 2000 and observations performed 
during eleven campaigns at Calar Alto (Spain) yielded data for 31 objects. We plan to conclude the 
observational part of the project during 2002. 
 
The Near-Earth Objects Follow-Up Program (S. Mottola, A. Erikson, G. Hahn) 
 
Despite their importance, relatively little is known about the physical nature of NEOs. This fact is the 
motivation for a photometric observational program designed to investigate the basic physical 
properties (spin state, shape and surface properties) of these objects and to identify objects of special 
interest for more extensive studies and in situ exploration. We are therefore carrying out a follow-up 
program (see Mottola et al., Icarus, 1995, 117, 62; Pravec et al., Icarus, 130, 275; Erikson et al., Icarus, 
147, 487) to gather systematic observations for the derivation of rotation periods, spin vectors, overall 
shapes and colour indices both for objects with established orbits and newly discovered ones. In 
Krugly et al. (2001) new lightcurve observations of 16 NEOs and 2 Mars-crossers obtained in 1996-
1999 from three observational sites are presented. 
 
Asteroid Photometric Catalogue (A. Erikson)  
 
The Asteroid Photometric Catalogue (APC) is intended as a complete collection of all published 
lightcurves (i.e. magnitude as a function of time) of asteroids. In the present fifth version (Lagerkvist et 
al., 2001) all available observations up to 2001 are included and the catalogue consists of data from 
more than 1000 asteroids, including around 8000 individual lightcurves. The catalogue forms a natural 
basis for statistical investigations of spin, shape and surface properties of the asteroid population (see 
e.g. Erikson, DLR-Forschungsbericht 2000-37). 
 
Impact risk assessment (A. W. Harris, S. Werner) 
 
The albedo distribution of the NEA population is an important parameter in the assessment of the 
threat  posed to our civilization by NEAs. Studies of the total number of NEAs and their size 
distribution, compared to those of the population of impactors responsible for lunar cratering, have 
been published recently  (D’Abramo et al., 2001, Werner et al., 2001). The major result of the Werner 
et al. work, described in last year’s report, is the demonstration that the current total population of 

NEAs, as estimated from the rate of discovery of NEAs 
by dedicated search programmes, such as LINEAR 

Fig. 11  Lunar projectile size-frequency distribution fitted 
to estimates of the total population of near-Earth 
asteroids. N is the cumulative number brighter than H, 
where H is the absolute magnitude (H decreases with 
increasing size). The lunar projectile curves are 
normalized to N (<H) = 700 at H = 18 for pv  = 0.11 and 
at H = 17.1 for pv = 0.25, where 700 is the estimated 
total number of asteroids with diameters larger than 1 
km in the projectile population (Werner et al., 2001). 
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(Lincoln Near-Earth Asteroid Research) operated by MIT, is in good overall agreement with the lunar 
impactor size distribution as deduced from the size distribution of craters on the Moon (Fig. 11). To 
allow the size distribution of the lunar impactors to be compared with telescope observations of NEAs, 
which measure brightnesses, and, with a knowledge of the observation geometry, absolute 
magnitudes, H, it is necessary to make assumptions about the average optical albedo, pv, of NEAs. For 
the comparison shown in Fig. 11 pv = 0.11 (continuous curve) and pv = 0.25 (dashed curve) were 
assumed. It is seen that a better fit of the lunar projectile size distribution to the cumulative number of 
NEAs for H > 18 (corresponding to diameters less than ~1 km) is given by the higher value of pv, 
whereas the lower value of pv gives better agreement in the large-size range. This behaviour is 
consistent with the suggestion from the thermal-infrared observations of NEAs (see above) that 
smaller objects have higher albedos. Recent studies that have estimated the total number of NEAs 
with diameters of more than 1 km from search programme results have assumed pv = 0.11, based on 
the albedos of main-belt asteroids (the significance of 1 km is the general acceptance that an impact 
on the Earth of an object of this size or larger would have global consequences). The currently 
accepted total number of NEAs with diameters exceeding 1 km is 1000 ± 300. The adoption of a 
higher albedo would decrease this estimate. This project has been partly supported by funds from the 
Münchener Rückversicherungs-Gesellschaft. 
 
The two Suvasvesi lakes in central Finland - a possible doublet impact structure (S. Werner) 
 
The two Suvasvesi lakes (Suvasvesi North and Suvasvesi South) in Central Finland, Baltic Shield, are 
located close to the boundary between the Archean Karelian terrane (north) and the Mesoproterozoic 
Svecofennian terrane (south).  Both structures appear morphologically as circular lakes with no islands 
at their centres. The Suvasvesi N. structure is a proven simple impact structure; Suvasvesi S. has so far 
been proposed as a possible impact structure and could therefore be the second part of the doublet.  
 
The Suvasvesi N. structure, with a diameter of around 3.5 km, has been subjected to further 

investigation: additional 3D potential field analysis 
(gravity and magnetic) and an Euler deconvolution 
have allowed a determination of the melt volume (ca. 
0.015 km3), according to morphometric rules. 
Paleomagnetic data were obtained from the 
(unoriented) drill core specimens. These data reveal a 
remnant magnetisation direction for the suevitic melt 
body with a declination of 214° and inclination of -
60°. The corresponding paleopole, when plotted on 
the new apparent polar wander path (APWP) of 
Fennoscannia, suggests a possible age of 230-250 or 
770-790 Ma for the Suvasvesi N. event.  
 
The lake Suvasvesi S. structure shows no obvious 
features in the magnetic data but this may be due to 
subdued susceptibility and remanence, as is often 
observed in impact structures without distinct melt 
layers. However, the topographic, bathymetric and  
aeroelectromagnetic data point to a subsurface 
structure centred on the lake. A field trip in the 
summer of 2001 was made to the Suvasvesi S 
structure to obtain petrophysical data of the lake 
shore and island outcrops to support the gravity 

survey and the planned drilling in the winter of 2001/02. While the petrophysical data are still under 
investigation, preliminary results seem promising and indicate that the two Suvasvesi features may well 
be an example of a doublet impact structure. 

Fig. 12  The paleopole direction obtained from 
rock magnetisation and magnetic modelling is 
plotted on the Baltic Apparent Polar Wander Path 
(APWP). Within the 95% confidence belt two ages 
of 230-250 or 770-790 million years for the 
Suvasvesi N event are possible. 
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Mission analysis for rendezvousing with, landing on, and deflection of potentially hazardous 
objects (PHOs) (R. Kahle, G. Hahn) 
 
The presence of craters on the Earth and Moon constitutes undeniable proof that the Earth has often 
been struck by NEO's in its past. Furthermore, the currently observed large population of near-Earth 
asteroids implies that there is a continuing risk of future impacts on the Earth. In order to prevent a 
terrestrial impact catastrophe, technically credible mitigation missions have to be designed in the first 
instance. The analysis of such missions is the scope of a PhD project being carried out in the Physics of 
Small Bodies group in collaboration with the Dresden University of Technology. Three major aspects 
will be investigated: reconnaissance to obtain accurate data on the PHO (dynamics, size, etc.), space-
probe rendezvous to determine surface and internal composition, and finally the mitigation mission to 
deflect the object. 

