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DLR Physics of Small Bodies Section 
 Annual Report 2000 

 
 
 
1 . Introduction (E. Kührt) 
  
The Section “Physics of Small Bodies“ was established in the Institute of Space Sensor Technology and Planetary 
Exploration of the DLR (German Aerospace Center) in January 1997. The section carries out investigations of 
comets, asteroids, and extra-solar planets, mainly in the visible and infrared wavelength ranges, modeling of 
associated physical processes, and contributes 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.  
 
During 2000 we have further consolidated our on-going projects and initiated some new ones. This report 
describes the results of our research and other activities. Highlights are the completion of the Flight Model of 
MUPUS-TM for the Rosetta Mission, the establishment of a new important research field - the investigation of 
extra-solar planets, the extensive observation programs of comets and asteroids at large telescopes within 
international teams, and the final successful tests of the technology project AWFS (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., NEAR, Deep Space1, Deep Impact, Rosetta) illustrate 
the growing world-wide interest in small bodies of the Solar System. 
 
The investigation of extra-solar planets promises to greatly improve our understanding of the development of 
planetary systems in the universe. Within the last 6 years more than 50 extra-solar planets have been discovered 
and this field has become a focal point of space science. Several space missions aimed at discovering new extra-
solar planets and investigating their properties, such as  Corot and Eddington, are currently under development. 
 
At the end of 2000 the staff numbers 5 scientists who hold doctorate degrees, three PhD students, and one guest 
scientist. One of our PhD students is currently working at a research institute in the USA for 6 months. All PhD 
students are funded by external contracts (DFG, Münchener Rückversicherungs-Gesellschaft). Several staff 
members are involved in the ESA cornerstone mission ROSETTA, the NASA mission DS1, and the German DIVA 
mission.  
 
 
Berlin, December 2000 
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2. Scientific activities 
 
2.1 Cometary science 
 
Long-term monitoring of gas activity in comet Hale-Bopp (H. Rauer, J. Helbert) 
 
The long-term optical monitoring program of comet Hale-Bopp (PI: H. Rauer) has been continued at the Very Large 
Telescope (VLT) of the European Southern Observatory (ESO) on Paranal, Chile. Medium-resolution spectra, 
covering the optical range, were taken using the FORS 2 instrument. In addition, the dust coma was imaged in 
broad-band filters (R and B). Up to now the available data cover the ranges 4.6 AU to 2.9 AU pre-perihelion and 
2.8 AU to 12.0 AU post-perihelion. The aim of this study is to investigate the evolution of gas activity of a comet as 
a function of its heliocentric distance. The evolution of activity with heliocentric distance depends not only on the 
volatility of cometary parent ices but also on the composition and physical structure of the nucleus. Observations of 
the cometary gas activity thus provide clues on the internal composition and structure of the cometary nucleus.  
 

In the optical range, daughter radicals such as CN, C3, C2, NH and NH2 can 
be detected. These species provide information on their parent molecules. 
However, before the observations can be  interpreted in terms of 
sublimation of parent ices, the formation of the observed daughter products 
must be understood. Although many of the parent ices can now be 
observed directly at radio wavelengths, observations of their daughter 
products in the optical range can greatly extend the range of heliocentric 
distances covered and extend the study to intrinsically fainter objects. It is 
therefore important to use a bright comet such as Hale-Bopp to investigate 
and understand the formation processes of the daughter radicals seen in 
the optical. The formation of CN from HCN and of NH2 from NH3 has been 
studied by H. Rauer, J. Helbert and J. Knollenberg in past years. The more 
complicated chemistry of C2 and C3 formation is studied in detail in the Phd-
thesis of J. Helbert.  
 
The gas activity of the comet will be compared to its dust production rate, 
which can be determined from the sunlight scattered off cometary dust 
particles. This investigation, based on the data set obtained in our long-

term monitoring program of comet Hale-Bopp, is the subject of M. Weiler’s diploma thesis work. 
 
Searching for the sources of C2 and C3 in comet Hale-Bopp (J. Helbert, H. Rauer) 
 
The C2 and C3 radicals have been observed in many comets over the past years. The long-term monitoring 
program of Comet Hale-Bopp offered a unique opportunity to study these two radicals over a wide range of 
heliocentric distances. Due to the high activity level of comet Hale-Bopp it was possible to detect C3 emissions in 
the coma as far as 7 AU from the sun and C2 emissions up to 5 AU. The processes leading to the formation of 
these two radicals in the coma of comets is still not fully understood. Only recently two of the proposed parent 
molecules for C2, acetylene (C2H2) and ethane (C2H6), have been detected 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, neither have any of its dissociation products. 
 
Based on the extensive data set of C2 and C3 observations obtained in the long-term monitoring program, J. 
Helbert started a new effort in 1999 to investigate the formation process of these radicals. Studies of the evolution 
of the Haser scalelength with heliocentric distance showed that they 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. For further investigations, a coma model was developed focussing especially on 
the interpretation of ground-based observations in the optical wavelength range. This model includes all molecules 
observable in this range. However, it considers solely photo-dissociation and –ionization 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 photo-reactions are the dominant process in the coma. The results of studies using this 
reduced coma model were presented at the meeting of the European Geophysical Conference in Nice, April 2000. 
 

Fig. 1  Comet C/1995 O1 (Hale-Bopp) 
at 12 AU. Image (R filter) taken at the 
VLT/UT1 (ANTU), ESO, Chile. 
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For further investigations a collaboration was initiated with the group of W. Huebner and D. Boice, at Southwest 
Research Institute (SwRI) in San Antonio, Texas. Following an invitation J. Helbert embarked on a visit for 6 
months to this institute in August 2000. Drs. Huebner and Boice have developed a gas dynamics coma model 
including detailed gas-phase chemistry with photolytic reactions and self-consistent electron energetics. This 
model was developed for the analysis of in-situ measurements during spacecraft missions to comets and is for this 
reason far more complex than the reduced model described above. J. Helbert is contributing to further 
improvements to this model for all reactions concerning the formation of C2 and C3. Results of this investigation 
indicate that electron impact reactions play an important role in the chemistry of C2 and C3, even at large 
heliocentric distances. First results using this model were presented at the meeting of the AAS Division for 
Planetary Sciences (DPS) in Pasadena, November 2000. J. Helbert will continue this study to establish a complete 
reaction network for the formation of C2 and C3. The collaboration with SwRI will be continued after his return to 
DLR. This work, which is part of J. Helbert’s Phd thesis, is supported by a DFG grant.  
 
