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Foreword

The operational plan of the Observatory for the years
2007–2009 was presented to the Faculty in autumn 2006.
Our plan is to focus all resources towards reaching a very
precise vision: to be the most efficient Finnish institute
in researcher training in Astronomy during the period
2005–2010. This vision strongly guides our daily efforts
in research and education. “Researcher training” is the
area, where the most important measures in research and
teaching can be ideally combined. The plan consists of
ten operational measures, which are systematically exe-
cuted, followed and analysed in close collaboration with
our three research groups, as well as with all students
majoring in Astronomy.

The results of the research assessment exercise of the
whole University of Helsinki were published in 2006. The
international panel gave the Department of Astronomy
the highest possible rating 7/7. This result confirms that
a relatively small and independent institute can perform
“main stream” astronomical research at a high interna-
tional level. We will seriously consider all recommenda-
tions made by the international panel in order to further
improve the level of our research. Among the most im-
portant recommendations was that we should continue
to efficiently utilize all resources offered by ESO (Euro-
pean Southern Observatory).

There always seem to arise needs for revising ad-
ministrative practices, like the “new” salary system, the
“new” quality control process, the “new” service centres
... Yet, our basic tasks have remained the same for over
170 years: astronomical research and education based
on this research. We have concentrated and we will con-
tinue to concentrate on these two “simple” tasks. We
train the future Finnish professional researchers in As-
tronomy. For example, 15 M.Sc. degrees were completed
between 2003 and 2006, while 8 were completed between
1995 and 2002. Hence our efficiency in the M.Sc. train-
ing has improved nearly by a factor of four. I find this
result, by any reasonable standards, sufficient. It is a
consequence of determined effort from the staff and the
students in executing our operational plan.

Finally, I wish to acknowledge the support of the
Board of the Observatory and the student association
Meridian, and the work by staff and students in main-
taining the high level of research and teaching at the
Department of Astronomy. It is a privilege to be the
director of this Observatory.

Lauri Jetsu
Director of the Observatory
Helsinki, June 6th, 2007
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1 Strategy of the Observatory

In order to guarantee the development of astronomical
research and teaching at the University of Helsinki, we
aim for high quality research in those fields of Astron-
omy that are pursued by the three research groups cur-
rently working at the Observatory. During the period
2004–2006, the main goal in the strategy of the Univer-
sity of Helsinki is: “Research and researcher education
are particularly prominent activities in the profile of the
University.” This is very much the same goal which the
Observatory emphasizes. The chosen strategic means
are:

Participation in large astronomy and space research
projects: We are now regularly utilizing the new
resources offered by the Finland’s ESO (European
Southern Observatory) membership, which started
in July, 2004. Our increasing space research activ-
ity is also an investment to the future of Astron-
omy. Our space research instrument development
guarantees us future observing time with several
satellites. High quality research requires access
to the best existing instruments. The member-
ship in international organizations offers this ad-
vantage. The Observatory is actively involved in
several ESA (European Space Agency) projects:
BepiColombo, Gaia, ISO, INTEGRAL, Planck and
SMART-1. Among our other ongoing joint re-
search projects has been in 2006 the use of the
Nordic Optical Telescope (NOT). Our active par-
ticipation in the aforementioned, and several new
international projects (e.g. XEUS and ISRO’s Ch-
andrayaan-1 satellites) secures continuity of high
quality astronomical research.

Increasing the research volume with external fund-
ing: Modern astronomical research is team work,
where one often encounters the term “critical mass”
used in defining an effective research group. The
Observatory encourages all efforts by the perma-
nent staff to acquire external funding for their re-
search groups. The most important funding sources
are the Academy of Finland, the Finnish Funding
Agency for Technology and Innovation, the Euro-
pean Union, and private foundations.

Efficient PhD training: Ph.D. is the “basic degree”
for a researcher in Astronomy. We aim for a more
efficient Ph.D. student supervision inside the re-
search groups, which will lead to faster graduation.
We will continue active participation in the na-
tional “Graduate School for Astronomy and Space
Physics”. In spring 2001, we initiated a program
where a personal “teacher tutor” is appointed for
every undergraduate student studying Astronomy

as his/her main subject. In short, we do our best to
encourage close connections between the students
and the research groups.

Public Outreach: Astronomy enjoys the interest of
the general public, and it is also a highly popular
minor subject at the University of Helsinki. We
aim to improve our efficiency in reporting about
astronomical research, e.g. in the press, television
and www. We also have a close connection to the
Finnish Amateur Astronomer Association URSA.

The popularity of basic courses in Astronomy has
been constantly growing. Continuous development of
these basic courses also strengthens the motivation of
students majoring in Astronomy. Another major goal
for these basic courses is to teach the modern world pic-
ture of natural science to the students in all faculties of
the University of Helsinki. Direct connection between
Astronomy courses and the research performed at the
Observatory will be strengthened. As an example of the
effectiveness of this strategy, the research projects per-
formed by the students during an undergraduate level
course have already been published twice in an interna-
tional refereed journal and several exercises in another
course have lead to successful observing time proposals
for space science missions.

Funding and volume of our research between 1995
and 2006 is illustrated below. The chosen strategy seems
to predict a successful future for the Observatory of the
University of Helsinki.

Closed diamonds: Articles in refereed journals. Scale on

the right.

Closed squares: Budget funding from the University of

Helsinki. Scale on the left ke.

Closed circles: Project funding for Observatory. Scale on

the left ke.

Open circles: Project funding for Observatory including

industrial subcontracts. Scale on the left ke.
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2 Interstellar medium, star

formation and magnetic

activity of stars

Research staff with a Ph.D. Lauri Haikala, Docent
Jorma Harju, Docent
Mika Juvela, Docent
Maarit Korpi, Ph.D.
Kimmo Lehtinen, Docent
Kalevi Mattila, Prof.
Ilkka Tuominen, Prof.

Ph.D. students Jouni Kainulainen, M.Sc
Petri Käpylä, Phil. Lic.

(until Oct. 2006)
Anne Liljeström, M.Sc

(since Nov. 2006)
Tuomas Lunttila, M.Sc.

(since Nov. 2006)
Oskari Miettinen, M.Sc.
Veli-Matti Pelkonen, M. Sc.
Marianna Ridderstad, M.Sc.
Kyösti Ryynänen, M.Sc.

M.Sc. student(s) Anne Liljeström
(until Nov. 2006)

Marjaana Lindborg
Tuomas Lunttila (until Nov. 2006)
Minja Mäkelä
Peter Tennekes
Maija Ylösmäki

Associated research staff Stephan Hotzel, Ph.D.
(Stuttgart, Germany)

Peter Johansson, Ph.D.
(University Observatory, Munich)

Petri Käpylä, Ph.D.
(NORDITA, Stockholm)

Mark Rawlings, Ph.D.
(JAC, Hawaii)

Petri Väisänen, Ph.D.
(SALT, South Africa)

2.1 Research activities

The activities of the research group are directed to the
following fields: (1) the formation of protostars in dense
molecular cloud cores; (2) the properties and evolution of
dust and molecular gas in interstellar clouds; (3) radia-
tive transfer and magnetohydrodynamic (MHD) mod-
elling of interstellar clouds and protostellar accretion
discs; (4) the optical and infrared extragalactic back-
ground radiation; (5) MHD-modelling of solar and active
late-type star convection and turbulent dynamos and re-
lated optical spectropolarimetric observations using in-
version methods.

The group uses ground-based and spaceborne opti-
cal/infrared, (sub)millimetre, and radio telescopes. Fin-
land became a member of ESO in 2004. In recent years
the ESO facilities have been of growing importance. The
group has succesfully performed several ESO/VLT ob-
serving programs (e.g., Kainulainen et al. 2007). Spe-
cial attention is paid to the 12-m Atacama Pathfinder
Experiment (APEX) and to the Atacama Large Millime-
tre Array (ALMA). APEX became publicly available in
2006. The group participated in the Science Verification
periods already in late 2005. This lead to the publication

of two A&A Letters in the APEX special issue (Haikala
et al. 2006; Harju et al. 2006). ALMA will start its
operation in 2010. The group has been well informed
about available ESO telescopes and facilities: Mattila is
since 2004 Finland’s representative in the ESO Council.
Haikala is since 2007 (after Tuominen) Finland’s repre-
sentative in the Scientific Technical Committee. Harju
is since 2004 member of the ALMA European Scientific
Advisory Committee.

During the past several years ESA’s Infrared Space
Observatory (ISO) has been important for the group.
The exploitation of the ISO data has continued inten-
sively, often in combination with near-IR and (sub)mm
data from ESO and other ground based telescopes such
as the Australian Telescope Compact Array, the Effels-
berg 100-m and the Onsala 20-m radiotelescopes, and
the 2.5-m Nordic Optical Telescope.

Based on its ISO experience, the group has been par-
ticipating in the relevant Planck Surveyor science pro-
jects. Among the other future ESA missions the group
is particularly well-prepared to make use of the Herschel
Space Observatory mission. Our plans also include ex-
panding and emphasizing our theoretical research of star
formation and interstellar cloud physics.

Spectropolarimetric observations of active late-type
stars using the high resolution Echelle spectrograph SO-
FIN at the Nordic Optical Telescope, La Palma, Spain,
have continued. The time series of the inverted surface
temperature maps from the spectroscopic mode already
extend over 16 years. Simultaneous local and global
MHD modelling and model development has been ac-
tively carried out, applications ranging from the solar
dynamo activity to the active rapid rotators followed up
by the observational programme, also including MHD
turbulence in accretion disks around pre- or protostellar
cores, and molecular clouds and star-forming regions in
galaxies.

2.2 Progress and highlights of scientific

results in 2006

(for references see the list of publications)

2.2.1 Prestellar ja protostellar objects

Small-size clouds of cold interstellar matter, so called
globules, are ideal targets for studying low-mass star
formation. In particular, the models of star formation
predict the density distribution for the core at the initial
stage of the collapse. The density distribution largely
determines the future evolution of the collapsing core.
Kainulainen, et al. (2007) have made a comparative
study of density distributions in two globules, one with
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star formation, and another without any sign of star for-
mation, using near-infrared data taken with the ISAAC
instrument at ESO’s Very Large Telescope. The study
has revealed a clear difference of density distributions in
these globules: while the density distribution of the star
forming globule can be well fitted with a single power-
law, the density distribution of the non star forming
globule flattens towards the center of the cloud. This
could be interpreted as the presence of significant addi-
tional support or very slow contraction.

The investigation of density profiles has been extended
into two morphologically similar cloud cores in the Cha-
maeleon region, one with a high rate and one with a low
rate of star-formation. The observations were made with
the ISAAC instrument at ESO’s VLT (Lehtinen, Kainu-
lainen, Mattila). Differences in radial density distribu-
tions between these cores. In addition, this deep survey
will probably reveal some hitherto unknown young stel-
lar objects inside these clouds.