Asteroid search programmes (G. Hahn) 
 
Since 1996 our institute has been involved in various programmes to perform dedicated searches for 
different classes of asteroids, in particular NEOs and Trojans. These activities include hardware 
development and construction (of CCD cameras and the corresponding electronics), in addition to 
software development for data acquisition and analysis. The observations are performed at different 
observatories, in cooperation with groups in France (OCA), Sweden (Uppsala Astronomical 
Observatory - UAO) and Italy (Padua and Asiago). 
 
ODAS – OCA-DLR Asteroid Survey 
Operated from 1996 until 1999, this project was primarily designed to test and develop observational 
strategies for NEO searches and data analysis and communication routines. It resulted in more than 
44000 automatically determined astrometric positions of more than 2200 asteroids and comets, the 
discovery of 5 NEOs and several Mars-crossers and other unusual minor planets, and the discovery of 
one new short-period comet. A detailed description of the methods and techniques used, as well as 
the results, can be found on the ODAS-WebPages at http://earn.dlr.de/odas 
 
UDAS – Uppsala-DLR Asteroid Survey 
This survey is currently operational at the Kvistaberg Station of the UAO, where the 1m Schmidt-
telescope has been equipped with a proto-type version of our new CCD camera Scam1 (see 
http://earn.dlr.de/scam1/ for details). Search and follow-up of NEOs is our main goal. During 2001 
UDAS discovered the Amor asteroid 2001 FX9. Up-to-date observing statistics and a detailed 
description of the programme can be found at http://earn.dlr.de/udas  
 
DANEOPS – DLR-Archenhold Near-Earth Object Precovery Survey 

This survey is operated as a co-operation between our 
institute and two amateur astronomer groups at the 
Archenhold Observatory in Berlin and the Starkenburg 
Observatory in Heppenheim. The main purpose of 
DANEOPS is to search digitised astronomical image 
archives for pre-discovery images of known NEOs. 
Currently we search more than 200,000 image logs using 
accurate fully-perturbed ephemeris predictions for orbits 
with line-of-variation (LOV) uncertainties within the 
predicted images. To date some  90 NEOs have been 
located on archived images, leading to significant 
improvements in the orbital parameters of these objects, 
most of them during their discovery apparition. Up-to-

date results and images can be found at http://earn.dlr.de/DANEOPS 

Fig. 13  Relative sizes of large Kuiper-Belt 
Objects. 
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Apart from NEOs the survey covers Mars-crossers and other objects in unusual orbits, as well as 
comets. During 2001 our team successfully located a series of pre-discovery images of the recently 
discovered Kuiper-Belt object 2001 KX76. These data resulted in an orbital arc of more than 18 years, 
allowing a very accurate determination of the orbit, and hence the object’s distance. This in turn 
permitted us to estimate the size of the object, making typical assumptions about its albedo. With a 
diameter between 1200 and 1400 km, 2001 KX76 is the largest known minor planet in our solar 
system, clearly exceeding the size of asteroid (1) Ceres. This precovery work forms part of the 
ASTROVIRTEL project sponsored by ESO-STScI and the EU. 
 
ADAS – Asiago-DLR Asteroid survey 
started in late 1999 with the installation of another model of our Scam1 CCD camera in the 60cm 
Schmidt-telescope at the Cima-Ekar station of the Asiago observatory. During 2001 a substantial 
upgrade of the telescope control system and electronics has led to an improvement of the 
programme, which is mainly dedicated to the search for the still hypothetical Inner-Earth-Objects, 
which can only be observed at small solar elongations. Details at 
http://planet.pd.astro.it/planets/adas/index.html 
 
UDTS – Uppsala-DLR Trojan Survey: 
UDTS is a cooperation between the UAO and our institute with the aim of to investigating the size and 
orbital properties of the Jupiter Trojan clouds. On the basis of photographic and CCD observations of 
the L4 cloud obtained during the oppositions of 1996 – 1998 with the 1-m ESO Schmidt telescope 
and the 60-cm Bochum telescope at La Silla, Chile, the number of Trojans can be estimated from the 
number of detections in fields covering between 600 and 1000 square degrees. Preliminary results, 
based on the 1996 data indicate that the number of L4 Trojans larger than10 km diameter is about 
1200, significantly less than previous studies suggest. 

Databases, astrometry and dynamical studies (G. Hahn) 
 
Physical properties and discovery circumstances of NEOs are available at 
http://earn.dlr.de/nea  - a constantly updated database of all known NEOs (as announced and 
published by the Minor Planet Center - MPC), providing a “home-page” for each asteroid. These 
pages contain the discovery circumstances, and all published data on each object’s physical properties, 
including references. A link to the NEODyS orbital database is provided. 
 
Databases are maintained of published orbits of all asteroids, as well as the astrometric positions on 
which the orbit solutions are based. Software developed to extract data for individual asteroids and 
comets, ephemeris programmes, and various statistics based on these data are available. The 
databases are constantly updated via the services of the MPC, to which we subscribe. 
 
Numerical integrations of 99 orbits centred on that of comet P/Scotti (P/2000 Y3), and of the nominal 
orbit, were made 4000 days backwards in time, and 73000 days into the future. The integrations 
show that this comet transferred into its present orbit as recently as 1998. The future orbital evolution 
indicates a stable period for almost 150 years, when another close encounter with Jupiter may lead to 
further drastic changes of the present orbit. It was found from numerical orbital integration studies 
that the newly discovered comet P/2001 R1 (LONEOS) is making a close approach (to within 0.014 AU) 
to Mars in January 2002. 
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2.3  Extrasolar planets 
 
Extrasolar Planets (H. Rauer, A. Erikson, T. C. Hinse, H. Voss)  
 
The detection and study of extrasolar planets has become an active research area in planetary and 
astronomical sciences over the past 6 years, since the detection of the first planets around a solar-type 
star in 1995. More than 76 planets around solar-type stars are known up to now. These include 
several planetary systems of two or more planets. The existence of massive gas planets in orbits close 
to their central star and the lack of planets around 10 Jupiter masses (the so-called ‘brown dwarf 

desert’) have raised fundamental questions 
concerning the validity of existing theories of 
planet formation. One of the most exciting 
open questions for the future is the possible 
existence of a second Earth-like planet in the 
near vicinity of our solar system. 
 