Dust production rate of comet Hale-Bopp (M. Weiler, H. Rauer) 
 
In November 2000 M. Weiler started working on dust-related data of comet Hale-Bopp. This work, which forms part 
of a diploma thesis in physics at the Technical University of Berlin overseen by Prof. E. Sedlmayr, is entitled 
"Development of the dust production rate of comet Hale-Bopp" and is carried out at the DLR under the supervision 
of H. Rauer and in collaboration with L. Jorda (MPI for Aeronomie, Katlenburg-Lindau). In this study, spectra of 
sunlight reflected by cometary dust particles will be used to determine the dust production rate of comet Hale-Bopp 
over a wide range of heliocentric distances. Observations from 1996 to the end of 2000 will be considered. At the 
time of writing the relevant literature has been collected and tests of a program provided by L. Jorda to compute 
the Af?  parameter (a measure of the dust reflection and production rate) have been performed. 
 

Fig. 2   Spectrum of sunlight, reflected from Hale-Bopp's dust. This 
spectrum was taken on May 30th, 1996 with the spectrograph at 
the 1.93 m telescope at the Observatioire de Haute-Provence, 
France. The comet's heliocentric distance and geocentric distance 
were 4.25 and 3.46 AU, respectively. The vertical axis corresponds 
to a wavelength range from 376.4 nm to 468.0 nm. The horizontal 
axis is the spatial direction and covers 413 000 km on both sides of 
the nucleus. 
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Three-dimensional simulation of solar wind interaction with a comet like object 
 (U. Motschmann, T. Bagdonat, TU Braunschweig) 
 
A three dimensional hybrid code for simulation of astrophysical plasma 
processes using arbitrary curvilinear coordinate systems has been 
developed. The ions are represented as macro particles, whereas the 
electrons act as a massless charge-neutralizing fluid. The spatial 
discretization of the field equations in curvilinear coordinates was adopted 
from full particle codes, whereas for the integration the cyclic leapfrog method 
with a modified current advancement method including magnetic subcycling 
is used. Properties such as accuracy and stability are studied using these 
methods.  
 
The code is applied to the interaction of the solar wind with weak comets and 
immobile heavy-ion clouds. A typical Mach cone is shown in Fig. 3. The 
spatial structure known from gasdynamics is strongly modified and multiple 
parabolic shaped mach cones appear. This is explained quantitatively in 
terms of non-linear magnetosonic waves and solitons in one, two, and three dimensions. Moreover, the transition 
from the asymmetric case with very weak comets to the symmetric one with more intense comets is studied. It 
appears that the structures occurring with stronger comets are strongly correlated to multiple shocks. The 
structures are also relevant for other magnetized bodies in the Solar System, e.g. Mars and Venus. 
 
2.2 Asteroid science 
 
Thermal infrared observations and thermal modeling of near-Earth asteroids 
(A. W. Harris, M. Delbo) 
 
A major development this year has been the initiation of a new observing program with the Keck 1 telescope on 
Mauna Kea, Hawaii. With their 10-m diameter segmented mirrors, the two Kecks  (Fig. 4) are the largest 
telescopes in the world and by far the best for observations in the thermal infrared (5 – 20 µm). 
 

A proposal submitted via NASA in collaboration with R. 
Binzel (MIT) and J. Davies (Joint Astronomy Centre, 
Hawaii) was awarded 1 night in March and 1.5 nights in 
August (a further allocation of 1.5 nights has been made for 
May 2001). The purpose of this program is to record the 
thermal emission continua of as many near-Earth asteroids 
(NEAs) as possible (i.e. 30 – 50) over a broad wavelength 
region around the thermal peak (5 – 20 µm). By fitting 
predicted thermal continua, as generated by a suitable 
thermal model such as NEATM (the “near-Earth asteroid 
thermal model” – Harris, Icarus, 1998, 131, p. 291) to the 
observational data, we aim to derive the sizes and albedos 
(surface brightnesses) of a significant sample of the near-
Earth asteroid population and, in some cases, information 
on thermal inertias. The advantage of the Keck over other 
telescopes is its unrivalled sensitivity, which enables 

smaller and fainter objects to be studied, thereby removing the bias inherent in surveys carried out with smaller 
telescopes that are limited to the largest and brightest objects. 
 
The size distribution and surface properties of NEAs 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 program is the identification of candidate extinct comets. The 
sizes of asteroids are normally estimated on the basis of their absolute brightness and an assumed albedo of 
around 0.12. Since the albedo of an NEA can lie anywhere in the range 0.03 – 0.6 this method of estimating 

Fig. 4  The two Keck domes on Mauna Kea, 
Hawaii. 

Fig. 3  Multiple Mach cones 
shown in the magnetic field. 
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diameters can be in error by a factor of 2 or more. 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. 
 
In a number of cases the albedos derived for near-Earth asteroids do not fall in the ranges expected from the 
optical spectral classification system developed for main-belt asteroids. It is not clear whether this is due to some 
difference in the physical properties of NEA surfaces or errors in the albedo determinations. Our data-base will 
allow detailed investigations of the correlations between albedos and features in optical and infrared reflection 
spectra, and clarify whether the existing asteroid taxonomic system has to be extended or modified to 
accommodate NEAs. 