Studies of the interaction between protostellar sys-
tems and their immediate surrounding ISM have been
made in previous years with the aid of high-resolution in-
terferometric radio contimuum observations at the Aus-
tralian Compact Array ATCA. Recently, interferometric
spectral line observations with ATCA have been used
to study the structures and velocity fields of circum-
protostellar gas and prestellar condensations in the Cha-
maeleon I and Corona Australis clouds (Harju et al., in
preparation). These observations are used to study the
dynamics of very early stages of protostellar collapse.

2.2.2 Chemical evolution of dense cores

The formation of dense cores of molecular clouds and
their dynamical behaviour are connected to the chemi-
cal evolution. In particular, the freezing-out of molecules
onto dust grains affects the cooling rate of the gas. Ni-
trogenous compounds like NH3 and N2H

+ can withstand
accretion onto dust grains up to very high densities. We
are using N-bearing molecules to study the interior parts
of dense prestellar and star-forming cores. Both single-
dish and interferometric telescopes (Effelsberg 100-m,
IRAM 30-m, Onsala 20-m and ATCA) are used for these
studies.

In very cold, dense regions, i.e. centres of gravita-
tional collapse, the zoo of spectrosopic tracers is likely
to become very limited. The deuterated H+

3 ion, H2D
+,

can be the only spectroscopic probe of these regions. The
detection of this molecule requires extremely good at-
mospheric conditions. The recently commissioned 12-m
APEX telescope (Atacama Pathfinder Experiment) is by
far the best telescope for observing H2D

+.In the course
of the APEX Science Verification observations in 2005
H2D

+ was detected in the massive core Ori B9 (Harju et
al. 2006). This detection is surprising in view of the fact

that the timescale of the chemistry leading to formation
H2D

+ is supposed to be much longer that of the dynam-
ical evolution of massive cores. The discovery opens new
vistas to the evolution preceding the collapse of massive
stars.

In 2006 (ESO Period 77) clear evidence for a very low
temperature inside a pre-stellar core was found in the
H2D

+ spectrum obtained with APEX. This discovery
confirms the prediction that the temperature decreases
to about 6 K inside embedded, starless cores due to the
attenuation of the interstellar radiation field (ISRF). We
have been able to model the the observed line profile us-
ing a hydrostatic core model with a temperature gradient
(so-called modified Bonnor-Ebert sphere, Harju, Juvela
et al., in preparation). The observed H2D

+ line puts
tight constraints on the physical properties of the core,
which in turn reflect the properties of the dust particles
and the ISRF. It can be foreseen that H2D

+ is becoming
one of the most important tools for studies dense cores
and early stellar evolution.

2.2.3 Molecular and dust continuum studies of

nearby star forming regions

Extensive molecular line observations and an 1.2mm dust
continuum map obtained with the SEST telescope com-
bined with new NIR imaging observations with the ESO/
NTT/SOFI instrument have been used to study the small
scale structure of the cometary globule CG 12. The
study reveals that instead of being a cometary globule
similar to those in the Gum nebula, CG 12 is actually an
active low and intermediate mass star formation region
which is in size comparable to other nearby star forma-
tion regions (Haikala et al. 2006, Haikala and Olberg
2007).

Submillimeter observations of CG12 in the C18O (3–
2) line were obtained during the APEX science verifica-
tion phase. A unique CO hot spot was detected near the
driving source of a highly collimated molecular outflow in
the cloud. The nature of this hot spot is still unclear but
its location on the axis of the outflow indicates that it
may be connected to the outflow phenomenon. A search
for similar sources in the direction of three molecular
outflows in the Orion B cloud was conducted at APEX
in the C18O (3–2) line but none was found. Even though
no hot spot was located the observations revealed a com-
pact warm source near the driving source of the HH92
outflow. The source is not apparent in an earlier C18O
(1–0) mapping of the object. This detection highlights
the usefulness of the C18O (3–2) observations.

NTT/SOFI near IR (J, H, Ks) imaging of a cold,
starless core in the CrA star forming region has been
continued with a second observing run. The data allows
to study the reddening of the stars seen through the core
and therefore also the cloud dust and H2 column density.
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The analysis of the data of this core, presumably still in
prestellar forming state, is ongoing and will be used to
study the cloud radial density structure. Strong, assym-
metric NIR surface brightness, possibly due to strong
radiation from the nearby cluster of young stars in the
centre of CrA, is also observed. Modelling the surface
brightness can be used as an independent method to
study the cloud density structure.

2.2.4 High mass star forming regions

As part of the investigation of the origin of the stel-
lar mass distribution, the so called initial mass function,
IMF, the group studies star formation in Giant Molecu-
lar Clouds (GMCs). This includes the study of physical
and chemical properties of massive GMC cores and their
relation to the phenomena which can be used to deter-
mine the evolutionary stage of a newly born massive star
(e.g. massive molecular outflows, molecular masers and
ultracompact HII regions). An extensive SiO, CH3CCH
and dust continuum survey towards massive cores was
published in 2006 (Miettinen et al. 2006). Miettinen’s
forthcoming studies concentrate on the details of the
birth of massive stars and the fragmentation of GMC
cores into cold subcondensations enabling also low-mass
star formation in these regions.

2.2.5 ISOPHOT and Hα studies of high latitude

clouds

The group has completed the analysis of an extensive
set of ISO data which resulted from the succesful Guar-
anteed and Open Time projects of the group. However,
the ISO data are by far not exhausted yet. ESA is sup-
porting in 2002–2006 the so-called ISO ’Active Archival
Phase’ during which the data, successfully collected dur-
ing the 2.5 years of operations, can be fully exploited.

Recent observations have indicated that the proper-
ties of dust grains change in cold, dense regions of dark
clouds, probably due to grain-grain coagulation. Our
study of the dark cloud L 1642 has given strong sup-
port for this hypotheses (Lehtinen et al. 2007). Dust
emissivity, measured by the ratio of far-infrared optical
depth to visual extinction τ(far-IR)/AV, increases with
decreasing dust temperature in L 1642. For the cloud
as a whole, there is about two-fold increase of emissivity
in the dust temperature range 19 K–14 K, from the edge
of the cloud to the center. Radiative transfer calcula-
tions show that an increase of absorption cross-section
of dust at far-IR is necessary to explain the observed de-
crease of dust temperature towards the centre of L 1642.
This temperature decrease cannot be explained solely by
the attenuation of interstellar radiation field. Increased
absorption cross-section manifests itself also as an in-
creased emissivity. Furthermore, we find that, due to

temperature effects, the apparent value of optical depth
τapp(far-IR), derived from 100 µm and 200 µm intensi-
ties, is always lower than the true optical depth. This
effect is not widely recognized, although it can have a
profound effect on the derived far-IR optical depths.

The ISO observations of the cloud L1780 were an-
alyzed, revealing clear differences in the spatial distri-
bution of different dust populations (Ridderstad et al.
2006). In order to quantify these dust abundance vari-
ations, detailed radiative transfer modelling of the ob-
servations was started (Ridderstad & Juvela, in prepa-
ration).

Bright emission nebulae, or HII regions, around hot
stars are readily seen in photographs. However, the all-
pervasive faint Hα emission has only recently been de-
tected and mapped over the whole sky. Mostly the Hα

emission observed along a line of sight is produced by
ionised gas in situ. There are, however, cases where all
or most of the Hα radiation is due to scattering by elec-
trons or dust particles which are illuminated by an Hα

emitting source off the line of sight. We have shown that
diffuse, translucent and dark dust clouds at high galactic
latitudes are in many cases observed to have an excess of
diffuse Hα surface brightness, i.e. they are brighter than
the surrounding sky. We have shown that the majority of
this excess surface brightness can be understood as light
scattered off the interstellar dust grains. The source of
incident photons is the general Galactic Hα background
radiation impinging on the dust clouds from all over the
sky. (Mattila, Juvela and Lehtinen, published in ApJL
2007)

2.2.6 Radiative transfer modelling

Work continued on the development of radiative trans-
fer tools for simulation of molecular lines and for the
analysis of light scattering and emission caused by inter-
stellar dust particles. The programmes for line transfer
were used to assist analysis of both old SEST and new
APEX observations of dense cloud cores (Tennekes et al.
2006, Haikala et al. et al. 2006). Scattered Hα light was
recently detected towards some dark clouds and studies
into this phenomenon were started with the help of radia-
tive transfer simulations. For the mapping of interstellar
clouds a new method was presented that is based on scat-
tering of near-infrared photons (Padoan, Juvela, Pelko-
nen 2006). The accuracy of the method was studied with
help of models that combined three-dimensional magne-
tohydrodynamical simulations of cloud structure and nu-
merical radiative transfer simulations (Juvela, Padoan,
Pelkonen, Mattila 2006). The method was found to be
reliable in the range AV = 1− 15 magnitudes. The find-
ing is important, because, with current near-infrared in-
struments, it is possible to map large cloud areas with
high, potentially even sub-arcsecond resolution. A pilot
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study was carried out using the WFCAM instrument at
UKIRT, Hawaii (Rawlings, Juvela et al.) and in summer
2006 the studies were continued with SOFI instrument
at ESO’s NTT telescope in Chile. The analysis of these
data was started in 2006. Currently near-infrared data
are being used to study giant molecular clouds also in
nearby galaxies. In those observations scattered light
and direct star light can no longer be separated from
each other. The main uncertainties are caused by the
fact that the location of clouds in relation to the illumi-
nating stars is poorly known. We have started studies
where three-dimensional models and radiative transfer
calculations are used to estimate the accuracy of the cur-
rently employed analysis methods (Kainulainen, Juvela,
Alves, 2007).

2.2.7 MHD phenomena: observations and mod-

elling

We have succesfully continued the investigation of the
magnetic field structure, especially the polarity of the
field in spots of two active longitudes, in active late-
type stars (detected earlier on by the group using sur-
face temperature maps and named as ”active star Hale
rule”). Spectroscopic observations, based on which sur-
face temperature maps have been inverted, were started
in 1991 with the high resolution spectrograph SOFIN at
the Nordic Optical Telescope, La Palma. The time se-
ries collected since is one of the few most extensive and
complete existing data sets to study long-term variabil-
ity (cycles) in active late-type stars. The work is done in
collaboration with astronomers in Uppsala, Sweden, and
Potsdam, Germany, most of the collaborators originally
having worked in Helsinki Observatory and/or Oulu Uni-
versity.

Simultaneously to the observations, global MHD mod-
els (MEFISTO, PENCIL-CODE; Korpi, Käpylä, Tuomi-
nen, Lindborg) have been developed and utilized, to be
able to investigate the transformation from solar-like dy-
namo activity to the activity seen in the active rapid
rotators. Local solar and stellar magnetoconvection has
also been intensively studied by the available computa-
tional tools (PhD project of Käpylä, thesis examined in
October), especially mapping the most important trans-
port coefficients as function of the angular velocity. This
has allowed us to construct crude global maps of the co-
efficients as functions of depth and latitude, and use this
information in the global dynamo calculations. These in-
vestigations have revealed interesting implications both
for the mean-field theories themselves, but also for the
dynamo theory predictions.