All planets detected to date are in the mass 
range of a few to several Jupiter masses. Lower 
mass planets are below the detection limit. Up 
to now, the only successful detection method is 
the measurement of the variation of radial 
velocities of the central star caused by the 
orbiting planet. The current detection limit is 
about 3 m/s and may be reduced to 1 m/s in 
the future. However, the radial velocity method 
will not be able to detect small, terrestrial 
planets. The method of photometric transits, 

however, will be able to detect small planets by the dimming of the light of the central star during 
transit of the planet through the line-of-sight. The dimming of the stellar light is proportional to the 
ratio of the planetary to the stellar diameter. For Jupiter-sized planets, the reduction of light level 
during transit is of the order of 1 %. Intensity variations of this order can be observed by relative 
photometry in ground-based observations. Indeed, the transit of the planet orbiting the star 
HD209458 (which had previously been detected by radial velocity measurements) was observed 
successfully in 2000 (Charbonneau et al., ApJ 529, L45). The detection of smaller planets, however, 
requires improved photometric accuracy, which can only be provided in space-based observations.   
 
The scientific goal of the study of extrasolar-planets is to explore the diversity of planetary systems and 
understand the processes of planet formation and evolution.  
 
Key questions are: 

- Do terrestrial (Earth-like) planets exist? 
- What is the frequency of planets (terrestrial and gas planets) and planetary systems? 
- What  are the sizes and orbital parameters of extrasolar planets? 
- What is the physical and chemical nature of these planets? 
- How do planets form? 
- How do planets and planetary systems evolve? 

 
Over the past few years we have established a programme of work in the field of extrasolar planets to 
contribute to answering these questions.  
 
The institute participates in space missions with the aim of detecting extrasolar planets by means of 
searching for photometric transits. DLR will develop the onboard instrument software of the COROT 
satellite (CNES), the first space mission to search for exoplanets (launch 2004). The institute is also 

Fig. 14  During transit of the planet through the line-
of-sight to the star, the stellar intensity drops by an 
amount proportional to the ratio of the planetary to 
stellar diameter. 
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participating in technical and scientific studies of ESA’s planned Eddington mission, which also aims to 
find Earth-like planets by detecting photometric transits. To search for close-in Jupiter-like gas giants 
and gain expertise on the method of photometric transit searching in order to support the related 
space missions, a ground-based planet search program has been set-up using a small wide-angle 
telescope (‘Berlin Exoplanet Search Telescope’). In addition, participation in the reduction and analysis 
of the photometric data obtained by the German space mission DIVA (an astrometric survey of the 
sky, launch 2004) will provide access to further data to confirm and search for photometric transits 
and obtain information on the central star. 
 
Adding to the activities aimed at the detection of terrestrial planets by space missions and improving 
the statistics of large giant planets by ground-based observations, studies of the dynamical evolution 
and stability of planetary systems have been started. The various activities are described in more detail 
in the following sections. 
 
Berlin Exoplanet Search Telescope (BEST) – a ground based detection system (H.Rauer, A. 
Erikson, H. Voss) 

 
Several search projects have confirmed the existence of 
about 80 extrasolar gas giant planets. In order to better 
understand the general formation mechanisms for such 
planetary systems, a larger sample of known extrasolar 
planets is needed. This goal can be achieved by a variety of 
different observational techniques. An efficient method is 
photometric observation of a large number of stars to 
detect transit events (i.e. a planet passing in front of a star) 
from which general characteristics of exoplanets can be 
determined. 
  
The Berlin Exoplanet Search Telescope (BEST) is a simple 
but robust ground-based system designed to search for 
transit events. The system consists of a 20-cm flat-field 
camera equipped with a CCD with 2048x2048 pixels. The 
field of view is around 3.3°, thereby allowing a large 
number of stars to be observed simultaneously. The system 
is operated as a ground-based support and test facility in 
the framework of our scientific participation in the COROT 
satellite mission. Due to the similarities in the field of view 
as well as acquisition and data analysing sequences, BEST is 

well suited to play a vital role in the COROT project.  
 
After a short test phase in the late spring, the system was transferred to the Thüringer 
Landessternwarte Tautenburg (TLS) for observations on a regular basis in July 2001. Two star-rich 
fields (each with more than 20000 stars detectable by BEST) near the Galactic plane have been 
observed whenever the weather conditions have permitted (37 out of 140 possible nights). In 
addition, observations of the only previously photometrically confirmed exoplanet (around the star 
HD209458) were carried out during two nights in July and August (Figs. 16). These observations 
proved the ability of BEST to detect exoplanetary transits at the required accuracy level. In parallel with 
the observations a gradual improvement of the system and the acquisition routines has taken place. 
This also includes the construction of a data reduction pipeline, able to detect possible transits in 
thousands of stellar systems in near real time. At the end of  2001 BEST is in a fully operational state, 
allowing extensive observational duty-cycles to be performed and thereby maximizing the probability 
of detecting transit events. During 2002 we expect to relocate BEST to an observational site with more 
suitable metrological conditions and access to the star-rich regions of the southern hemisphere. 

Fig. 15  BEST telescope at the Thüringer 
Landessternwarte Tautenburg.  
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Dynamical characteristics and orbit stability of extrasolar planetary systems (T. C. Hinse1, A. 
Erikson, H. Rauer) 
 
The discovery of Extrasolar Planetary Systems (EPS) and their diverse structure has raised questions 
about the general applicability of the existing formation scenarios for the Solar  System on other stellar 
systems. Basic orbital properties (semi-major axis a, eccentricity e, projected planetary mass mpl sin i , 
where i is the angle between the line of sight and the normal vector of the planetary orbit, and orbital 
period T) are only known for a limited number of EPS but some are quite different from the Solar 
System, with Jupiter-sized planets in close and eccentric orbits around the central star. Such systems 
indicate a different evolutionary history compared to the Solar System. In September 2001, we started 
to study the time evolution of extrasolar planetary orbits. Recent improvements in computer speed 
and computational algorithms, enables one to perform n-body numerical simulations of EPSs over a 
substantial part of the systems lifetime. Analysing the simulations gives valuable insight into the 
complex nature of planetary system evolutionary mechanisms. For this purpose, a general n-body 
mixed-variable symplectic (MVS) integration package, Mercury 6.0, is used. This integrator numerically 
solves the equations of motion of a given planetary system, assuming the planets to be point-masses 
and includes all Newtonian gravitational potentials. 
 