 
Fig. 5 (a)  Thermal model fits to infrared fluxes from the NEA 1991 DB observed with the LWS at Keck 1 on March 16. The 
curves represent model emission spectra assuming different thermal characteristics with best-fit parameters:  ········ = NEATM; 
— —  = standard thermal model; ------- = fast rotating model. 
(b) Reflection spectrum (wavelength-dependent relative reflectivity) obtained with the CGS4 spectrograph at UKIRT during the 
same observing campaign. The noisy data around 1.4 µm and in the range 1.8 - 2.0 µm are due to atmospheric effects. 

 

 
 
Examples of provisional results obtained to date are given in Figs. 5 and 6. Thermal-IR spectrophotometry of the 
NEA 1991 DB was carried out with the Keck 1 Long-Wave-Spectrograph (LWS) in March (Fig. 5a). A few days 
earlier a near-IR reflection spectrum was obtained with the CGS4 spectrograph on the UK Infrared Telescope 
(UKIRT) (Fig. 5b). This object is of special interest due to reports of anomalies in its optical lightcurve that could 
indicate the presence of a moon. Application of the NEATM to the Keck data gives a diameter of 0.7 ± 0.1 km and 
an albedo of 0.16 ± 0.1. This albedo lies in the range associated with common S-type (stony) asteroids. However, 
the UKIRT spectrum shows no significant pyroxene absorption band around 2.0 µm which should be present in the 
case of an S-type asteroid. The featureless UKIRT spectrum taken alone is compatible with a C- (carbonaceous), 
M- (metallic) or E- (enstatite) type object. Given this choice, the moderate albedo argues in favor of a relatively rare 
M-type classification. Interestingly, there are similarities between the characteristics of 1991 DB and those of 3671 
Dionysus, another example of a possible binary asteroid (cf. Annual Report 1999), but no firm conclusions can be 
drawn at this stage. 
 
Thermal-IR measurements made with the Keck 1 telescope of the puzzling asteroidal object 1999 LD31are shown 
in Fig. 6. This object is not an NEA; its unusual retrograde orbit with a semi-major axis of 24.4 AU is indicative of 
an origin in the outer Solar System. However, there have been no reports from observers of comet-like features, 
such as a tail or coma. Model fits to the thermal data require a very low albedo of about 0.03 and a diameter of 

Fig. 6  Thermal model fits to infrared fluxes from the 
unusual retrograde asteroid 1999 LD31 observed with 
the LWS at Keck 1 on March 17 (details as in caption 
to Fig. 5a). Due to the relatively large distance from the 
Sun (2.7 AU) at the time of the observations the peak 
of the thermal emission lies at a longer wavelength 
than that of the NEA 1991 DB in Fig. 5a. 

a b 

Wavelength (µm) Wavelength (µm) 
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some 14 km. This albedo, combined with the relatively flat and featureless optical reflection spectrum obtained by 
our collaborator R. Binzel (MIT), indicates a classification as D-type. Such asteroids are thought to consist of 
primitive carbonaceous material and anhydrous silicates and to be rich in organics. This object may be the nucleus 
of an ancient comet which is either currently dormant or, after hundreds of passages through the inner Solar 
System, has given up all its volatile material and is no longer active. A publication on these results is currently in 
preparation. 
 
Thermal modeling 
 
Due to their relative proximity to the Earth, NEAs are often observed at higher solar phase angles than main-belt 
asteroids. Accurate modeling of the observed thermal emission from an irregularly shaped asteroid at a high phase 
angle (e.g. 90°) is a complex task that requires knowledge of parameters such as shape, thermal inertia, surface 
roughness, and rotation vector. NEATM is a relatively simple model based on spherical geometry which is 
designed to give good estimates of albedo and size when, as in most cases, the above parameters are unknown. 
However, the accuracy of NEATM with data taken at high phase angles remains largely untested. Using 3-D shape 
models of real asteroids, such as 6489 Golevka (Fig. 
7a), derived from radar observations, the 
dependence of observed thermal emission on solar 
phase angle is being investigated. The first step is to 
assign temperatures to surface elements as a 
function of absorbed solar energy (Fig. 7b). 
 
For more accurate modeling the surface temperature 
distribution has to be modified to account for the 
effects of shadowing, thermal inertia, rotation and 
surface roughness. Such shape models can be used 
to predict observed fluxes as a function of phase 
angle. Comparison of the known asteroid sizes with 
those calculated by fitting thermal-model continua 
calculated from simple models to the predicted 
fluxes will allow the dependence of the accuracy of 
NEATM and other widely applied simple, but 
practical, thermal models on phase angle to be explored. 
 
A related aim is to monitor the actual thermal emission of a real NEA over a large phase-angle range. However, 
observing opportunities of this kind are rare and such a project would require much observing time on a large 
infrared telescope. A proposal to use observing facilities at the US Air Force Maui Optical Station, Hawaii, for this 
purpose has been submitted by E. Tedesco (TerraSystems, USA) and A. W. Harris to the US Air Force Office of 
Scientific Research. 
 
The thermal-infrared work described above is supported by a grant from the DFG (German Research Council). 
Results from this work were presented at the AMICO 2000 Conference, Nördlingen, Germany, in May and at the 
32nd DPS Meeting, Pasadena, in October. 
 
Near infrared spectroscopy (A. W. Harris) 
 
Near-IR spectra of a number of NEAs have been obtained this year with UKIRT in a program initiated by A. W. 
Harris and J. Davies (JAC, Hawaii). These observations are made on a “target-of-opportunity” basis as suitable 
targets become available. As far as possible the UKIRT observing time is coordinated with the Keck program (see 
Fig. 5 above). 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. Our aim is to build up a data-base containing near-IR spectra of as many different classes of 
NEA as possible, thereby extending the NEA taxonomic system into the infrared and enabling detailed 
comparisons of NEA mineralogy with that of main-belt asteroids. There is evidence of some significant differences 
between the surface mineralogy of NEAs and of observed main-belt asteroids on which the existing taxonomic 
system is based (see above). 
 