Motivated by the observational data of collapsing
prestellar cores, Liljeström carried out a theoretical MSc
project to investigate turbulence and angular momen-
tum transport in accretion disks around such objects.

Using the PENCIL-CODE in a local computational do-
main, the Reynolds and Maxwell stresses, directly re-
lated to the accretion rate, were calculated as functions
of the shear parameter describing the rotation law of
the disk. The results were compared to already exist-
ing linear studies of magnetorotationally generated tur-
bulence in accretion disks, and various closure models
attempting to parameterize the effects of the nonlinear-
ities in the regime of saturated MRI turbulence; none
of the models, however, succeed in explaining the accre-
tion rates in the nonlinear regime. The investigations
are currently being extended into global computational
domains modelling the whole disk, also including the
collapse-stage (Liljeströms PhD project). The inclusion
of self-gravity and ionization into the models describing
molecular cloud and accretion disk formation has also
been initialized (Korpi, Pelkonen, Liljeström).

2.2.8 Planck Surveyor Mission

Observatory is participating in the Planck satellite project
where our interest lies mainly in observations of thermal
dust emission. Planck will map dust emission over the
whole sky and will be particularly sensitive to cold dust
(Td < 15 K) that may have gone undetected by earlier
all-sky infrared surveys. Three Planck science projects
are coordinated by us: Cold Cores (Mattila), Local In-
terstellar Medium (Juvela), and Dust in Local Universe
Galaxies (Mattila). In the Cold Cores project the aim
is to locate and study dense and cold cloud cores that
are possible sites of future star formation. Work be-
gan on the development of source extraction algorithms
that could be used to identify cold cores from Planck
data. Preparations were started for a possible follow-
up where a smaller number of detected cores would be
mapped with higher resolution using the Herschel satel-
lite. The ISOPHOT Serendipity Survey could already
locate some cold cores. In a preparatory survey some
of these cores were observed in molecular lines and the
analysis of those observations continues. We have made
theoretical predictions for polarized dust emission de-
tectable by Planck (Pelkonen, Juvela & Padoan, 2007).
The work is based on the combination of magnetohydro-
dynamic simulations, radiative transfer calculations, and
models of dust properties. The polarization is caused by
grains aligned by interstellar magnetic fields. Polariza-
tion efficiency depends on radiation field which makes
the grains to spin around field lines. The work continues
with more realistic models where field anisotropies are
estimated with the help of radiative transfer simulations.
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2.2.9 Extragalactic Background Light

Using our understanding of the light scattering in dense
interstellar clouds of dust, we have been developing a
method for the detection of the optical extragalactic
background light. This so-called ”dark cloud method”
has been described e.g. in Mattila (1990, IAU Symp.
No. 139, p. 257). Based on our previous photometric
EBL observing program we have recently developed a
spectroscopic analogy for it. This new technique is also
based on the dark cloud technique as described above.
It utilizes the difference between the spectra of the dif-
fuse galactic scattered light (absoption line spectrum)
and the EBL (pure continuum spectrum with possible
discontinueties). For the spectroscopic observing pro-
gram we have recently received 20 hours observing time
at the ESO VLT/UT4 telescope, and the reductions and
analysis of these data have been started by Mattila and
Lehtinen during 2006.

Several recent papers claim the detection of a near
infrared extragalactic background light that exceeds the
integrated light of galaxies by a factor of > 3. When
combined with the claimed optical detection of the EBL
at 0.80 µm the EBL excess emission has been found to to
have a step at ∼ 1µm. This step has given rise to a num-
ber of theoretical interpretations, especially in terms of
ultraviolet radiation emanating from the first generation
of massive stars at redshifts of 7–20 (so called Population
III stars). The interpretation of the NIR excess emis-
sion as being of extragalactic origin depends crucially on
the model used in the subtraction of the Zodiacal Light,
the dominating foreground contaminant. If the Zodia-
cal Light is modelled consistently, using the same model
both for the NIR (1.25–4 µm) and optical (0.80 µm) data
there is no evidence for a step in the excess emission at
∼ 1µm (Mattila 2006).

2.3 External financing and resources

The letters refer to project numbers in the following way:
a – 81525002, b – 04525009, c – 1112020)

2006: Person-months of work: 80a, 26b, 18c

Academy of Finland: 135 000 ea, 134 000 eb,
70 000 ec

Graduate School for Astronomy and Space Phy-
sics: 30 500 e

Private foundations 6 500 e

University of Helsinki graduate student fund-
ing 29 000 e

2.4 Tests of learning

Käpylä, Petri

Local numerical modelling of magnetoconvec-
tion and turbulence - implications for mean-field
theories; PhD thesis 2006, University of Helsinki,
Department of Astronomy

Liljeström, Anne

M.Sc.-thesis: MRI MHD-turbulenssin lähteenä
kertymäkiekoissa – shearing box -mallinnos (MRI
as the source of MHD turbulence in accretion disks
– a shearing box study); 2006; University of Helsinki,
Department of Astronomy

Lunttila, Tuomas

M.Sc.-thesis: Valonsironta IRC+10216:n pö-
lykuoressa (Light scattering in the circumstellar
envelope of IRC+10216); 2006, University of Hel-
sinki, Department of Astronomy

Tennekes, Peter

M.Sc.-thesis: HCN and HNC study of the pro-
tostellar core Cha-MMS1; 2006, University of Hel-
sinki, Department of Astronomy

2.5 Visits abroad

Haikala, Lauri

Loran Eötvos University, Budapest, Hungary,
27.2.–3.3.2006, 5 days

ESO, La Silla Observatory, Chile, 25.6.–8.7.
2006, 14 days

Harju, Jorma

European Southern Observatory, Germany,
18.–20.1. 2006, 3 days

Onsala Rymdobservatorium, Sweden, 15.–18.3.
2006, 5 days

European Southern Observatory, Germany, 5.–
6.9. 2006, 1 day

Max-Planck-Institut für Radioastronomie, Ger-
many, 21.–24.10. 2006, 4 days

Juvela, Mika

ASF, Ischia, Italia, 18.–22.4.2006, 4 days

Rome, Italy, 10.–13.7.2006, 3 days

Konkoly Observatory, Hungary, 8.–12.8.2006,
4 days

IAU, Prague, Czech Republic, 14.–18.8.2006,
5 days
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European Science Foundation, Strasbourg,
France, 9.–12.9.2006, 3 days

CESR, Toulouse, France, 13.–16.12.2006,
4 days

Korpi, Maarit

NORDITA, Copenhagen, Denmark, 5.–15.03.
2006, 11 days

XXVIth IAU General Assembly, Prague, Czech
Republic, 17.–25.08.2006, 9 days

NORDITA, Stockholm, Sweden, 19.–22.09.
2006, 4 days

Mattila, Kalevi

Bern, ESO Committee of Council, Switzer-
land, 27.–28.2.2006, 2 days

European Southern Observatory, ESO Coun-
cil, Germany, 6.–7.6.2006, 2 days

ESO Council, München, Germany, 17.10.2006,
1 day

European Southern Observatory, ESO Coun-
cil, Germany, 5.–6.12.2006, 2 days

European ELT meeting, Marseille, France, 28.–
30.11.2006, 3 days

IAU General Assembly, Prague, Czech Repub-
lic, 16.–19.8.2006, 4 days

University of Lisbon, Portugal, 16.–18.7.2006,
3 days

Miettinen, Oskari

Onsala Rymdobservatorium, Sweden, 15.–19.3.
2006, 5 days

University of New Mexico, Albuquerque, NM,
10th Summer Synthesis Imaging Workshop, USA,
13.–20.6.2006, 8 days

Pelkonen, Veli–Matti

Planck Consortium meeting, Italy, 18.–22.4.
2006, 5 days

ESO observatory La Silla, Chile, 6.–17.8.2006,
12 days

Ridderstad, Marianna

Interstellar matter workshop ’Houches on Dust’,
Les Houches, France, 30.4.–5.5.2006, 6 days

Nordic Astrobiology meeting, Stockholm, Swe-
den, 8.–11.5.2006, 4 days

Tuominen, Ilkka

European Southern Observatory, Scientific
Technical Committee, Garching bei München, Ger-
many, 6-7.04.2006, 2 days

Astronomy & Astrophysics Board of Direc-
tors, ASTRON, Dwingeloo, Netherlands, 5-7.05.
2006, 2 days

Workshop on Torsional oscillations in the Sun,
NORDITA, Copenhagen, Denmark 31.5–02.06.2006,
3 days

XXVIth IAU General Assembly, Prague, Czech
Republic, 14.08–26.08.2006, National representa-
tive of Finland, Finance and Nominating Com-
mittee, representative of Finland, Symposium 239
Convection in astrophysics, chairman of a session,
13 days

2.6 Papers read at scientific conferences,

symposia, meetings etc.

Haikala, Lauri

”The high latitude low mass star forming re-
gion Cometary Globule 12: sequential star forma-
tion, two compact cores and a C18O hot spot”,
IAU-symposio 237 ja General Assembly, 13.–18.8.
2006, Prague, Czech Republic, poster

Harju, Jorma

”Glimpses into dense cores and the early stages
of star formation”, Bonn-Cologne-Firenze: 35 Years
of Molecular Astrophysics, A Colloquim in Hon-
our of Malcolm Walmsley’s 65th birthday, Max-
Planck-Institut für Radioastronomie, Germany, in-
vited talk

”H2D
+ as a tracer of prestellar cores”, Winter

School in Theoretical Chemistry, 11.–14.12.2006,
Chemicum, Helsinki, Finland, poster

Juvela, Mika

”High resolution mapping of interstellar clouds
by near-infrared scattering ”, XL Annual Confer-
ence of the Finnish Physical Society, 9.–11.3.2006,
Tampere, Finland

”Cold cores”, Planck work group 7 meeting,
19.4.2006, Ischia, Italy, invited talk

”Planck-Herschel Key Project on Cold Cores”,
Planck Science Team meeting, 11.7.2006, Rome,
Italy, invited talk

”Radiative transfer modeling of star forming
regions”, Interaction of stars with their environ-
ment, 10.8.2006, Visegrad, Hungary, invited talk

7



”High-resolution Mapping of Interstellar
Clouds with Near-Infrared Scattered Light”, IAU
Symposium 237, 14.–18.8.2006, Prague, Czech Re-
public, poster

Korpi, Maarit

”Effects Of Rotation And Input Energy Flux
On Convective Overshooting”, Convection in As-
trophysics, International Astronomical Union. Sym-
posium no. 239, Prague, Czech Republic, 21.–
25.08.2006, contributed talk