In Figure 17, we show the results of a test integration of the known EPS ? -Andromeda. Observed 
radial velocity measurements suggest that this bright F8 V star harbours 3 planets with orbital periods 
of 4.6d, 242d and 1269d, semi-major axes of 0.059 AU, 0.83 AU and 2.5 AU and projected 
(minimum) masses of mb sin i = 0.71 MJupiter, mc sin i= 1.98 MJupiter and md sin i = 4.11 MJupiter, respectively, 
for the inner, middle and outer planets. Comparing these results with previous integrations (Stepinski, 
T.F., ApJ  2000, vol .545,1044) confirms the characteristic dynamical orbit evolution of the three 
planetary companions in ? -Andromeda. Detailed analysis of this kind of system remains a task for the 
future. Furthermore, general investigations of n-body planet simulation will be used to : 

Fig. 16  Detection of  planetary transits around the star HD209458 with the BEST telescope operating at 
TLS Tautenburg.  
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-- Improve observed orbital elements by constraining stable regions in the orbital element space 
-- Investigate the nature and influence of orbital resonance phenomena among EPS 
-- Compare model planetary systems with observations. In particular, the analysis of synthetic 

          radial velocity curves induced by planets in orbital resonances.  

 
 

Fig. 17  Orbital evolution of the three companions, b (blue), c (yellow) and d (red). In this integration, 
initial coplanar and edge-on orbits of all three companions are assumed. The top-left panel shows the 
orbit eccentricity over a time period of 105 years. The top-right panel shows the radial distance from the 
central star. The lower-left panel shows the orbit inclination with respect to the Mercury 6 (x,y)-plane 
and the lower-right one the orbital semi major axes (a) and periastron- (q) and apoastron- (Q) distances. 

1T. C. Hinse is a guest student from the Copenhagen Astronomical Observatory (CAO), Copenhagen 
University, Denmark. Part of this work, carried out at the DLR, will be presented as a master thesis in 
astrophysics at (CAO) overseen by Prof. O. Einicke (CAO) under the supervision of H. Rauer, A. Erikson 
(DLR) and R. Michelsen (CAO).  
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33. Space missions 
 
3.1 Rosetta 
 
ROLIS – camera experiment for the ROSETTA-Mission 
(S. Mottola, H.Michaelis) 
 
The ROLIS experiment (PI  Stefano Mottola) is part of the 
payload on the Rosetta International Lander. The 
instrument consists of a highly integrated and lightweight 
CCD imager with a dual capability. Firstly, during the 
descent phase of the lander just before touch-down, the 
imager will acquire a sequence of panchromatic pictures 
of the landing site. These images, which will have a spatial 
resolution of the order of a few millimetres, will give 
context to the measurements performed in-situ by the 
lander payload. Secondly, after landing, the camera will be 
focused to a close-up distance of 30 cm, from which it will 
be possible to image regions below the lander with a 
spatial resolution of a few tenths of millimetres. Furthermore, an autonomous, trichroic illumination 
system will enable colour images to be acquired. Coupled with the rotation capabilities provided by 
the main compartment of the Lander, ROLIS will be able to acquire colour images of the areas from 
which samples will be collected and analysed by the other Lander instruments. 
 
During the year 2001 the Rolis Project has passed a number of fundamental milestones. The 
engineering models of the camera head and of the digital electronics unit have undergone and 
withstood a complete series of environmental tests carried out in our labs. These tests have 
demonstrated the suitability of the instrument for space flight. In parallel, the instrument software has 
been finalized, resulting in a flexible and reliable control program that exploits the whole functionality 
of the instrument. 
 
The flight models of the camera head and of the digital electronics have been built, integrated and 
tested. The photometric properties of the instrument have been characterized during a calibration 
campaign. Finally, the instrument has been delivered to the Lander Payload Team for integration in the 
Lander and in the Rosetta spacecraft.  
 
MUPUS-TM – An IR-Radiometer for the ROSETTA-Lander (J. Knollenberg, E. Kührt) 

 
MUPUS-TM is another experiment onboard the ROSETTA 
cometary lander, a subunit of the MUPUS suite of instruments 
(P.I. is T. Spohn, University of Münster, E. Kührt, J. Knollenberg, 
and J. Benkhoff are CoIs), which is dedicated to the measurement 
of physical properties of the near surface layers (down to a depth 
of about 0.5 m) of the target comet P/Wirtanen. It consists of a 
small sensor head equipped with thermopile-IR detectors and a 
front-end electronics unit (FEE), which is mounted by means of a 
thermally insulating clamp to the structure of the Rosetta Lander. 
In the MUPUS framework the main task of TM is to measure the 
surface temperature at the landing site as a function of local time 
and perihelion distance of the comet, and to derive 
thermophysical properties of the surface. Secondary scientific 
goals are the determination of the surface emittance in selected 
wavelength bands and the provision of "ground truth" for 

Fig. 19  The Flight Model of MUPUS-TM 
integrated on the balcony of the Rosetta Lander. 

Fig. 18  The Flight Model of ROLIS. 
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remote sensing experiments on the Rosetta Orbiter. These goals are achieved by measuring the 
emitted radiation in four filter passbands, covering the wavelength region from 5 µm to 25 µm, with 
thermopile detectors. In order to minimize the influence of the electromagnetic environment on the 
measured signals, the small voltages generated by the thermopiles  are pre-amplified by the FEE in the 
sensor head prior to analogue transmission to the A/D-converter (ADC) inside the Lander. 
 
During 2001 the MUPUS hardware was 
completed. The modified IR-sensors for the 
Flight Model 2 (FM-2) of the MUPUS-TM  
sensor head were manufactured and tested in 
Jan./Febr. 2001. Compared to FM-1 better 
stray light rejection is achieved by means of 
additional internal aperture stops. The FM-2 
was built and functionally tested between 
March and June 2001, including joint 
functional tests with our partners in the 
MUPUS team from SRC Warsaw and IfP 
Münster.  At the end of June, FM-1 was 
delivered to the project and integrated to the 
Rosetta Lander. The test programme of FM-2 
was continued in July with the vibration and 
thermal vacuum acceptance tests at the unit 
level, followed by the geometric calibration. In September, the radiometric calibration was conducted 
in the large Space Simulator of our institute, with its unique low-temperature blackbody facility. 
Relevant blackbody temperatures between 120 K and 270 K were covered, together with operational 
temperatures between -110°C and –40°C. Because of it’s superior performance, it was then decided 
to fly the FM-2 instead of the FM-1 on the Rosetta mission. In October, the FM-2 was delivered to the 
Rosetta Lander project and  exchanged with the FM-1, which is now used as a flight spare model. 
Finally, the MUPUS-TM sensor head successfully passed the acceptance test program of the integrated 
Rosetta Lander. Meanwhile, the Rosetta Lander has been delivered to ESTEC for the final joint tests to 
be performed together with the Rosetta Orbiter, which are foreseen for Jan./Febr. 2002. If all goes 
well, the MUPUS-TM will leave our planet in Jan. 2003 together with the Rosetta spacecraft, launched 
by an Ariane-5 rocket from ESA’s space port Kourou; after a long journey of 8 years through 
interplanetary space, it will finally land on comet P/Wirtanen’s surface in 2011.         
 