Fig. 7 (a) 3-D shape model of the NEA 6489 Golevka 
derived from the radar observations described by Hudson et 
al (2000 - see publications list). (b) Temperature distribution 
(see text) when the same model is illuminated from the right 
(phase angle = 90°). 

a b 
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Two further nights on UKIRT have been awarded for the continuation of this program in 2001. 
 
Impact risk assessment (A. W. Harris, S. Werner) 
 

A major goal in this project is to merge our rapidly developing 
knowledge of the size distribution and physical 
characteristics of the NEA population as derived from 
astronomical observations, with the geophysical aspects, 
e.g., the size distribution and rate of formation of impact 
craters on the surfaces of the Earth (e.g. Fig. 8) and Moon.  
 
Using NEA discovery statistics from the very successful 
LINEAR (Lincoln Near-Earth Asteroid Research) search 
program operated by MIT it is possible to estimate the 
number of NEAs in the total population, even though only a 
small fraction of the total has been discovered to date. The 
method is based on a comparison of the rate of re-detections 

of known NEAs in different absolute magnitude (H) or size bins with discoveries of previously unknown NEAs in the 
same bins during a given interval of time. Using this method, in collaboration with colleagues in Italy and the USA, 
we have shown that the total number of NEAs with diameters, D, of 1 km or more (H < 18) is around 700 
(D’Abramo et al, submitted to Icarus). 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. Our results are in good agreement with 
those of Rabinowitz et al (Nature, 2000, 403, 165) and they suggest that the total number of large objects in the 
NEA population has been overestimated by a factor of 2 or more by earlier investigators. 
 
An independent approach to investigating the size distribution of the total NEA population is to look at the cratering 
record on the Moon’s surface. In collaboration with B. Ivanov (Moscow) and G. Neukum we have fitted a projectile 
size-frequency distribution derived from the lunar cratering record of Neukum and Ivanov (Hazards due to Comets 
and Asteroids, 1994, Univ. Arizona Press, p. 359) to the estimated size distribution of the total NEA population 
from Rabinowitz et al and D’Abramo et al. (Fig. 9). From the estimated lunar impact rate of objects with D > 1 km, 
and the average annual probability of an arbitrary member of the NEA population hitting the Moon derived from 
orbit-dynamical considerations, it follows that the total population of NEAs with D > 1 km averaged over the time 

since the late heavy bombardment must be about 715. 
This is almost identical to the independent result 
described above from the LINEAR discovery statistics. 
The only free parameter in the fit is the mean albedo, 
pv,of the total population of NEAs which governs the 
conversion between absolute magnitude, H, and 
diameter. The best-fit value of pv was found to be 0.12. 
This is near the expected weighted mean for a 
population consisting of equal numbers of S- and C-
class asteroids and the value of 0.10 adopted by 
Rabinowitz et al.  
 
The convincing agreement between the lunar 
projectile curve and the size-frequency distribution of 
the current total population of NEAs (Fig. 9), both in 
terms of overall shape and absolute numbers for D > 
0.04 km (H < 25), implies that the current population of 
NEAs is similar in terms of size distribution to the time-
averaged population of impactors that gave rise to the 
visible crater record on the Moon’s surface. Thus it 
appears that the NEA population has remained 

roughly constant over a period of billions of years and comets have played only a minor role in lunar cratering, at 
least those with D < 15 km (corresponding to H > 12). For D < 0.04 km our results indicate an excess of objects in 
the current NEA population, although this discrepancy could be due to size-dependent albedo variability in the NEA 
population or errors in the data of Rabinowitz et al. in this range. 

Fig. 8  The Barringer Meteor Crater, Arizona, resulted 
from the impact of a 30-m-sized metallic object about 
50,000 years ago. 

Fig. 9  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). 



 8

 
This project is supported by funds from the Münchener Rückversicherungs-Gesellschaft. Results from this work 
were presented at the AMICO 2000 Conference, Nördlingen, Germany, in May and at the 32nd DPS Meeting, 
Pasadena, in October. Two papers on different aspects of the work have been submitted to Icarus. 
 
 
Potential field interpretation of the impact structure Suvasvesi N, Finland (S. Werner) 
 
Combined potential field modeling is used to obtain a view of the subsurface features of e.g. impact structures. The 
interpretation of the magnetic and gravity field anomalies led to a 3D subsurface model of the proven impact crater 
Suvasvesi N, Finland. The modeling is performed with IGMAS, which uses an algorithm for potential field 
calculation based on triangulated polyhedrons (in collaboration with the Gravity Research Group, FU Berlin). 
 
The preliminary models were derived from gravity data according to morphometric rules and petrophysical 
properties. It seems that Suvasvesi N is a well-preserved simple crater of 3 km in diameter. During S. Werner's 
stay at the Geological Survey Finland (GSF) in September 2000 all available hand and drill-core samples were 
petrophysically re-measured to calibrate the model. An improved interpretation of the gravity data was obtained. 
The magnetic modeling was implemented in collaboration with Jüri Plado (GSF) and Lauri Pesonen (University of 
Helsinki). For the single negative magnetic peak anomaly a paleomagnetic pole direction was determined. By 
comparing the model results with the apparent polar wander path a Mesozoic age for the impact event is obtained 
 
This work is a continuation of research carried out by S. Werner at the University of Kiel as part of her diploma 
thesis. First results were presented at the 4th ESF-IMPACT workshop in Lappajärvi, Finland, May 2000. 
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2.3  Extra-solar planets 
 
Search for extended atmospheres around extra-solar planets (H. Rauer, A. W. Harris) 
 
If the orbital inclination of an extra-solar planet is close to 90º, the planet transits through the line-of-sight to the 
Earth. During transit the stellar light passes through the planetary atmosphere and atmospheric atoms and 
molecules cause absorptions which can be detected by comparing high-resolution spectra obtained during transit 
with spectra taken when the planet is not in the line-of-sight.  
 