”On the nonaxisymmetricity of the sunspot
distribution: kinematic frame constructions and
their implications”, Solar and Stellar Activity Cy-
cles, 26th meeting of the IAU, Joint Discussion 8,
Prague, Czech Republic, 17.–18.08.2006, poster

”Alpha-Effect and Turbulent Pumping In The
Rapid Rotation Regime - Implications For Solar
Dynamo Models”, Solar and Stellar Activity Cy-
cles, 26th meeting of the IAU, Joint Discussion 8,
Prague, Czech Republic, 17.–18.08.2006

”ISSI dynamo benchmark results from ME-
FISTO”, ISSI-team meeting, Bern, Switzerland,
30.10–03.11.2006

Pelkonen, Veli–Matti

”Simulations of polarized dust emission”,
Planck Consortium Meeting, 18.–22.4.2006, Ischia,
Italy, poster

Ridderstad, Marianna

”Properties of dust in the high-latitude cloud
L1780: ISO observations and 3D modelling”, Work-
shop ”Dust from fundamental studies to astronom-
ical observations”, 30.4.–5.5.2006, Les Houches,
France, poster

2.7 Visiting academics

Korpi, Maarit and Tuominen, Ilkka

Käpylä, Petri, Phil. Lic., visiting researcher,
Kiepenheuer-Institut für Sonnenphysik, Freiburg,
Germany, 26.2.–4.3.2006, 7 days

Pelt, Jaan, PhD, Senior Research Associate,
Tartu Observatory, Estonia, 12.- 18.03.2006, 7 days

Käpylä, Petri, Phil. Lic., visiting researcher,
Kiepenheuer-Institut für Sonnenphysik, Freiburg,
Germany, 17.7.–21.7.2006, 5 days

Käpylä, Petri, Phil. Lic., visiting researcher,
Kiepenheuer-Institut für Sonnenphysik, Freiburg,
Germany, 11.10.–14.10.2006, 4 days

Ruzmaikin, Alexander, PhD, Principal scien-
tist, Jet Propulsion Laboratory, USA, 12.-15.10.
2006, 4 days

Mattila, Kalevi

Viktor Tóth Dr., University of Budapest, Hun-
gary, 20.–28.6.2006, 9 days

Ulrich Klaas, Dr., Max-Planck-Institut für As-
tronomie, Heidelberg, Germany, 29.10.–4.11.2006,
7 days

Tom Millar, Prof., Queens University, Belfast,
U.K., 12.12.2006, 1 day

2.8 Membership in scientific and schol-

arly societies

Harju, Jorma

European ALMA Science Advisory Commit-
tee, European Southern Observatory,

Finnish National Committee of URSI, Finland

Juvela, Mika

Organizing committee of IAU Division VI

Steering committee of the programme ASTRO-
SIM, European Science Foundation

Mattila, Kalevi

Odin Science Team, 1991–

ISO/ISOPHOT Consortium, 1991–

Planck LFI, 1998–

Finnish National Committee of Astronomy,
1973–

Onsala Space Observatory, time allocation com-
mittee

European Southern Observatory, Council

Ridderstad, Marianna

Finnish Astrobiology Network (FAN), Finland

Tuominen, Ilkka

European Southern Observatory, Scientific
Technical Committee

Astronomy & Astrophysics, Board of Direc-
tors

Finnish National Committee for Astronomy
(IAU), chair

Finnish Academy of Science and Letters
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2.9 Acting as Opponent and pre-

examinations of doctoral dissertations

Mattila, Kalevi

Faculty opponent, University of Lisboa, Ph.D.
thesis of J.M. Gonçalves, ”Continuum radiative
transfer in molecular cloud cores”, 17.7.2006

2.10 Refereeing and Other Publishing Ac-

tivities

Haikala, Lauri

Astrophysical Journal, referee

Harju, Jorma

Astronomy & Astrophysics, referee

Juvela, Mika

Astronomy & Astrophysics, referee

Monthly Notices of the Royal Astronomical
Society, referee

Astrophysical Journal, referee

Astrophysical Journal Letters, referee

Korpi, Maarit

Astrophysical Journal, referee

Astrophysical Journal Letters, referee

Mattila, Kalevi

Astronomy and Astrophysics, referee

Astrophysical Journal, referee

Monthly Notices of the R.A.S., referee

Tuominen, Ilkka

Astronomy & Astrophysics, referee

2.11 Observing campaigns

Harju, Juvela, Haikala, Lehtinen, Mattila, H2D
+

as a tracer of early stages of star formation, APEX
12-m, May 2006, 13.5 h

Juvela, Pelkonen, Ridderstad, Padoan, Measure-
ment of the near-infrared dust emission from dense
clouds, August 2006, ESO NTT/SOFI, 4 nights

Juvela, Rawlings, Padoan, Pelkonen, High reso-
lution mapping of interstellar clouds with near-
infrared scattered light: TMC-1, WFCAM/UKIRT,
December 2006–, 40h

Lehtinen, Kainulainen, Mattila, Comparing radial
density distributions in two dark cloud cores based
on near-infrared H and K-band imaging, February
2006, ESO VLT/ISAAC, 17.1 h

Lehtinen et al., Mapping of H2D
+ in dense and

cold protostellar cores of L183, APEX 12-m, May
2006, 11 h

Miettinen, Harju, Juvela, NH2D mapping of a mas-
sive, very cold core, Onsala 20-m, March 2006, 30 h

Tuominen, Korpi, Käpylä, Hackman, Lindborg, Ob-
serving runs at Nordic Optical Telescope, La Palma,
Spain, with the high resolution spectrograph SOFIN
(spectropolarimetric option) ”Magnetic field polar-
ity in active late-type stars” with shared nights
with other SOFIN observations 29.08–14.09.2006
and 01.12–10.12.2006.
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3 High Energy Astrophysics

Project number 91525005
Research agreements Academy of Finland

Tekes
Type of research Basic research, share: 50 %

Development work, share: 50 %
Director of research Docent Huovelin, Juhani

Telephone 19122948
Fax 19122952
E-mail Juhani.Huovelin@Helsinki.Fi
Senior (Ph.D. or higher) Pasi Hakala, Docent

Diana Hannikainen, Docent
Juhani Huovelin, Docent
Thomas Hackman, Ph.D.
Jukka Nevalainen, docent
Juho Schultz, Ph.D.
Osmi Vilhu, Docent

Ph.D. student(s) Lauri Alha, M.Sc.(Tech.)
Kristiina Byckling, M.Sc.
Linnea Hjalmarsdotter, M.Sc.
Tuomas Lehto, M.Sc.
Sami Maisala, M.Sc.
Panu Muhli, M.Sc.
Tero Oittinen, M.Sc.
Otto Solin, M.Sc.(Tech.)
Auni Somero, M.Sc.
Marko Ullgren, M.Sc.
Mikko Väänänen. M.Sc.

Students Jussi Ahoranta
Eero Esko
Karri Koljonen
Jukka-Pekka Saarikko

(Dept. of Physical Sciences)
Minttu Uunila

Associated scientists Juri Poutanen, professor (Oulu)

3.1 Introduction

The activities of high energy astrophysics research of
HESA (High Energy astrophysics and Space Astronomy)
are divided into two parts, fundamental science and de-
velopment of new instruments.

The first part consists of scientific return (guaran-
teed time) from the instrument projects (INTEGRAL,
SMART-1), complemented by data from other satellites
(e.g. XMM-Newton, HST, RXTE, Chandra, Suzaku)
and ground-based instruments (e.g. the Nancay and
Ryle radio telescopes, NOT). The second part is a con-
tinuation to the ongoing hardware projects including re-
search also in detector physics. The science topics ad-
dressed include accretion discs and superorbital periods
of low mass X-ray binaries, multifrequency behaviour of
microquasars, coronae and flaring in active stars and the
Sun, and clusters of galaxies, dark matter and cosmo-
logical parameters. In particular, the very broad spec-
tral coverage (INTEGRAL and the AGN-collaboration)
and the possibility for a very long monitoring (SMART-
1 cruise phase), coupled to sophisticated modeling, are
the key ingredients of the science programme.

The development of new instruments is a natural con-
tinuation to the ongoing projects, providing valuable ac-
cess to guaranteed time also in the future. The aim is to
utilise the advances in instrument performances carried

along with bigger telescopes, larger field-of-view and de-
creased noise of new systems in the future plans of ESA
(XEUS, LOBSTER). The specific improvements which
are meaningful are: (1) the huge enhancement of sen-
sitivity and spectral resolution with XEUS, which en-
ables studies of X-ray spectra of Galactic sources with
the same quality we nowadays can investigate the so-
lar corona, (2) almost full sky field-of-view in X-rays
with moderate spectral resolution (e.g. Lobster) giving
the freedom to select targets of interest and study their
temporal and spectral behaviour on all time scales from
seconds to months.

The systems under development are: (1) GaAs based
single element X-ray spectrometers, and space particle
sensors for ESA’s cornerstone mission BepiColombo
(SIXS, Solar Intensity X-ray and particle Spectrometer),
(2) metal surface processing for optical elements with the
ALD method for the BepiColombo X-ray telescope and
other potential space missions, (3) a position sensitive
gas-filled soft X-ray counter for astronomical use, based
on a new sensor foil, Gas Electron Multiplier (GEM), and
(4) powerful space instrument onboard data processor
unit (DPU) for future missions.

The activities of HESA have resulted in the comple-
tion of two space science instruments, and the success-
ful launches of the INTEGRAL and SMART-1 missions
with our working hardware onboard. The scientific use
of INTEGRAL has already resulted in a number of sci-
entific papers published in 2003–2006. SMART-1/XSM
has made effective observations of the Sun from March
2004 to the end of the mission on 3rd of September, 2006.
Several refereed papers on the instruments have already
been published, and several papers on solar coronal sci-
ence with very high quality data from XSM/SMART-1
are in preparation. At present, the scientific utilization
of INTEGRAL and SMART-1 continues. The SMART-1
mission was terminated in 2006. Observation programs
with other satellites (e.g. RXTE, XMM-Newton, Chan-
dra, Suzaku) and ground-based telescopes (e.g. NOT,
ESO, ATCA), were continued. The activities have also
evolved, and grown to a higher level of collaboration with
new plans for instruments and satellites, which combine
the expertise and experience of the group and its col-
laborators. The wide scientific and technological exper-
tise within this framework have made it possible to start
planning bigger contributions in international space sci-
ence programs (e.g. participation at the PI level in
the next ESA cornerstone mission BepiColombo) and
planned participation in future international space mis-
sions based on Lobster-eye (micro-channel) X-ray op-
tics and GEM-detectors. We are also involved at the
PI level in the India–ESA collaborative Moon mission
plan Chandaryaan-1 with an XSM similar to that of
SMART-1, and newly emerged (2005) collaborative plan
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Spectrum-X-Gamma/eROSITA/Lobster of Russia with
GEM-based detectors for Lobster and possibly also for
the Russian X-ray telescopes.