3.2 COROT (H. Rauer, H. Voss, A. Erikson, E. Peter, B. Pforte, G. Peter and the COROTLOG s/w 
team) 
 
Space missions are expected to lead to a breakthrough in the search for exoplanets via photometric 
transits. Without disturbances of the Earth’s atmosphere, continuous observations of a target field 
should increase the number of detected planets substantially. Most important, however, it will be 
possible to detect small, terrestrial planets. 
 
The first satellite mission designed to search for extrasolar planets is the French COROT mission. 
COROT stands for ‘COnvection, ROtation and planetary Transits’. The mission is led by CNES (Centre 
National d’Etudes Spatiales) with large European participation (A, B, D, E, I, ESA). PI of the science 
instrument is Dr. Annie Baglin of the Observatoire de Paris-Meudon, France.  
 
The satellite uses highly accurate photometry in the optical range to achieve two scientific goals: 
search for extrasolar planets and measure the pulsation of stars (astroseismology) to study their 
interior. The instrument consists of an afocal telescope and a CCD camera. The prime telescope mirror 
size is 27 cm and provides a field-of-view of 2.8x2.8 degree. The focal plane of the camera is split into 
two CCD’s (each 2048x2048 pixels) for planet search and two for asteroseismology. In the 

Fig. 20 MUPUS-TM prepared for calibration in the 
Space Simulation Chamber. 
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asteroseismology channel, defocused stellar images allow highly accurate photometry of a few bright 
stars (6-9 mag). For planet searching, images are focussed, but a prism in the beam produces a low-
dispersion spectrum of each star. The resulting colour information aids in separating planetary transits 
from stellar variability. About 30000-60000 stars will be monitored during the mission. 
 
As a result of its high photometric accuracy and duty-cycle, COROT will discover Neptune- and 
Uranus-like planets. Furthermore, COROT will be able to detect large terrestrial planets (down to 
about 2 Earth radii) on close-in stellar orbits. These will probably be the first terrestrial planets detected 
outside our solar system. In addition, the mission will discover many Jupiter-sized planets and 
significantly increase our statistics on this type of planet. 

Following first contacts with the COROT project last year, a collaboration between the DLR and 
CNES on this space mission was established. A project ‘COROT contribution’ has been created at 
DLR (programme project leader: M. Gaida; DLR-Berlin project leader: H. Rauer). Co-Investigators at 
other German institutes are Prof. A. Hatzes (Thüringer Landessternwarte Tautenburg), Dr. M. 
Pätzold (Univ. of Cologne) and Dr. G. Wuchterl (MPE). 
 
DLR-Berlin will make scientific and technical contributions to the COROT mission. Scientific 
contributions include the set-up of a ground-based transit search program (‘Berlin Exoplanet Search 
Telescope’), calculations of the dynamical development of planetary systems and potential follow-up 
observations. The technical contribution includes the development of the on-board software of the 
instrument, based on the user requirements provided by the COROT project team. Examples of the 
functionality included in the software are: managing the start-up procedure, in-flight maintenance of 
software by TC/TM, overall control of instrument modes, science data handling, error/event handling. 
In addition, a data processing board for the COROT CCD test bench at the Observatoire de Paris-
Meudon, France, will be developed. Work on all contributions started in 2001.  
 

Fig. 21  The COROT instrument: the telescope diameter is 27 cm in diameter and provides a FOV of 
2.8x2.8 degree. The CCD camera consists of 4 CCD’s of 2048x2048 pixels each. The satellite will 
provide highly accurate photometry of stars in the optical wavelengths range. The observational goals 
are the detection of extrasolar planets and asteroseismology.  Large terrestrial planets on close orbits 
to their star will be detec ted. COROT will be launched at the end of 2004. 
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3.3 Eddington (H. Rauer, H. Michaelis) 
 
Finding an Earth-like planet (a planet with 1 Earth 
radius at 1 AU from its central star) requires high 
photometric accuracy and long continuous 
monitoring of a target field. The photometric 
accuracy required to detect the dimming of the 
light of the central stars is about 0.01 %. The 
planned Eddington-mission of the European Space 
Agency is aimed at detecting Earth-like planets by 
means of searching for photometric transits. In 
addition, like the French COROT satellite, 
Eddington will study asteroseismology of stars. 
However, in contrast to COROT, the scientific 
goals will be accomplished one after the other, not 
in parallel.  
 
The current design, based on the results of an 
assessment study, calls for a 1.2 m telescope equipped 
with a CCD camera with a mosaic of 20 CCD’s in the 
focal plane. The resulting field-of-view will be 3 
degrees. The satellite will be launched in an orbit 
around the L2 Lagrange point. It will observe a target 
field for 3 consecutive years to search for Earth-like 
planets.  
 
Eddington has been selected as ‘reserve mission’ in the call for F2-missions in ESA’s flexi mission 
program in autumn 2001. If funding becomes available in the future, launch is foreseen around 
2007/2008. Several studies have been started to investigate the detailed mission design. DLR-Berlin is 
participating in the study of the focal plane of the CCD camera (EddiCam, PI: A. Gimenez, Spain). In 
addition, we will participate in investigations of the Science Data Centre (PI: D. Queloz, Switzerland), 
including ground-based observational support prior to and during the mission scientific analysis. Both 
studies commenced in the autumn of 2001. 
 
3.4 Ground based support for the Deep Space 1 mission (H. Rauer, J. Helbert, S. Mottola) 
 
The successful encounter of Deep Space 1 with comet 19P/Borrelly on September 
22nd marked a milestone for cometary science. After the encounter of the ESA 
spacecraft Giotto with comet Halley in 1986, this was only the second time that 

direct images of the nucleus of a 
comet have been obtained. 
 
The spacecraft passed the nucleus of Borrelly at a 
distance of about 2200km and snapped a total of 
about 50 images during the final encounter phase.  
The nucleus is about 8km long and 4 km wide. This is 
in good agreement with the predictions made from 
ground-based observations. The resolution of this 
image is approx. 45m per pixel. This resolution allowed 
details of the surface morphology to be determined 
that are much finer than those in the images of comet 
Halley made by Giotto. Interesting is the fact that the 
surface albedo varies by nearly a factor of two, from 

Fig. 22   Schematic drawing of the Eddington 
satellite. In its current design, the satellite will consist 
of a 1.2m telescope and a CCD camera providing a 
field-of-view of 3 degrees. Eddington is planned to 
search for Earth-like planets and perform 
asteroseismologic studies. It has been selected as 
‘reserve mission’ for ESA’s F2 flexi mission program. 

Fig. 23  Final image of Borrelly obtained at a 
distance of 3417 km. 
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the bright and smooth area in the middle of the nucleus to the dark 
spots at the narrow end.  The average albedo is about 3%, which is 
close to the albedo of 4% determined for comet Halley from the 
images of Giotto. The Deep Space 1 images will allow a digital 
surface model for the nucleus to be constructed. This is very 
important for understanding the processes on the surface, especially 
the formation of a highly collimated jet, visible in far encounter 
images and from the ground. 
 