In systems with high inclination, but not fully transiting planets, an extended atmosphere of the planet may still be 
detected. Observations of 51 Peg and ?  Boo obtained in 1998 during the EXPORT observing campaign at the 4-m 
William Herschel Telescope (WHT), Canary Islands, using the Utrecht Echelle Spectrograph (UES) were analysed 
and presented at the conference on ‘Disks, Planetesimals & Planets’ in January 2000 at Tenerife, Spain.  
 
We have continued the search for signatures of an atmosphere of the planet orbiting HD209458, which is so far the 
only system for which it has been firmly established that the planet transits through the line-of-sight. First pilot 
observations had been obtained in November 1999 at the 4-m WHT using the UES. 
 

Spectra of a further transit were obtained on August 1-2, 2000 
using the same instrumentation. A significant improvement in the 
data analysis has been made by applying tools developed for 
‘Doppler imaging’ of stellar surfaces. This analysis was made in 
collaboration with A. Collier Cameron, University of St. Andrews, 
UK. First results of a search for alkali absorption lines were 
presented in a session on extra-solar planets at the annual 
meeting of the International Astronomical Union (IAU) during 
August 2000 in Manchester, UK and the annual meeting of the 
Astronomische Gesellschaft during September 2000 in Bremen, 
Germany. 
 
 
 

The Berlin Exoplanet Search Telescope (BEST) - a ground based detection system 
 (H. Rauer, A. Erikson) 
 
The first extra-solar planet, indicating the presence of an additional planetary system in the universe, was 
discovered five years ago. Several search projects have since then confirmed the existence of about 50 similar 
systems. In most cases the planets are large with orbits close to the central star. Some also show high 
eccentricities. These findings have profound implications for our understanding of the formation of planetary 
systems, indicating a more complex evolution compared to the Solar System. In order to better understand the 
general formation mechanisms for such systems, a larger sample of known extra-solar planets is needed. This 
goal can be achieved by a variety of different observational techniques. One of the more efficient methods is 
photometric observations of a large number of stars to detect transit events (i.e. when a planet passes in front of a 
star) from which the general characteristics of exo-planets can be determined. 
 
BEST is a simple but robust ground-based system to perform such photometric observations. A 20-cm flat-field 
camera with a computer controlled equatorial mounting is equipped with a 2k CCD. The field of view is around 
3.3°, thereby allowing a large number of stars to be observed simultaneously. By extensive observational duty-
cycles the probability of detecting transit events will be maximised. The project was initiated during the second half 
of the year. The first proto-type is based on commercial components  and will become operational in spring 2001. 
The BEST system will undergo a short initial test phase in Berlin before being transferred to the Thüringer 
Landessternwarte in Tautenburg for operation on a more regular basis. In parallel, data acquisition and analysis 
methods will be developed. At a later stage BEST will be re-located to an observational site with more suitable 
meteorological conditions  and access to the star-rich regions of the southern hemisphere (e.g. the Canary 
Islands).  
 
 

 

Fig. 10  Artist's impression of a planet 
transiting across the disk of  HD 209458. 
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Search for extra-solar planets by means of space missions (H. Rauer, A. Erikson) 
 
The German small satellite mission DIVA (PI: S. Roeser; Astronomisches Recheninstitut, Heidelberg, Germany) is 
a satellite designed for accurate measurements of astrometric positions of stars. In addition, photometric 
measurements of stars are made. Although the mission is not designed to search for extra-solar planets, the 
telescope scans the whole sky and every star is observed several times. Photometric transits of extra-solar planets 
can therefore be observed. These observations can be used to confirm ground-based detections, such as was 
done in the case of the HD209458 system for which Hipparcos data were used to confirm the ground-based 
discovery of planetary transits. Furthermore, DIVA will provide candidates for planetary transits which can be 
observed in ground-based follow-up observations. H. Rauer is a Co-I on DIVA and will work together with A. 
Erikson on the analysis of photometric data.  
 
The first space mission designed to search for extra-solar planets will be the COROT-mission (CNES, with 
European participation), a 27-cm telescope in Earth-orbit for high-accuracy photometry to be launched in late 2004. 
The satellite has two goals: stellar astroseismology and the search for extra-solar planets via photometric transits. 
ESA’s Eddington mission has similar goals, but uses a larger telescope (1.2m) placed at the L2 Lagrangian point. 
Eddington has been selected as a ‘reserve’ mission for the ESA F2/F3 flexi-missions. We have contacted both 
teams to discuss possible DLR participation in these space missions. 
 
 
3. Space missions 
 
MUPUS-TM - hardware for the ROSETTA-Mission (J. Knollenberg, E. Kührt) 
 

MUPUS-TM is an experiment onboard the ROSETTA 
cometary lander, a subunit of the MUPUS suite of 
instruments (P.I. T. Spohn, University of Münster) 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 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 2000 some major milestones in the development of the MUPUS-TM project were reached. After a re-design 
of the FEE, made necessary by the removal from the market of some previously used off-the-shelf electronic parts, 
the flight model FEE boards were manufactured to ESA standards and subsequently assembled at the DLR. In 
January the electrical qualification model was delivered to the Rosetta Lander project. A dedicated qualification 
model of the MUPUS-TM was assembled and functionally tested during May. In June 2000 this model successfully 
passed the mechanical qualification tests, consisting of sine vibration, random vibration and shock tests. In July the 
qualification procedure was completed with a thermal-vacuum test, in which it was successfully demonstrated that 
the design of the sensor head is compliant with the harsh thermal environment expected during the Rosetta 
mission, e.g. very low temperatures down to –160°C. Furthermore, in close cooperation with colleagues from the 
ROLIS experiment and the Hahn-Meitner-Institut (HMI), a dedicated radiation test was conducted at the HMI in 
Berlin to verify the instrument performance under the expected radiation environment. The exposure of the FEE, 

Fig.  11  The Flight Model of the MUPUS-TM 
mounted on the cold finger of the LakeShore MTD-
150 cryostat in preparation for the thermal-vacuum 
acceptance test. 
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blackbody coating, and infrared filters to 3 MeV and 16 MeV proton beams, with a total dose of about 10-30 kRads, 
revealed no measurable effects on the parameters of the electronics and the blackbody coating, although very 
slight changes in the filter transmission were observed. After successful qualification the manufacture of the flight 
model (FM) was initiated. Subsequently, a low temperature failure of the flight model infrared sensors, which were 
manufactured with a new interference absorption layer, introduced some delay in the planned schedule. Switching 
back to the well-tested infrared sensors, which have a black-smoke absorber, solved the problem. The FM was 
finally assembled and functionally tested in October. 
 