The group is also conducting development of science
analysis software, based on experience from participation
in the work in the Science Data Analysis Software Team
(SDAST) of JEM-X/INTEGRAL (1995–2003), and the
in-kind project ESO-Sampo for development of a pro-
totype science data analysis environment and workflow
engine for ESO (2004–2007). Future plans in this field
include also developing of data mining software in col-
laboration with several national organisations, Finnish
industry, and also ESO.

3.2 Science topics

3.2.1 Interacting compact binaries

The main aims of this research program are to study X-
ray binaries in novel ways. X-ray binaries are systems in
which a compact primary (black hole, neutron star, or in
the case of cataclysmic variables, white dwarf) accretes
matter from a non-degenerate companion. This matter
swirls around the compact object in an accretion disk
– the accretion disk is the main source of X-ray radia-
tion from X-ray binaries. X-ray binaries radiate at all
wavelengths, from the radio to the hard X-rays.

One aim of this research program is to study the num-
bers, structure and evolution of very short period binary
systems. These systems consist of a degenerate primary
star and a mass-losing secondary component that in the
ultra-short period systems is either a white dwarf or a
helium star. In systems with periods above about 80
minutes the donor can also be a main sequence star.
These systems are also the main source of gravitational
radiation to be measured for the first time by some fu-
ture mission like ESA’s and NASA’s joint project LISA.
These systems are crucial in verifying the theory of gen-
eral relativity. We also intend to continue developing
new data modeling techniques for accretion process stud-
ies (i.e. probing the structure and shape of accretion
disks). These include combining Doppler tomography of
disks with lightcurve modeling.

Another important aspect of this research program is
to disentangle and thus decipher the high energy spec-
tra of accreting low mass X-ray binaries. This is done
through a truly physical (as opposed to largely phe-
nomenological) model and observations from e.g. INTE-
GRAL where our group is a Co-I team and major radio
telescopes. We expect to explain many of the phenom-
ena related to accretion – the accretion disk, a corona
(or plasma cloud) surrounding the central parts of the
accretion disk (and hence the compact accretor which is
usually a black hole), and possible outflows seen as bipo-
lar jets in the case of ”microquasars”, which are observed

in the radio. Based on simultaneous multiwavelength
observations of one of the more notorious microquasars,
GRS 1915+105, we are proposing various scenarii for
the accretion-ejection mechanism in this highly variable
source.

3.2.2 The solar corona

The aim of this research is to disentangle the properties
of the hot solar corona by analysing the X-ray spectra ob-
tained with our own instruments flying on-board space
missions, like XSM/SMART-1. The hot corona of the
Sun radiates strongly in X-rays. The solar corona ex-
hibits in apparently random intervals very strong erup-
tions, which are called flares. Big flares are associated
with strong enhancement of electromagnetic emission in
all wavelengths, and large amounts of accelerated ener-
getic particles. The eruptions occur most frequently and
they are strongest on average during Sunspot maximum.
In solar flares and also generally in the solar corona the
radiation in X-rays dominates, which is due to the high
temperature of the ionized gas (plasma).

Our research aims at clarifying the physical mech-
anism of the eruptions by examining the X-ray spec-
trum and its variation during flares, and by compari-
son between different flares. Also time behaviour over
longer time span is studied with the aim of studying
the changes of the properties of solar corona during the
Sunspot (11 years) cycle. The methods include develop-
ing improved theoretical models based on extensive new
very high quality spectroscopic X-ray data.

The observations of the Sun are made with X-ray in-
struments on-board satellites. The most important of
the instruments is the Finnish XSM X-ray spectrometer
on the ESA’s SMART-1 satellite, where the group has
the PI position. In addition, data from the RHESSI and
the GOES satellites are used as complementary sources
of information. SMART-1 operations in ended Septem-
ber 2006. More similar data is expected from by a Finnish
solar monitor on the Indian Chandrayaan-1 mission
(launch scheduled in 2008), and later, especially, with
the Finnish solar monitor SIXS on ESA’s BepiColombo,
both of which are projects lead by the HESA group.

The data will give enable obtaining a thorough new
insight in understanding electromagnetic processes and
X-ray emission mechanisms in hot coronal plasma of the
Sun, and will also form a basis in producing a realistic
model database for modeling the X-ray spectra of other
stars, with the aim of understanding their coronae.

3.2.3 Clusters of galaxies

We utilise the high resolution imaging and spatially re-
solved spectroscopy of the X-ray emission of the hot in-
tracluster gas. We carry out analysis of the cluster data
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obtained with XMM-Newton, Chandra and Suzaku X-
ray satellites. Our research aims in characterizing ther-
mal and non-thermal processes in the clusters of galax-
ies. In particular, we examine the ”soft X-ray excess”
phenomenon. We use the above results to determine
the distribution of baryonic and dark matter in clusters.
This enables the study of the large scale structure of the
Universe and its evolution.

A complementary observational tool for obtaining
these goals is the Sunyaev-Zeldovich effect on the Cosmic
Microwave Background, due to the clusters of galaxies.
This effect will be measured very accurately by the ESA
Planck satellite to be launched in 2008. We joined the
Planck project Working Group 5 and participated in the
core program proposal writing.

The calibration uncertainties complicate the physi-
cal interpretation of data from different high energy in-
stuments. In order to advance this field, we joined the
International Astronomical Consortium for High Energy
Calibration, which aims at supervising cross-calibration
efforts between different X-ray missions. This is neces-
sary for the aim of providing calibration standards for
current and future high energy missions.

3.3 The ESO-Sampo project

ESO-connected activities have also begun effectively since
the beginning of Finland’s membership in 2004. The Ob-
servatory leads the University of Helsinki share of the
Finnish in-kind project for partial payment of the en-
trance fee to ESO. The project, called ”ESO-Sampo”,
conducts development of science data analysis environ-
ment for ESO, with four IT professionals working full
time in the period 1.1.2005–31.12.2007 in a Tekes-funded
project at the Observatory, University of Helsinki. The
Observatory has also the chairman of the national Finnish
Astronomical Advisory Group (FAAG) for this project.
The Observatory has also participated actively in the
preparation of national technology return from ESO to-
gether with other research organisations and industrial
companies in Finland. These have already lead to plans
to join EU-funded network proposals with ESO in the
area of IT-technology (data mining), and national level
consortium for data mining development with participa-
tion from at least CSC – Scientific Computing Ltd., the
Finnish Meteorological Institute, and Helsinki Institute
of Information Technology.

3.4 External financing and resources

2006: Man-months of work: 155

Academy of Finland: 227 000 e

National Technology Agency: 1 618 000 e

Foundations: 16 000 e

3.5 Tests of learning

Somero, Auni

M.Sc.-thesis: XMM-Newton observations of
X1822-371: phase-resolved and high resolution spec-
tral studies; 2006; University of Helsinki, Depart-
ment of Astronomy

Koljonen, Karri

M.Sc.-thesis: Spectral studies of Cygnus X-3;
2006; University of Helsinki, Department of As-
tronomy

3.6 Visits abroad

Alha, Lauri

EGU meeting, Austria, 6.–7.4.2006, 2 days

RAL, Oxford, Critical Design Review of the
Indian Chandrayaan-1 X-ray Solar Monitor, U.K.,
18.–20.12.2006, 3 days

Hackman, Thomas

Nordic Optical Telescope Stragegy Meeting,
Copenhagen, Denmark, 8–10.11.2006, 3 days

Hannikainen, Diana

ESA–ESTEC, the Netherlands, 30.5.–2.6.2006,
4 days

University of Stockholm, Sweden, 18.–22.6.
2006, 5 days

University of Pisa, Italy, 2.–6.7.2006, 5 days

University of Utrecht, the Netherlands, 22.–
24.11.2006, 3 days

University of Stockholm, Sweden, 12.–14.12.
2006, 3 days

Huovelin, Juhani

ESTEC, BepiColombo SWG meeting, The Ne-
therlands, 7.–8.3.2006, 2 days

EGU annual meeting; Wien, Austria, 3.–7.4.
2006, 5 days

ESO SAMPO project meeting, Germany, 23.3.
2006, 1 day

EGU general meeting; Wien, Austria, 4.–5.4.
2006, 2 days

University of Patras, Axion research meeting
and visit, Greece, 13.–20.5.2006, 8 days

ESTEC, ESA BepiColombo mission prepara-
tion meeting, the Netherlands, 14.–15.6.2006, 2 days

(continued)
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BepiColombo SWT meeting, Padova, Italy, 25.–
28.9.2006, 4 days

ESO STC meeting, Garching, Germany, 22.–
24.10.2006, 3 days

ESTEC, BepiColombo SWG meeting, The Ne-
therlands, 29.11.–1.12.2006, 3 days

ESO Sampo team Annual Review, Germany,
7.–8.12.2006, 2 days

Maisala, Sami

ESO, Garching, Sampo-team meeting, Ger-
many, 22.–23.3.2006, 2 days

ESO, Garching, Sampo-team meeting, Ger-
many, 13.–14.6.2006, 2 days

ADASS XVI; Tucson, AZ, USA, 14.–24.10.2006,
11 days

ESO, Garching, ESO/FORS instrument inter-
active software planning, Germany, 20.–23.11.2006,
4 days

ESO/Sampo team Annual Review 2006; Garch-
ing, Germany, 7.–8.12.2006, 2 days

Muhli, Panu

ESO/VLT, Chile, 11.–19.6.2006, 8 days

Nevalainen, Jukka

International Space Science Institute, Switzer-
land, 30.10.–3.11.2006, 5 days

Oittinen, Tero

ESO/Garching, Sampo Team Meeting, Ger-
many, 22.–23.3.2006, 2 days

ESO/Garching, Sampo Team Meeting, Ger-
many, 13.–14.6.2006, 2 days

ADASS XVI; Tucson, AZ, USA, 14.–24.10.2006,
11 days

ESO Annual Review 2006; Garching, Germany,
7.–8.12.2006, 2 days

Solin, Otto

ADASS XVI conference, Tucson, AZ, USA,
15.–18.10. 2006, 4 days

ESO SAMPO project research visit to ESO
headquarters in Garching, Germany, 20.–23.11.2006,
4 days

ESO SAMPO project Annual Review at ESO
headquarters in Garching, Germany, 7.–8.12.2006,
2 days

Somero, Auni

NordForsk Summer School on Observational
Astrophysics, La Palma, Canary Islands, Spain,
27.6.–8.7.2006, 12 days

Nordic Optical Telescope, La Palma, Canary
Islands, Spain, 25.–31.7.2006, 7 days

IAC XVIII Winter School, Emission line uni-
verse, Teneriffa, Canary Islands, Spain, 19.11.–2.12.
2006, 14 days

Tyynelä, Jani

ESO HQ, Garching, Germany, 7.–8.12.2006, 2
days

Ullgren, Marko

ESO, Germany, 22.–23.3.2006, 2 days

ESO, Germany, 23.–25.5.2006, 3 days

ESO (Opticon N.3.6 network meeting), Ger-
many, 12.–13.6.2006, 2 days

ADASS XVI conference Tucson, AZ, USA, 14.–
24.10.2006, 11 days

ESO, Germany, 7.–8.12.2006, 2 days

Väänänen, Mikko

RHESSI 2006 workshop, Paris, France, 4.–8.4.
2006, 5 days

SPD Summer School; UNH, New Hampshire,
USA, 13.–26.6.2006, 14 days

3.7 Papers read at scientific conferences,

symposia, meetings etc.