Support by ground based observations was important for the 
preparation of this encounter. We observed comet Borrelly already 
in  June 1999 and again in September 2000. From these 
observations a mean nucleus size of 5km and a rotation period of 
25h was determined, which was confirmed by the data of the DS1 
encounter. 
 

At the time of the encounter the comet was observed at the 
Observatory Hoher List in collaboration with astronomers of the 
Universities of Bochum and Bonn. The image on the right is an 
observation of comet Borrelly, obtained only 3h after the 
encounter. The little inset on the left is an enlargement of the 
inner coma.  
 
Clearly visible is a jet, which can be traced back to the inner 
coma area in the Deep Space 1 images and possibly even down 
to bright and smooth areas on the surface of the nucleus. The jet 
is roughly aligned with the comet-sun line.  
 
Combining the observations from the ground with an analysis of 
the inner coma and the nucleus surface will provide many new 
insights into the physics of comets. The interpretation of this 
information will continue for the next few years. 
 
3.5  DIVA – a German small satellite mission (H.Rauer, A. 
Erikson) 
 

The German small satellite mission DIVA, planned for 
launch in 2004, is designed for accurate measurements of 
astronometric positions, proper motions and parallaxes, 
photometric magnitudes and colors of about 35 million 
stars. Although the mission is not designed to search for 
extrasolar planets, the telescope scans the whole sky and 
every star is observed between 50 and100 times. 
Photometric transits of extrasolar planets can therefore be 
observed and these observations can be used to confirm 
ground-based detections of planetary transits. Furthermore, 
DIVA will provide candidates for planetary transits, which 
can be investigated in ground-based follow-up 
observations.  
 
Although DIVA has not been finally selected yet, industrial 
studies and work on the extensive data reduction pipeline 

has started. 

Fig. 25  Comet Borrelly observered at 
Hoher List on Sept, 23, 03:50UTC. 

Fig.  24  Image of the inner 
coma of Borrelly made by  DS1 at 
a distance of 80000 km. 

Fig. 26 The German small satellite DIVA, 
planned for launch in 2004. 
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H. Rauer is CO-I of the DIVA team and responsible for the working package “variable stars” within the 
DIVA data pipeline. The task is closely related to the general calibration of the acquired photometric 
data and covers the following topics: 
  
-- Determine a set of non-variable stars to be used to control the long-term stability and define a 
    reference frame for the retrieved photometric magnitudes. 
-- Determine the mean brightness and significant deviations for each star as an indication of stellar  
    variability.  
-- Compare the obtained photometry and possible stellar variability with external catalogues (e.g. data 
    from the HIPPARCOS space mission) and/or follow-up observations. 
    Perform a period search and variable classification of potential variable stars. 
 
During the second half of the year possible methods for the task, based on existing experience from 
the HIPPARCOS space mission and large ground-based surveys, were studied. The next step will be the 
implementation of these methods into the DIVA data pipeline. 
 
3.6  DAWN (S. Mottola, R. Jaumann) 
 
Dawn is a NASA  Discovery mission to orbit Vesta and Ceres and is scheduled for launch in 2006.  The 
mission uses solar-powered ion engines to deliver the spacecraft to Vesta, to descend to the high-
resolution mapping orbit, to leave Vesta and fly to Ceres. The spacecraft carries a framing camera, a 
mapping spectrometer, a gamma ray/neutron spectrometer, a laser altimeter and a magnetometer. 
Dawn's goal is to achieve an understanding of the conditions and processes prevailing at the solar 
system's earliest epoch. Dawn will investigate the internal structure, density and homogeneity of these 
two complementary protoplanets by measuring their mass, shape, volume and spin state. It will record 
their remnant magnetization, elemental and mineral composition and provides a context for the 
meteorites that have come from these bodies. Dawn will determine their bombardment and tectonic 
history and will use gravity, spin-state and magnetic data to limit the size of any metallic core, and 
infrared and gamma ray spectrometry to search for water-bearing minerals. 
 
DLR will contribute to Dawn by providing the framing cameras and by realizing the mechanical and 
thermal adaptation of the mapping spectrometer, which was developed for the Rosetta mission by the 
Italian IAS. During 2001 our institute carried out a phase-A study for these two instruments, together 
with its industrial partner Astrium, assessing their technical feasibility. Furthermore, DLR has 
participated in the proposal and final presentations to NASA that led to the selection of Dawn among 
a pool of 27 other mission candidates.  

Fig. 27  Payload and subsystems of DAWN. 
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3.7 BepiColombo (S. Mottola, G. Hahn, E. Kührt, J. Knollenberg) 
 

BepiColombo is the ESA Cornerstone mission to 
Mercury consisting of three modules including an 
orbiter and a lander.  
In the mission design phase it was realized that a 
spacecraft orbiting this planet would represent an 
ideal platform from which asteroids and comets 
residing in the inner regions of the Solar System 
could be more easily detected than from Earth-
based, or Earth-orbiting stations. For this reason we 
proposed a concept in which a small  (20-cm) 
telescope -dubbed NET for Near-Earth objects 
Telescope- exploits the orbital motion of the 
spacecraft to scan a large area of the inner Solar 
System for moving objects. According to the 
simulations, such an instrument would detect 
about 800 such objects during the 400 day lifetime 
of the mission. This sample would achieve 80% 
completeness for  the Aphoele and Aten 

populations (objects whose orbits reside partly or completely within that of the Earth) down to a size 
of 1 km. Most of these objects, which constitute an impact risk for the Earth, remain mostly 
inaccessible to ground-based surveys. During 2001 DLR-Berlin has participated in the ESA Science 
Advisory Group activities for the definition of the BepiColombo mission and carried out a concept 
study for the NET instrument.   
 
A further activity resulted in a proposal for an infrared radiometer (acronym IRA) for the surface 
element of BepiColombo. IRA is based on a similar development to that for the MUPUS experiment 
onboard the Rosetta Lander. Starting from model calculations for the temperature the IRA sensor head 
was tailored to the conditions at the landing site on Mercury. IRA is part of the HP3 (Heat Flow and 
Physical Properties Probe, P.I: T. Spohn) instrument package. The sensor head consists of 4 infrared 
channels based on thermopile detectors which measure the emitted radiation in the wavelength range 
5-25 µm, front-end-electronics with preamplifiers and a temperature stabilisation circuit, and an in-
flight calibration unit. The mass of the sensor head is about 80 g; it‘s measurement temperature range 
is 100-700 K and the operational temperature range is –150°C to +125°C.  
 