In November the calibration of the sensor head was performed in this institute’s Space Simulation Chamber, which 
is unique in allowing a liquid-N2-cooled blackbody to be mounted on the optical door. Temperature ranges of 120 K 
to 320 K for the blackbody, and –150°C to +25°C for the operation of the sensor head, were covered. 
Subsequently, the necessary acceptance tests were passed in November (mechanical) and December (thermal-
vacuum). Measurement of the FM‘s field-of-view and its noise equivalent temperature difference, in addition to a 
functional test with the MUPUS-DPU operated with the original flight software, completed the series of tests. 
Furthermore, during November a stability and linearity problem with the ADC on the MUPUS-DPU was solved by 
exchanging the input buffer OP-Amp and the necessary absolute calibration of the ADC (offset and linearity) was 
performed in the climate chamber. 
 
Ground-based support for the DS1 mission (H. Rauer, J. Helbert) 
 
Comet Borrelly is the target of NASA’s extended Deep Space (DS-1) mission. We 
have continued our scientific support for this mission by making ground-based 
observations to determine the rotation period of the comet. Images in the broad-
band R and V filters were obtained at the 2.15-m telescope at the Observatory 
Complejo Astronomico El Leoncito, Argentina, on August 25/26 and September 
5/6, 2000.  
 
The results of these observations were presented in a workshop on the DS-1 
mission at the DPS conference in October 2000, Pasadena, USA. 
 
 
4. Technology projects 
 
The Autonomous Forest Fire Recognition System AWFS (E. Kührt, J. Knollenberg, V. Mertens, E. Wolff) 
 
A basic goal of the DLR is the transfer of know-how to industrial applications. A major problem in forestry is forest 
fires. Every year they produce damage totalling some ten million Euro in Germany and several billion Euro in 
Europe. The AWFS has been under development since 1998, in collaboration with engineers from this institute, 
foresters, and two small companies. The project is funded by the European Union and the DLR. The aim is to 
detect smoke clouds arising from forest fires up to a distance of 10 km within 10 minutes. In 2000 this technology 
project successfully completed its second test phase. Three systems were mounted on the top of watch-towers to 
observe an area of 70000 ha in Brandenburg. All 29 fires that occurred from March to September were detected 
and an alert was sent to the central station in Peitz.  
 
The complex system consists of advanced hardware and sophisticated software. The high resolution camera with 
1024x1024 pixels was originally developed for space flight 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 a high radiometric resolution (14 bit) via a fiber-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, co-ordinates 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. Several German companies have expressed an interest in producing the system. 
 
 

Fig. 12  Deep Space 1 
encounter with asteroid Braille. 
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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 and E. Wolff 
have contributed to the development of the software. An international jury has awarded the project the German-
Polish Prize for Innovation 2000. 
 

Fig. 13  Fire detected by AWFS from the tower near Reuthen on May 14, 2000. 
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Appendix 
 
Scientific publications in refereed journals (submitted or published in 2000) 
 
Bockelee-Morvan, D., Lis, D.C., Wink, J.E., Despois, D., Crovisier, J., Bachiller, R., Benford, D., Biver, N., Colom, 
P., Davies, J.K., Gerard, E., Germain, B., Houde, M., Mehringer, D., Moreno R., Phillips, T.G., Paubert, G., Rauer, 
H. 2000. New molecules found in comet C/1995 O1 (Hale-Bopp). Astronomy & Astrophysics, 353, 1101-1114. 
 
D’Abramo, G., Harris, A. W., Boattini, A., Werner, S., Harris, A. W., and Valsecchi, G. 2000. A simple probabilistic 
model to estimate the population of near-Earth asteroids. Submitted to Icarus. 
 
Erikson, A., Mottola, S., Lagerros, J. S. V, Lindgren, M., Piironen, J., Oja, T., Hahn, G., Lagerkvist, C.-I., Harris, 
A. W., Nathues, A., and Neukum, G. 2000. The near-Earth objects follow-up program III: 32 lightcurves for 12 
objects from 1992 and 1995. Icarus, 147, 487-497. 
 
Hudson, R. S., and 26 colleagues, incl. Harris, A. W. 2000. Radar observations and physical model of asteroid 
6489 Golevka. Icarus, 148, 37-51. 
 
Kührt, E. and Knollenberg, J. 2000. New systems for the detection of forest fires. Submitted to Annals of Burns 
and Fire Disasters. 
 
Kührt, E., Behnke, T., Jahn, H., Hetzheim, H., Knollenberg, J., Mertens, V., Schlotzhauer, G., Götze, B. 2000. 
Autonomous early warning system for forest fires tested in Brandenburg, Germany. International Forest Fire News 
No. 22 , 84-90. 
 
Mann, G., Classen, H.-T., Motschmann, U. 2000. Generation of highly energetic electrons by shock waves in the 
solar corona. Submitted to J. Geophys. Res. 
 
Othmer, C., Glassmeier, K.H., Motschmann, U., Schüle, J., Frick, Ch. 2000. Three-dimensional simulations of ion 
thruster beam neutralization. Physics of Plasmas, Vol. 7, No. 12. 
 