Hannikainen, Diana

”Superluminal jets from the black hole GRS
1915+105 and its X-ray/gamma-ray radiation”,
XL Annual Conference of the Finnish Physical So-
ciety, 9.–11.3.2006, Tampere, Finland

”Microquasars: radio to X-rays”, Finnish As-
tronomical Association, Astronomer’s Day 2006,
19.5.2006, Helsinki, Finland, invited talk

Huovelin, Juhani

“Spaceborn X-ray observations of the Sun and
sky background: Analysis of data from the XSM
onboard SMART-1”. Joint ILIAS-CAST-CERN
Axion Training Workshop, Patras, Greece, 18.-20.5.
2006, invited talk

Maisala, Sami

”Using a workflow engine for data reduction”,
ADASS 2006, 15.–18.10.2006, Tucson, AZ, U.S.A.,
poster
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”FORS interactive tools”, ESO/Sampo-team
annual review 2006, 7.–8.10.2006, Garching, ESO,
Germany,

Nevalainen, Jukka

”XMM-Newton and Chandra observations of
emission from the WHIM”, Non-virialized X-ray
components in clusters of galaxies, 30.10.2006, In-
ternational Space Science Institute, Bern, Switzer-
land, invited talk

Oittinen, Tero

”ESO Software”, HESA seminar, 15.3.2006,
Helsinki, Observatory, Finland

”The ESO Reflex”, ADASS XVI, 15.–18.10.
2006, Tucson, AZ, U.S.A., poster

Ullgren, Marko

”Using a Workflow Engine for Data Reduc-
tion”, Astronomical Data Analysis Software & Sys-
tems XVI, 17.10.2006, Tucson, AZ, U.S.A.,

”Using a Workflow Engine for Data Reduc-
tion”, Astronomical Data Analysis Software & Sys-
tems XVI, 17.10.2006, Tucson, AZ, U.S.A., poster

3.8 Membership in scientific and schol-

arly societies

Hackman, Thomas

Nordic Optical Telescope, Observing Program-
mes Committee

Nordic Optical Telescope, Instrument User
Group for High Resolution Optical Spectroscopy,
chair

Hannikainen, Diana

International Workshop on Radiation Imaging
Detectors, scientific committee

INTEGRAL Time Allocation Committee

XMM-Newton evaluation panel

Huovelin, Juhani

Finnish Physical Society, Astro and Space Phy-
sics Division, chair

Finnish COSPAR Committee, board member

Finnish Graduate School of Astronomy and
Space Physics

Tuorla observatory, board member

Academy of Finland, international evaluator
pool

3.9 Acting as Opponent and pre-

examinations of doctoral dissertations

Hannikainen, Diana

Juan Antonio Zurita Heras: ”Individual Stud-
ies of newly (re-)discovered Galactic Sources: a
Study with INTEGRAL and XMM-Newton”, Uni-
versity of Geneva, February 2006, Switzerland, op-
ponent

3.10 Refereeing and Other Publishing Ac-

tivities

Hannikainen, Diana

Radiation Imaging Detectors 2006, referee

Huovelin, Juhani

Earth Planets Space (Japan), referee
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4 Planetary System Research

Project number 02525008
Research agreements Academy of Finland
Type of research Basic research
Director of research Docent Muinonen, Karri

Telephone 19122941
Fax 19122952
E-mail Karri.Muinonen@Helsinki.Fi
Research staff with a Ph.D. Karri Muinonen, Docent

Kari Lumme, Prof
Evgenij Zubko, Ph.D.

Phd student(s) Mikael Granvik, M.Sc.
Jyri Näränen, M.Sc.
Hannu Parviainen, M.Sc.
Antti Penttilä, M.Sc.
Jari Rantala, M.Sc.
Johanna Torppa, M.Sc.
Jani Tyynelä, M.Sc.

Students Onni Järvinen
Jarkko Niemelä
Hannakaisa Erkkilä
Jani-Matti Hätinen
Tatjana Tchumatchenko

Associated scientists Timo Nousiainen, Docent
Jukka Piironen, Docent
Jenni Virtanen, Ph.D.

4.1 Research activities

Studies at the Planetary-System Research -group (PSR)
at the University of Helsinki Observatory entail physical
and mathematical modeling, inverse problems, and as-
tronomical observations. Astronomical observations are
carried out using modern groundbased telescopes (VLT
Very Large Telescope at ESO Paranal, NOT Nordic Op-
tical Telescope on La Palma) and spacebased instru-
ments (e.g., SMART-1/AMIE), and preparations are un-
derway for observations aboard future spacecraft (e.g.,
BepiColombo, Gaia). The inverse problems divide into
the development of methods and the interpretation of
astronomical observations, focusing on asteroid orbits,
spins, and shapes, including the asteroid identification
problem. In physical modeling, both theoretical and
experimental advances are being made. As to theory,
the research is focused on scattering and absorption of
light by single small particles and by particulate media,
and the celestial mechanics of the few-body problem.
As to experiments, PSR runs a scatterometer for light-
scattering measurements near the backward-scattering
geometry mimicking astronomical opposition.

In 2006, PSR researchers have continued their ba-
sic research in the fields of light scattering and radiative
transfer and asteroid orbital inversion and identification.
Results have been applied to cosmic dust in order to un-
derstand the physical properties of those small particles.
The same methods have also been applied to certain in-
dustrial products like pigments in paper coatings. Nu-
merical techniques have been further developed for co-
herent backscattering by media of small particles. The
techniques have been applied to explain asteroid pho-
tometric and polarimetric observations. there has been

progress in the development of asteroid orbit computa-
tion techniques for Gaia.

4.2 Progress

Virtanen et al. (2006) assessed the asteroid impact haz-
ard by evaluating collision orbits for the near-Earth ob-
ject 2004 AS1 at its discovery moment. In the review by
Virtanen (2006), the challenges in orbit determination
for the next generation surveys were discussed.

Cellino et al. (2006) described the concept for a
near-Earth object radiometric observatory (NERO). The
proposed NERO mission s dedicated to physical char-
acterization and discovery of objects that are difficult
to detect from the ground, in particular, objects orbit-
ing entirely inside the Earth’s orbit. Ranging technique,
applied on simulated data, was shown to provide rea-
sonable orbital uncertainties based on short-arc satellite
data only, an important result as follow-up observations
from the ground are in general not possible.

Muinonen et al. (2006) provided a new Monte Carlo
method for the inverse problem of asteroid orbits using
moderate observational arcs. The method complements
the Ranging technique suitable for exiguous data and
the standard least-squares technique for extensive astro-
metric data. The method has been put to practise and
tested, for example, during the observing campaigns for
asteroid astrometry and photometry at the Nordic Op-
tical telescope in 2004–2006.

Penttilä et al. (2006) applied the light scattering sim-
ulations in the field of paper coatings by studying the
scattering efficiency of starch acetate pigments of differ-
ent sizes and packing densities. Penttilä et al. (2006;
St. Petersburg meeting) also compared different exact
light scattering simulation methods and several discrete
dipole approximation (DDA) based methods in terms
of accuracy and computing efficiency, and tested some
statistical clustering and classification methods together
with asteroid polarimetric data.

Josset et al. (2006; under 8.1 and 8.2) and Cerroni et
al. (2006) published technological aspects, lunar science
objectives, and first results from the SMART-1/AMIE
camera. Tyynelä and Muinonen (2006) studied inverse
methods for retrieving lunar surface topography from vi-
sual images. The methods were to be applied to AMIE
images using lidar/radar topographic data. Muinonen
(2006) developed an inverse method for deriving sta-
tistical shape parameters for small-particle silhouettes.
Tatjana Tchumatchenko (2006; Diploma Thesis, Darm-
stadt Technical University, Germany), advised by K.
Muinonen, developed inverse methods for retrieving lu-
nar crater rim profiles and their statistical shape param-
eters from AMIE images. Intriguing first results were
obtained for the fractal dimension of the lunar rim pro-
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files.
Parviainen and Muinonen (2006) studied light scat-

tering from self-affine random rough surfaces using the
ray-optics approximation. A method of horizon march-
ing was introduced to accelerate the first-order scattering
simulations from surfaces represented as single-connected
single-valued functions. Emphasis was given to the geo-
metric shadowing effects as a function of surface rough-
ness, especially, to the azimuthal rough-surface shadow-
ing effect.

Muinonen and Zubko (2006) studied the optimiza-
tion of the DDA for identically shaped scatterers with
only slightly differing sizes or refractive indices. They
showed that substantial savings of computing time could
be achieved by initializing the conjugate-gradient solver
for the linear group of equations by using existing DDA
solutions for the electric fields inside the scattering parti-
cle. Zubko et al. (2006) studied collective backscattering
effects for agglomorated debris particles.

Muinonen et al. (2006) carried out a systematic study
of light scattering by Gaussian random particles using
DDA, bringing up the longitudinal internal electric field
component as a potential contributor to the polarization
characteristics of single particles. Zubko et al. (2006)
studied the effects of interference on the scattering prop-
erties of irregularly shaped particles, focusing in on whe-
ther coherent backscattering could be responsible for
the backscattering effects detected for irregular particles.
Using DDA as well, Nousiainen and Muinonen (2006)
carried out a systematic study of scattering by harmonic
Gaussian particles, focusing in on the effects of surface
roughness.

Using polarimetric observations at VLT/ESO com-
bined with theoretical modeling by PSR, Bagnulo et
al. (2006) carried out a study of the surface charac-
teristics of certain transneptunian objects (TNOs) and
the Centaur Chiron. The coherent-backscattering mod-
eling successfully explains the observations of differing
polarimetric phase dependences. The ESO polarimetric
observations of TNOs at VLT continue steadily in the
Large Program entitled ”Transneptunian objects: char-
acterization of surface properties” spanning two years.
Cellino et al. (2006) published polarimetric observations
for main-belt asteroid (243) Barbara, suggesting an ex-
ceptionally large inversion angle exceeding 30 degrees.
They analyzed briefly the potential causes for the large
inversion angle but singled out no definitive explanation.

Laakso et al. (2006) introduced a numerical scheme
for quantifying the small-body scattering efficiency of
a given giant-planet system. The scheme monitors the
flow of small bodies that cross the Habitable Zone. In
preliminary applications, they found that the method
is robust and can be used in comparative analyses of
planetary systems.