 
4. Technology projects 
 
4.1  The Autonomous Forest Fire 
Recognition System AWFS (E. Kührt, J. 
Knollenberg, V. Mertens, M. Prescher) 
 
Every year fires produce damage totalling 
some ten million Euro in Germany and 
several billion Euro in Europe. About ten 
years ago engineers and scientists at DLR 
started to design systems for forest fire 
detection from space and the ground. The 
ground-based AWFS has been under 
development since 1998, in collaboration 
with foresters, and two companies. The 
project was supported by the European 

Fig. 28  BepiColombo Mercury Planetary Orbiter 
on the cruise module. 

Fig. 29  Fire experiment in August 2001 near Cottbus. 
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Union and by DLR-TI.  
 
The aim of AWFS is to detect 
smoke clouds arising from forest 
fires up to a distance of 10 km 
within 10 minutes. In 2001 this 
technology project has been 
successfully transferred to 
practical application in Germany.  
 
The complex system consists of 
advanced hardware and 
sophisticated image processing 
software on the basis of IDL 
(Interactive Data Language) from 
CREASO. The camera with 

1024x1024 pixels was originally developed for space applications. A special filter is used to enhance 
the contrast between smoke and trees. The camera is positioned on a rotating platform on the top of 
a tower and delivers images with high radiometric resolution (14 bit) via a fibre-optic link to the frame 
grabber of the computer unit (two connected PCs) at the foot of the tower. One PC performs the on-
line image processing of the digital images where different algorithms analyse image sequences to 
identify smoke plume patterns via their dynamical and structural properties. The second PC controls 
the whole system, including the rotating platform and the camera, and manages the database. In case 
of fire detection it organises the real-time transmission of important data as compressed images and 
additional information (time, coordinates of the fire) via an ISDN line to a central office where they are 
displayed on a local map. An operator who can monitor several AWF systems simultaneously can then 
take appropriate action.  On the test site in Brandenburg on about 1000 km2 all 37 test fires were 
detected in time. 
 
Two German Bundesländer (Brandenburg and Mecklenburg-Vorpommern)  started a public invitation 
to tender for introducing AWFS in their forests. Several German companies have expressed a strong 
interest in producing the system and in its international commercialisation. 
 
The institute's experience in the development of camera systems for space missions and in planetary 
image processing is of great benefit to this project. E. Kührt leads the project. J. Knollenberg with V. 
Mertens developed basic software and T. Behnke is the hardware specialist.  
 
4.2 Telescope-Cameras  (S. Mottola, E. Braatz) 
 
SCAM1 is a CCD camera system designed for ground-based 
astronomical observations. It has been designed, developed 
and built at DLR during the past 5 years. Its major feature 
consists in its ability to operate in drift-scan mode, thus 
allowing its application in ground-based asteroid surveys. 
This feature, which is not found on any commercial system 
on the market, is supported by the camera hardware and 
software to a high degree of automatization.  
 
Scam1 systems are now operational at three major European 
observatories (Asiago, Italy; Torino, Italy; Kvistaberg, 
Sweden). During 2001 two additional SCAM1 systems have 
been assembled and tested. 
 

Fig. 30  Fire detected by AWFS from the tower near Kathlow. 

Fig. 31  The SCAM1 camera system. 
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G. Hahn 
-- Consultant for articles on near-Earth asteroids in “Geo”, November issue, and Süddeutsche Zeitung, 
    November 27. 
-- Interviewed on SWR2 radio programme “Wissen”, December 12. 
 
A. W. Harris 
-- Appearance on “MDR Aktuell” TV news, (NEAR/Eros), February 13. 
-- Lecture to students of the Otto-Nagel-Oberschule on asteroids and comets, Oct. 25. 
-- Consultant for articles on near-Earth asteroids in “Geo”, November issue, and Süddeutsche Zeitung, 
    November 27. 
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E. Kührt 
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-- MDR-TV-viewer prize in “Einfach genial”, Jan. 2. 
 
H. Rauer 
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    und Technik’, Univ. Potsdam, July 2001. 
-- Talk and participation in panel discussion on  ‘COROT and the search for extrasolar planets’, Sept.  
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-- Radio interviews on ‘Extra-solar planets’:  Freies Radio Erfurt, Nord-West-Radio. 
 
 
4. Observing campaigns in 2001 
 
Date  Telescope Target 
20-26 Jan. VLT/UT1, ESO Comet Hale-Bopp 
30 Mar. UKIRT* Near-Earth asteroid 5587 
13-20 Mar. 1.23 m Calar Alto Cybele, Hungarians, NEOs 
7-8 Apr. ESO 3.6-m + Danish 1.5-m 3 NEAs, 1 MBA 
4-10 May Jacobus Kapteyn* Light curves of Keck targets 
9-11 May Keck 1* 7 NEAs 
17-18 May UKIRT 2 NEAs, 1 MBA 
17-24 May 1.23 m Calar Alto Hungarians 
11-18 June 1.5 m Calar Alto  NEOs 
4-13 July VLT/UT1+NTT, ESO Comet C/2001 A2 LINEAR 
8-12 Aug. 1.5 m Calar Alto Hungarians 
23 Sept. Hoher List Comet 19P/Borrelly 
8-13 Oct. 1.5 m Calar Alto  Hungarians 
8-11 Nov.  1.23 m Calar Alto Hungarians 
1-3 Dec. ESO 3.6-m + Danish 1.5-m NEA 1998 WT24 + others 
14-20 Dec IRTF* 1998 WT24 
*UKIRT is the 3.8-m UK Infrared Telescope on Mauna Kea, Hawaii 
  The Keck 1 is a 10-m telescope on Mauna Kea 
  The Jacobus Kapteyn Telescope is a 1.0-m telescope on La Palma 
  The IRTF is the 3.0-m NASA Infrared Telescope on Mauna Kea, Hawaii 
 
 
Number of observing nights with BEST (Berlin Exoplanet Search Telescope) at the Thüringer 
Landessternwarte Tautenburg 
  
 
Month May July Aug. Sept. Oct. Nov. Dec. Total 
Nights 7 30 25 23 22 18 15 140 
 
 
 
5. Space Mission responsibilities 
 
A. W. Harris 
-- Team member DS1 
-- Co-investigator Spaceguard-1. A Space-based Observatory for NEO Physical Characterization and  
    Discovery (proposal to ESA for an F2-F3 Flexi-Mission). 
 