Othmer, C., Motschmann, U., Glassmeier, K.H. 2000. Creation of spatial charge separation in plasmas with 
rigorously charge-conserving local electromagnetic field solvers. Submitted to J. Comput. Phys. 
 
Othmer, C., Glassmeier, K.H., Motschmann, U., Schüle, J., Frick, Ch. 2000. Numerical simulation of ion thruster-
induced plasma dynamics. Submitted to Advances Space Res. 
 
Rauer, H., Bockelee-Morvan, D., Coustenis, A., Guillot, T., Schneider, J. 2000. Search for an exosphere around 51 
Peg B with ISO. Astronomy & Astrophysics, 335, 573-580. 
 
Rousselot P., Arpigny C., Rauer H., Cochran A.L., Gredel R., Cochran W.D., Manfroid J., Fitzsimmons A. 2001. A 
fluorescence model of the C3 radical in comets. Accepted by Astronomy & Astrophysics. 
 
Thomas, N., Eggers, S., Ip, W.-H., Lichtenberg, G., Fitzsimmons, A., Jorda, L., Keller, H.U., Williams, I., Hahn, G., 
Rauer, H. 2000. Observations of the trans-neptunian objects 1993 SC and 1996 TL66 with ISO. Astrophysical 
Journal, 534, 446-455. 
 
Werner, S., Harris, A. W., Neukum, G., and Ivanov, B. 2000. The near-Earth asteroid size-frequency distribution: 
a snapshot of the lunar crater size-frequency distribution. Submitted to Icarus. 
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Scientific publications in other journals and proceedings  (submitted or published in 2000) 
 
Auster, H.U., Fornacon, K.H., Georgescu, E., Glassmeier, K.H., Motschmann, U. 2000. Calibration of fluxgate 
magnetometers using relative sensor motion in constant field, ESA-SP, in press. 
 
Cellino, A., and 22 colleagues, incl. Harris, A. W. 2000. Spaceguard-1: a space-based observatory for NEO 
physical characterization and discovery. Proc. SPIE Vol. 4013, p. 433-443, UV, Optical, and IR Space Telescopes 
and Instruments, James B. Breckinridge; Peter Jakobsen; Eds. 
 
Harris, A. W., Rauer, H., and Cameron, A. C, EXPORT team 2000. The search for extended atmospheres around 
the planets orbiting 51 Peg and ?  Boo. In “Disks, Planetesimals and Planets”, ASP Conference Series, Eds: F. 
Garzon, C. Eirora, D. de Winter, T.J. Mahony, in press. 
 
Rauer, H., Collier Cameron, A., J. Barnes, Harris, A. W. 2000. Search for signatures of atmospheres/exospheres 
in extra-solar planets. Planetary Systems in the Universe, IAU Symposium no. 202, proceedings, in press. 
 
Seiferlin, K., Spohn, T., and the MUPUS Team, incl. Kührt, E. and Knollenberg, J. 2000. MUPUS- the 
underground connection. ESA-SP, in press. 
 
 
Space mission responsibilities 
 
A.W. Harris 
- Team member DS1 
- PI  ISO-Observing Proposal 
- Co-investigator Spaceguard-1. A Space-based Observatory for NEO Physical Characterization 
  and Discovery (proposal to ESA for an F2-F3 Flexi-Mission). 
- Co-investigator ENEAS. Exploration of NEAs with a Sailcraft (proposal to DLR). 
 
J. Knollenberg 
- Co-Investigator ROSETTA-Experiment MUPUS 
- Associated Scientist ROSETTA-Experiment OSIRIS 
- Team member DS1 
 
E. Kührt 
- Co-Investigator ROSETTA-Experiments OSIRIS, RPC, and MUPUS 
- Team member DS1 
- Co-Investigator FOCUS (International Space Station) 
 
U. Motschmann 
- Co-Investigator ROSETTA-Experiment RPC 
- Co-Investigator CLUSTER II 
- Team member DS1 
- Team member Mars Express 
 
H. Rauer 
- Co-Investigator ROSETTA-Experiment MIRO 
- Associated Scientist ROSETTA-Experiment OSIRIS 
- Co-Investigator DIVA 
- Team member DS1 
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Observation campaigns in 2000 
 
Date Telescope Target 

 
11 March UKIRT* 2 near-Earth asteroids (NEAs) 
15-16 March Keck 1** 9 NEAs 
5-6 April VLT/UT1, ESO*** Comet Hale-Bopp 
27 May    UKIRT    2 NEAs 
1-2 August 4m WHT, La Palma HD209458 
19-21 August  Keck 1 3 NEAs (bad weather!) 
25-26 August 2.15m Obs. Complejo Astronomico El Leoncino Borrelly 
23-29 August Jacobus Kapteyn**** Light curves of Keck targets 
5-6 September 2.15m Obs. Completo Astronomico El Leoncino Borrelly 
8 September    UKIRT  Bad weather! 
29-30 October VLT/UT1, ESO Comet Hale-Bopp 
30 November  UKIRT  NEA 4179 Toutatis 
21 December  UKIRT NEA 4179 Toutatis                   
 
* UKIRT is the 3.8-m UK Infrared Telescope on Mauna Kea, Hawaii 
**   The Keck 1 is a 10-m telescope on Mauna Kea 
*** VLT/UT1 is one of the 8 m telescopes of the Very Large Telescope Array of ESO in Chile 
**** The Jacobus Kapteyn Telescope is a 1.0-m telescope on La Palma 
 