Torppa et al. (2006) developed a realistic three-
dimensional shape model for potato tubers of several
varieties (see Figure opposite to page 13). They con-
cluded that the overall dimension of the tuber shapes
were well described by a triaxial ellipsoid model, whereas
the more detailed surface features could be captured us-
ing the Gaussian-random-sphere geometry.

Finally, PSR participated in observational gamma-
ray burst and supernova research through target-of-op-
portunity programs at the NOT. Our observations were
published in several research papers.

In 2006, Planetary-System Research published alto-
gether 24 articles in either refereed scientific journals or
collected/conference publications.

4.3 External financing and resources

2006: Man-months of work: 100

Academy of Finland, ’Physical and Dynamical
Studies of Planetary-System Objects’: 40 000 e

Academy of Finland, ’Mercury, Lunar and So-
lar Science with BepiColombo and SMART-1: X-
ray fluorescence from small-particle media’:
42 800 e

Academy of Finland, ’Coherent backscatter-
ing by complex random media’: 3 820 e

European Commission, ’European Leadership
in Space Astrometry’ (ELSA)’: 3 000 e

4.4 Tests of learning

Parviainen, Hannu

M.Sc.-thesis: Ray tracing model for light scat-
tering from self-affine random rough surfaces; 2006;
University of Helsinki, Department of Astronomy

Järvinen, Onni

M.Sc.-thesis: Bidirectional reflectance-distri-
bution function observations and measurements for
icy solar-system satellites; 2006; University of Hel-
sinki, Department of Astronomy

4.5 Visits abroad

Granvik, Mikael

Gaia CU4 kick-off meeting, Brussels, Belgium,
2.–5.4.2006, 4 days

IAU XXVI General Assembly, Prague, Czech
Republic, 13.–25.8.2006, 13 days

DPS06 meeting, Pasadena, CA, USA, 7.–13.10.
2006, 7 days
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Lowell observatory, Flagstaff, AZ, USA, 14.–
21.10.2006, 7 days

ELSA meeting, Lund, Sweden, 22.–25.11.2006,
4 days

Lumme, Kari

Remote Sensing workshop, Tartu, Estonia, 18.–
20.4.2006, 3 days

Muinonen, Karri

ESA/ESTEC, BepiColombo Mercury Plane-
tary Orbiter Science Working Group meeting, the
Netherlands, 7.–9.3.2006, 2 days

University of Brussels, Gaia Coordination Unit
4 meeting, Belgium, 3.–5.4.2006, 3 days

European Geosciences Union (EGU) meeting,
Austria, 5.–8.4.2006, 3 days

NEO Impact Hazard meeting, Italy, 25.–29.4.
2006, 5 days

Electromagnetic and Light Scattering meet-
ing, Russia, 4.–10.6.2006, 7 days

IAU XXVI General Assembly, Czech Repub-
lic, 13.–19.8.2006, 7 days

University of Leicester, Mercury Imaging X-
Ray Spectrometer (MIXS) Consortium meeting,
U.K., 11.–14.9.2006, 4 days

University of Padova, BepiColombo Science
Working Team meeting, Italy, 25.–28.9.2006, 4 days

University of Athens, Gaia Coordination Unit
4 meeting, Greece, 24.–26.10.2006, 2 days

University of Amsterdam, the Netherlands, 26.–
27.4.2006, 2 days

University of Lund, European Leadership in
Space Astrometry meeting, Sweden, 22.–25.11.2006,
4 days

ESA/ESTEC, BepiColombo Mercury Plane-
tary Orbiter Science Working Group meeting, the
Netherlands, 29.11.–1.12.2006, 3 days

Näränen, Jyri

ESTEC, the Netherlands, 21.–24.3.2006, 4 days

EGU general assembly, Austria, 4.–8.4.2006,
5 days

Nordic Optical Telescope, Spain, 29.5.–5.6.2006,
8 days

IAU General Assembly, Czech Republic, 13.–
18.8.2006, 6 days

Niels Bohr Institute, Denmark, 8.–10.11.2006,
3 days

Penttilä, Antti

Saint-Petersburg State University, Russia, 5-
9.6.2006, 5 days

University of Tartu, Estonia, 18-20.4.2006, 3
days

Virtanen, Jenni

Transneptunian Objects: dynamical and phy-
sico-chemical properties; Catania, Italy; 1.–9.7.2006,
8 days

4.6 Papers read at scientific conferences,

symposia, meetings etc.

Granvik, Mikael

”Three-Dimensional Solar System with Gaia:
Asteroid Orbits, Spins and Shapes ”, XL Annual
Conference of the Finnish Physical Society, 9.–11.3.
2006, Tampere, Finland, poster

”Near-Earth-Object Identification Over Ap-
paritions”, Near Earth Objects, Our Celestial Neigh-
bors: Opportunity and Risk, 13.–18.8.2006, Prague,
Czech Republic

”Linking Exiguous Asteroid Observation Sets
Over Apparitions”, DPS06 meeting, 7.–13.10.2006,
Pasadena, CA, U.S.A., poster

Muinonen, Karri

”Three-dimensional solar system with Gaia:
asteroid orbits, spins, and shapes”, XL Annual
Conference of the Finnish Physical Society, 9.–11.3.
2006, Tampere, Finland, poster

”Statistical inversion of surface topography
from SMART-1/AMIE -images using lidar/radar
topographic data”, XL Annual Conference of the
Finnish Physical Society, 9.–11.3.2006, Tampere,
Finland, poster

”Inversion of lunar surface topography
from SMART-1/AMIE -images”, European Geo-
sciences Union, General Assembly 2006, 2.–7.4.2006,
Wien, Austria

”Inversion for near-Earth-object orbits, spins,
shapes, and surface properties”, Near-Earth Ob-
jects: Knowledge and Action, 26.–28.4.2006, Bel-
girate, Italy

”Modelling crater shapes with Gaussian ran-
dom spheres”, irst International Conference on Im-
pact Cratering in the Solar System, 8.–12.5.2006,
ESA/ESTEC, Noordwijk, the Netherlands, poster

”Inversion of small-particle silhouettes for
Gaussian-sphere parameters”, 9th Conference on
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Electromagnetic and Light Scattering by Nonspher-
ical Particles: Theory, Measurements, and Appli-
cations, 5.–9.6.2006, Saint-Petersburg, Russia,
poster

”Discrete-dipole light-scattering simulations
for Gaussian particles with power-law covariance”,
9th Conference on Electromagnetic and Light Scat-
tering by Nonspherical Particles: Theory, Mea-
surements, and Applications, 5-9.6.2006, Saint-Pe-
tersburg, Russia

”Discrete-dipole light-scattering simulations for
harmonic Gaussian particles”, 9th Conference on
Electromagnetic and Light Scattering by Nonspher-
ical Particles: Theory, Measurements, and Appli-
cations, 5.–9.6.2006, Saint-Petersburg, Russia,
poster

”Effects of interference on the backscattering
properties of irregularly shaped particles using
DDA”, 9th Conference on Electromagnetic and
Light Scattering by Nonspherical Particles: The-
ory, Measurements, and Applications, 5-9.6.2006,
Saint-Petersburg, Russia

”Comparison between discrete-dipole and ex-
act techniques”, 9th Conference on Electromag-
netic and Light Scattering by Nonspherical Par-
ticles: Theory, Measurements, and Applications,
5-9.6.2006, Saint-Petersburg, Russia, poster

”Inverse methods for retrieving surface topog-
raphy from visual images”, 9th Conference on Elec-
tromagnetic and Light Scattering by Nonspheri-
cal Particles: Theory, Measurements, and Applica-
tions, 5-9.6.2006, Saint-Petersburg, Russia, poster

”Ray-tracing light-scattering model for ran-
dom rough surfaces”, 9th Conference on Electro-
magnetic and Light Scattering by Nonspherical Par-
ticles: Theory, Measurements, and Applications,
5-9.6.2006, Saint-Petersburg, Russia

”Detection and characterization of near-Earth
objects by means of visual and thermal IR observa-
tions from space”, NASA Workshop: Near-Earth
Object Detection, Characterization, and Threat
Mitigation, 26.–29.6.2006, Vail, CO, U.S.A., poster

”TNO orbit computation: analysing the ob-
served population”, International Workshop, Trans-
neptunian Objects, Dynamical and Physical Prop-
erties, 3.–7.7.2006, Catania, Italy

”Peculiar orbits in the Centaur and transnep-
tunian populations”, International Workshop,
Transneptunian Objects, Dynamical and Physical
Properties, 3.–7.7.2006, Catania, Italy, poster

”Physical and dynamical properties of near-
Earth objects from Nordic NEON”, IAU XXVIth

General Assembly, 14.–25.8.2006, Prague, Czech
Republic

”Near-Earth-object identification over appari-
tions”, IAU XXVIth General Assembly, 14.–25.8.
2006, Prague, Czech Republic

”X-ray scattering and emission from solar-
system regoliths”, IAU XXVIth General Assembly,
14.–25.8.2006, Prague, Czech Republic

”Small-body surface exploration by remote ob-
servations”, Rosetta/PHILAE Science Team meet-
ing, 4.–6.9.2006, Helsinki, Finland, invited talk

”Linking exiguous asteroid observation sets
over apparitions”, 38th Division for Planetary Sci-
ences Meeting (DPS), 8.–13.10.2006, Pasadena, CA,
U.S.A., poster

”X-ray fluorescence modeling for Mercury: Ef-
fects of viewing geometry, particle size, and surface
roughness”, BepiColombo Mercury Planetary Or-
biter Science Working Group meeting, 29.–30.11.
2006, Noordwijk, ESA/ESTEC, the Netherlands

Näränen, Jyri

”X-ray fluorescence simulations from Solar-
System regoliths: Effects of volume fraction and
particle size distribution”, IAU General Assembly,
13.–18.8.2006, Prague, Czech Republic, poster

Penttilä, Antti

”Asteroid taxonomy and polarization”, 9th
Conference on Electromagnetic and light scatter-
ing from nonspherical objects, 5-9.6.2006, Saint-
Petersburg, Russia

”Comparison between discrete dipole and ex-
act techniques”, 9th Conference on Electromag-
netic and light scattering from nonspherical ob-
jects, 5-9.6.2006, Saint-Petersburg, Russia, poster

”Review of opposition (hot spot) effect, coher-
ent backscattering and the use of the DDA method
in”, Remote sensing workshop, 18-20.4.2006, Tartu,
Estonia

Tyynelä, Jani

”Statistical inversion of surface topography
from SMART1/AMIE images using lidar/radar to-
pographic data”, XL Annual Conference of the Finn-
ish Physical Society, 9.–11.3.2006, Tampere, Fin-
land, poster

”Inverse methods for retrieving surface topog-
raphy from visual images”, 9th Electromagnetic
and Light Scattering Conference, 5.–9..6.2006, Saint-
Petersburg, Russia, poster
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Virtanen, Jenni