J. Knollenberg 
-- Team member MUPUS 
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-- Associated Scientist ROSETTA-Experiment OSIRIS 
-- Team member DS1 
-- Co-Investigator NETLANDER-SPICE 
 
E. Kührt 
-- Co-Investigator ROSETTA-experiments OSIRIS, RPC and MUPUS 
-- Team member DS1 
-- Co-Investigator FOCUS (International Space Station) 
-- Co-Investigator NETLANDER-SPICE 
 
U. Motschmann 
-- Co-Investigator ROSETTA-experiment RPC 
-- Co-Investigator CLUSTER II 
-- Team member DS1 
-- Team member MARS EXPRESS 
 
S. Mottola 
-- PI of the Rolis experiment on the ESA Rosetta Mission 
-- Co-I of the VIRTIS experiment on the ESA Rosetta Mission 
-- Member of the ESA Science Advisory Group for the BepiColombo mission 
-- Co-I of the NASA Dawn mission 

H. Rauer 
-- Project leader of DLR-WP contribution and foreseen CoI and member of the science council of the 
    COROT mission (CNES) 
-- CoI of ROSETTA-experiment MIRO 
-- Associated scientist of ROSETTA-experiment OSIRIS 
-- CoI DIVA 
-- Member of study teams of Eddington-mission (EddiCam, Edington SDC) 
-- Team member DS1 
 
 
6. External scientific collaborators 
 
C. Arpigny, J. Manfroid, Institute d'Astrophysique, Liége, Belgium 
C. Barbieri, Uni of Radue, Italy 
I. N. Belskaya, Yu. N. Krugly, AO, Kharkov 
R. P. Binzel, MIT, USA 
H. Böhnhardt, O. Hainaut, ESO, La Silla, Chile 
A. Boattini, G. D’Abramo, G. B. Valsecchi, I.A.S. Planetologia, CNR, Rome, Italy 
D. Boice, Southwest Research Institute, USA 
S. J. Bus, IRTF, Hawaii 
A. C. Cameron, St. Andrews University, UK 
F. Colas, Bureau des Longitudes, Paris, France  
G. Cremonese, Univ. Padova, Italy 
J. Crovisier, D. Bockelée-Morvan, J. Schneider, A. Coustenis, Observ. de Paris-Meudon, France 
J. K. Davies, ATC, Royal Observatory, Edinburgh, UK 
A. Doppler, Archenhold Sternwarte, Berlin, Germany 
M. Di Martino, Osservatorio Astronomico di Torino, Italy 
K.-H. Glaßmeier, TU Braunschweig, Germany 
A. Gnädig, Archenhold Sternwarte, Berlin, Germany 
H.-J. Goetze, S. Schmidt, J. Ebbing, FU Berlin, Germany 
S. F. Green, Open University, UK 
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A. W. Harris, JPL, USA 
A. Hatzes, J. Eisloeffel, Thüringer Landessternwarte Tautenburg, Germany 
W.F. Huebner, South West Research Institute, San Antonio, Texas  
B. Ivanov, Inst. for the Dynamics of Geospheres, Moscow, Russia 
H. U. Keller, MPAE, Katlenburg-Lindau, Germany 
C.-I. Lagerkvist, E. Skoglöv, AO, Uppsala 
F. Lahulla, OAN, Madrid 
L. M. Lehtinen, University of Helsinki, Finland 
T. Michalowski, AO, Poznan 
T. Müller, ESA, Villafranca 
A. Nathues, MPIA, Lindau 
L. Pesonen, University of Helsinki, Finland 
J. Piironen, AO, Helsinki 
J. Plado, Tartu University, Estonia 
P. Pravec, Ondrejov Observatory, Czech Republic  
E. Sedlmayr, Technische Universität Berlin, Germany 
T. Spohn and K. Seiferlin, University of Münster, Münster, Germany 
R. Stoss, Starkenburg Sternwarte, Heppenheim, Germany 
E. Tedesco, TerraSystems, New Hampshire, USA 
The European Hale-Bopp Team 
The Extra-solar Planet Observational Research Team (EXPORT) 
 
 
7. External industrial and public collaborators (on contract) 
 
Amt für Forstwirtschaft Peitz 
ASTRO Feinmechanik GmbH, Berlin 
INO Control Prozessleitsysteme GmbH, Possendorf 
IQ wireless GmbH, Berlin 
Max-Planck-Institut für Extraterrestrische Physik, Garching 
Münchener Rückversicherungs-Gesellschaft 
Siemens AG, Berlin 
 
 
8. Other events and activities 
 
M. Delbo 
-- Lecturer at the International School of Space Chemistry, “The physical properties of potential Earth 
    impactors: know your enemy”, 17-21 June, Erice, Italy. 
 
G. Hahn 
-- Chairman of the Scientific Organizing Committee and Member of the Local Organizing Committee 
    for the conference “Asteroids, Comets, Meteors 2002”, to be held in Berlin, 29 July – 2 August, 
    2002 
 
A. W. Harris 
-- Member of the organizing committee of Commission 15, “Physical Studies of Asteroids and 
    Comets”, of the International Astronomical Union. 
-- Member of a committee established by ESA to review proposals for space-based studies of near 
    -Earth objects.  
-- Member of the Local Organizing Committee for the conference “Asteroids, Comets, Meteors 
    2002”, to be held in Berlin, 29 July – 2 August, 2002. 
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J. Helbert 
-- 6 months stay at SwRI, San Antonio, Texas, USA (Aug. 2000 – Feb. 2001) 
 
E. Kührt 
-- Member of the Scientific Organizing Committee for the conference “Asteroids, Comets, Meteors 
    2002”, to be held in Berlin, 29 July – 2 August, 2002. 
-- Invited talks at 

Ministry of Agriculture SA, Dessau, July 27 
Workshop “Remote Sensing and GIS”, Paris, May 18 

 

H. Rauer 
-- Member of the Local Organizing Committee for the conference “Asteroids, Comets, Meteors 
    2002”, to be held in Berlin, 29 July – 2 August, 2002. 
-- Invited talks at 

Institut für Geophysik und Meteorologie, Univ. zu Köln 
Sternwarte der Univ. Göttingen 
Institut für Weltraumsensorik und Planetenerkundung, DLR-WP 

-- Convenor of session on extrasolar planets at the General Assembly of the European Geophysical 
    Society, Nice 2001 
-- Secretary for extrasolar planets of the European Geophysical Society 
-- Lectures at the TU Berlin:  

Astronomische Beobachtungsmethoden 
Kometen 

-- Asteroid 1980 FO1, discovered 1980, March 16 by C.-I. Lagerkvist, has been named ‘(10025) 
    Rauer’, after H. Rauer for her observational work on cometary comae 
 
U. Motschmann 
-- Dean of the Faculty of Physics, TU Braunschweig, since April 1, 2001 
-- Executive Director of the Institute for Theoretical Physics, TU Braunschweig 
-- Lectures at the TU Braunschweig „Classical Mechanics“ 
 
S. Werner 
 
-- Member of the Local Organizing Committee for the conference “Asteroids, Comets, Meteors 
    2002”, to be held in Berlin, 29 July – 2 August, 2002 
 
In 2001 Section members presented or co-authored more than 20 papers at conferences such as the 
64th Annual Meteoritical Society Meeting in Vatican City, the European Geophysical Society General 
Assembly in Nice, Asteroids 2001 in Palermo, the AEF in Hamburg, DPS, New Orleans, Eddington 
Workshop, Cordoba. 
 