 
External scientific collaborators 
 
C. Arpigny, J. Manfroid, Institute d'Astrophysique, Liége, Belgium 
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 
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, Observatoire de Paris-Meudon, France 
J. K. Davies, JAC, Hawaii, USA  
M. Di Martino, Osservatorio Astronomico di Torino, Italy 
K.-H. Glaßmeier, TU Braunschweig, Germany 
H.-J. Goetze, S. Schmidt, J. Ebbing, FU Berlin, Germany 
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 
L. Jorda, H.U. Keller, N. Thomas, MPI für Aeronomie, Katlenburg-Lindau, Germany 
L. Pesonen, University of Helsinki, Finland 
J. Plado, Geological Survey Finland, Espoo, Finland 
P. Pravec, Ondrejov Observatory, Czech Republic  
E. Sedlmayr, Technische Universität Berlin, Germany 
T. Spohn and K. Seiferlin, University of Münster, Münster, Germany 
E. Tedesco, TerraSystems, New Hampshire, USA 
The European Hale-Bopp Team 
The Extra-solar Planet Observational Research Team (EXPORT) 
The International Space Science Institute ISSI, Bern, Switzerland 
External industrial and public collaborators (on contract) 
 
Amt für Forstwirtschaft Peitz 
ASTRO Feinmechanik GmbH, Berlin 
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INO Control Prozessleitsysteme GmbH, Possendorf 
IQ wireless GmbH, Berlin 
Max-Planck-Institut für Extraterrestrische Physik, Garching 
Münchener Rückversicherungs-Gesellschaft 
Siemens AG, Berlin 
 
 
Public outreach 2000 
 
Harris, A. W. and Werner, S. Anzahl und physikalische Eigenschaften der Erdbahnkreuzer. Astronomie und 
Raumfahrt im Unterricht, December, 32-36. 
 
Harris, A. W. Erdnahe Asteroiden: Ihre Anzahl und physikalischen Eigenschaften. Invited lecture, University of 
Jena, 20 Nov. 
 
Harris, A. W. The work of the DLR in the field of near-Earth asteroids. Royal Astronomical Society, London, 13 
Oct. 
 
Harris, A. W. Asteroiden and Kometen. Lecture to students of the Carlspitzweg Realschule, 24 May. 
 
Helbert, J. Kometen – Zeugen der Entstehung unseres Sonnensystems. Lecture at the Max-Reinhardt-OG, Berlin.  
 
Knollenberg, J. Exhibitor at the Hannovermesse. 
 
Kührt, E. Automatische Waldbranderkennung in Brandenburg. Nano in 3sat TV on July 3.  
 
Kührt, E. Lecture about comets to students of the Realschule Adlershof. 
 
Kührt, E. Exhibitor at the ILA, Berlin, and the International Forest Fair, Celle. 
 
Rauer, H., Helbert, J. Ein Komet auf seiner Reise durch das Sonnensystem. Astronomie und Raumfahrt im 
Unterricht, December, 4-8.  
 
Werner, S. and Harris, A. W. Erdnahe Asteroiden - Ihre Bedeutung für die Planetenforschung und die Zukunft der 
Erde. Sterne und Weltraum, June, 436-444. 
 
 
Other events and activities  
 
M. Delbo 
Awarded a travel grant for $600 from the American Astronomical Society Division of Planetary Sciences (DPS) 
Travel Grants Award Committee to enable him to present a talk entitled "Physical Characterization of Near-Earth 
Objects with the Keck Telescope" (Delbo, Harris, Binzel, Davies) at the 32nd DPS Meeting, October, Pasadena. 
 
A.W. Harris 
Accepted the invitation of the editors of the book Asteroids III, in the Space Science Series of the University of 
Arizona Press, to serve as lead author of a chapter entitled "Asteroids in the Thermal Infrared". 
 
J. Helbert 
Stay of 6 months at the Southwest Research Institute, San Antonio, USA. 
 
J. Knollenberg 
Awarded the German-Polish Innovation Prize 2000. 
 
E. Kührt  
Awarded the German-Polish Innovation Prize 2000. 
Invited Lecture, Technical University Dresden, 25 May. 
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U. Motschmann 
Executive director of the Institute for Theoretical Physics, TU Braunschweig, since October 1, 2000. 
Lectures at the TU Braunschweig “Introduction to plasma physics” and “Quantum Physics”. 
 
H. Rauer 
Invited talks at 

The Conference on Physics of Space: Growth points and problems, Meudon, France 
The Institute of Planetology of the Westfälische Universität Münster 
The Department ARPEGES of the Observatoire de Paris-Meudon. 

Member of the scientific organizing committee of the conference: Disks, planetesimals & planets, January 2000, 
Tenerife. 
Convenor of the session on extra-solar planets at the General Assembly of the European Geophysical Society, 
April 2000, Nice. 
Nominated as Secretary for extra-solar planets, European Geophysical Society. 
Lectures at the TU Berlin “Small bodies in the Solar System”. 
Guest scientist for 1 month (March 2000) at the Observatoire de Paris-Meudon, for 2 weeks (October 2000) at the 
South-West-Research-Institute (SWRI), San Antonio, Texas, and for 1 week (July 2000) at the University of St. 
Andrews, UK. 
 
S. Werner 
Invited talk at Gravity Research Group, Institute for Geology, Geophysics  and Geoinformatics, FU Berlin. 
Stay of two weeks in September at the Geological Survey Finland, Espoo, fully supported by ESF-IMPACT Mobility 
Grant. 
 
 
 
In 2000 Section members presented or co-authored more than 20 papers at conferences such as AMICO 
(Asteroids, Meteors, Impacts and their Consequences) in Nördlingen, the European Geophysical Society General 
Assembly in Nice, the 24th IAU General Assembly in Manchester, the Assembly of the Astronomische Gesellschaft 
in Bremen, the Conference on Physics of Space in Meudon, the Conference on Disks, Planetesimals and Planets 
on Tenerife, and the AAS 32nd DPS Meeting in Pasadena. 
 
Several Section members (A. W. Harris, E. Kührt, U. Motschmann, H. Rauer) acted as referees for international 
journals such as Astronomy and Astrophysics, The Astrophysical Journal, PASJ, and Icarus. 