”TNO orbit computation: analysing the ob-
served population”, Transneptunian Objects: dy-
namical and physico-chemical properties; Catania,
Italy; 3.–7.7.2006, 8 days

4.7 Visiting academics

Muinonen, Karri

Lagerkvist, Claes-Ingvar, Dr., Visiting Senior
Scientist, Uppsala University, Sweden, 22.5.2006,
1 day

Videen, Gorden, Dr., Visiting Senior Scientist,
University of Amsterdam, the Netherlands, 26.7.–
8.8.2006, 12 days

Tchumatchenko, Tatjana, student, research as-
sistant, Darmstadt Technical University, Germany,
20.2.–23.8.2006, 185 days

Lagerkvist, Claes-Ingvar, Dr., Visiting Senior
Scientist, Uppsala University, Sweden, 19.12.2006,
1 day

Warell, Johan, Dr., Visiting Scientist, Uppsala
University, Sweden, 19.12.2006, 1 day

4.8 Membership in scientific and schol-

arly societies

Muinonen, Karri

International Astronomical Union, Commis-
sion 15 Organizing Committee, 2006

International Astronomical Union, Working
Group on Near-Earth Objects, 2006

International Astronomical Union, Working
Group on Comets and Distant Objects, 2006

ELSA Steering Committee (European Leader-
ship in Space Astrometry), 1.10.2006–, Sweden

International Astronomical Union, Task Group
on Asteroid Magnitudes, 2006–

International Astronomical Union, Task Group
on Asteroid Polarimetric Albedo Calibration, 2006–

Näränen, Jyri

Finnish Astronomical Association, 05/2006–
05/2007, Finland, chair

4.9 Acting as Opponent and pre-

examinations of doctoral dissertations

Muinonen, Karri

Ali Nadir Arslan: ”Microwave Models of Snow
Characteristics for Remote Sensing”, Helsinki Uni-
versity of Technology, 29.8.2006, Finland, pre-exam-
ination

4.10 Refereeing and Other Publishing Ac-

tivities

Granvik, Mikael

Celestial Mechanics and Dynamical Astron-
omy, referee

Proceedings of IAU Symposium #236: ”Near
Earth Objects, our Celestial Neighbors: Opportu-
nity and Risk”, referee

Muinonen, Karri

Electromagnetic and Light Scattering by Non-
spherical Particles: Theory, Measurements, and
Applications, 2006, Russia, referee

Journal of Quantitative Spectroscopy and Ra-
diative Transfer, referee

Astronomy & Astrophysics, referee

Advances in Space Research, referee

Advances in Geosciences (Asian-Oceanian Geo-
sciences Society), Singapore, referee

Icarus, referee

Penttilä, Antti

Journal of Quantitative Spectroscopy and Ra-
diative Transfer, referee
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5 Lectures in 2006

Course (English) Course (Finnish)
spring term

approbatur
Universe now Maailmankaikkeus nyt (lectured in English)
Basics of observational astronomy I Havaitsevan tähtitieteen peruskurssi I
Basic astronomy Tähtitieteen perusteet
Practical methods in astronomy Tähtitieteen käytännön menetelmiä

cum laude
Basic astrophysics Astrofysiikan peruskurssi
Celestial mechanics Taivaanmekaniikka
Galaxies and cosmology Galaksit ja kosmologia

laudatur
Methods in data analysis Data-analyysin menetelmät
Space astronomy Avaruustähtitiede (lectured in English)
Numerical methods in in astronomy Tähtitieteen numeeriset menetelmät
Scattering of light by small particles II Valon sironta pienhiukkasista
Astrochemistry Astrokemia

other
Introduction to astrobiology Johdatus astrobiologiaan
Philosophy and semiotics of thinking Ajattelun filosofiaa ja semiotiikkaa

seminars
Astrophysics seminar: the birth and Astrofysiikan seminaari: tähtien ja

evolution of stars and galaxies, galaksien synty ja kehitys,
exoplanets eksoplaneetat

Planetary system research seminar Planeettakunnan tutkimusseminaari
Research seminar on accreting compact Kompaktit kaksoistähdet ja aktiiviset

objects, AGN, the Sun and galaksinytimet, Aurinko ja
active stars aktiiviset tähdet

autumn term

approbatur
Universe now Maailmankaikkeus nyt (lectured in Finnish)
Basics of observational astronomy II Havaitsevan tähtitieteen peruskurssi II
Basic astronomy Tähtitieteen perusteet

cum laude
Stellar structure and evolution Tähtien rakenne ja kehitys
Physics of the solar system Aurinkokunnan fysiikka
Mathematical methods in astronomy I Tähtitieteen matemaattiset menetelmät I

laudatur
Roentgen analysis of galaxy groups Galaksijoukkojen röntgenanalyysi
Practical methods in numerical MHD Numeerisen MHD:n käytännön menetelmät
Scattering of light by small particles I Valonsironta pienhiukkasista I

seminars
Astrophysics seminar: the birth and Astrofysiikan seminaari: tähtien ja

evolution of stars and galaxies, galaksien synty ja kehitys,
exoplanets eksoplaneetat

Planetary system research seminar Planeettakunnan tutkimusseminaari
Research seminar on accreting compact Kompaktit kaksoistähdet ja aktiiviset

objects, AGN, the Sun and galaksinytimet, Aurinko ja
active stars aktiiviset tähdet

Seminar on extragalactic astronomy Ekstragalaktisen tähtitieteen ja
and cosmology kosmologian seminaari
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6 Library

Librarian Eva Isaksson, M.Sc.
E-mail library@astro.helsinki.fi

6.1 Bibliometric Studies

The use of bibliometric indicators has been on the rise, as
science administrators are finding effective ways to eval-
uate research. However, there has been lack of compre-
hensive data. The librarian has collected and analyzed
a corpus of all 910 refereed papers, published in 1995–
2005 by astronomers affiliated with one of the four major
astronomy institutes in Finland (University of Helsinki
Observatory; Tuorla Observatory; Astronomy Division,
University of Oulu; Metsähovi Radio Observatory).

Science administrators prefer the widely used ISI Web
of Science, while astronomers use the Astrophysics Data
System (ADS). A comparison between these two reveals
that both give approximately similar results for this data
corpus.

An overview of the results can be found at
http://www.astro.helsinki.fi/library/biblio/

6.2 LISA V Participation

The Library and Information Services in Astronomy (LI-
SA) conferences, arranged every 4th year, bring together
astronomy librarians, publishers and information spe-
cialists from all over the world. The librarian has been
active in the LISA V conference that took place in Cam-
bridge, MA in June 2006, serving in the scientific orga-
nization committee and as editor of the conference pro-
ceedings, published by the Astronomical Society of the
Pacific. The Väisälä Foundation supported the confer-
ence attendance with a travel grant.

6.3 Visits abroad

Isaksson, Eva

Harvard university / MIT, LISA V conference,
USA, 18.–21.6.2006, 4 days

6.4 Papers read at scientific conferences,

symposia, meetings etc.

Isaksson, Eva

”Bibliometric evaluation of Finnish astronomy”,
Library and Information Services in Astronomy
(LISA) V, 18.–21.6.2006, Cambridge, MA, poster

”Poster review”, Library and Information Ser-
vices in Astronomy (LISA) V, 20.6.2006, Cambridge,
MA, U.S.A., review talk

6.5 Membership in scientific and schol-

arly societies

Isaksson, Eva

Library and Information Services in Astron-
omy (LISA) V, Scientific Organizing Committee,
2004–2006

6.6 Refereeing and Other Publishing Ac-

tivities

Isaksson, Eva

Library and Information Services in Astron-
omy (LISA) V proceedings, ASP conference series,
editor

Where do Finns publish? In A&A (43%); ApJ(11%);

MNRAS(10%); Icarus, AJ, IAU Symp. (3% each); JQSRT,

CeMDA, AdSpR, ApSS, P&SS, EM&P (2% each); and others

(15%)
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7 Publications

7.1 Articles in refereed journals

1. Bagnulo, S.; Boehnhardt, H.; Muinonen, Karri; Ko-
lokolova, L.; Belskaya, I.; Barucci, M. A.: Exploring
the surface structure of transneptunian objects and
Centaurs with polarimetric FORS1/VLT observations.
Astron. Astrophys. 450 (2006): 1239–1248.

2. Cellino, A.; Belskaya, I. N.; Bendjoya, Ph.; Di Mar-
tino, M.; Gil-Hutton, R.; Muinonen, Karri; Tedesco,
E. F.: The strange polarimetric behaviour of asteroid
(234) Barbara. Icarus 180 (2006): 565–567.

3. Cellino, A.; Somma, R.; Tommasi, L.; Paolinetti, R.;
Muinonen, Karri; Virtanen, Jenni; Tedesco, E. F.;
Delbò, M.: NERO: General concept of a Near-Earth
object Radiometric Observatory. Advances in Space
Research 37 (2006): 153–160.

4. Foing B.H.; Racca G.D.; Marini A.; Evrard E.; Stag-
naro L.; Almeida M.; Koschny D.; Frew D.; Zender
J.; Heather J.; Grande M.; Huovelin, Juhani; Keller
H.U.; Nathues A.; Josset J.L.; Malkki A.; Schmidt W.;
Noci G.; Birkl R.; Iess L.; Sodnik Z.; McManamon P.:
SMART-1 mission to the Moon: Status, first results
and goals. Advances in Space Research 37 (2006): 6–
13.

5. Fynbo, J. P. U.; Starling, R. L. C.; Ledoux, C.; Wier-
sema, K.; Thoene, C. C.; Sollerman, J.; Jakobsson, P.;
Hjorth, J.; Watson, D.; Moller, P.; Rol, E.; Gorosabel,
J.; Näränen, Jyri; Wijers, R. A. M. J.; Bjoernsson,
G.; Castro Cerón, J. M.; Curran, P.; Hartmann, D. H.;
Holland, S. T.; Jensen, B. L.; Levan, A. J.; Limousin,
M.; Kouveliotou, C.; Nelemans, G.; Pedersen, K.; Prid-
dey, R. S.; Tanvir, N. R.; Vreeswijk, P.: Probing Cos-
mic Chemical Evolution with Gamma-Ray Bursts:
GRB060206 at z=4.048. Astron. Astrophys. 451
(2006): L47–L50.

6. Gänsicke, B. T.; Rodŕıguez-Gil, P.; Marsh, T. R.; de
Martino, D.; Nestoras, J.; Szkody, P.; Aungwerojwit,
A.; Barros, S. C. C.; Dillon, M.; Araujo-Betancor,
S.; Arévalo, M. J.; Casares, J.; Groot, P. J.; Kolb,
U.; Lázaro, C.; Hakala, Pasi; Mart́ınez-Pais, I. G.;
Nelemans, G.; Roelofs, G.; Schreiber, M. R.; van den
Besselaar, E.; Zurita, C.: A ZZ Ceti white dwarf in
SDSSJ133941.11+484727.5. Monthly Not. RAS 365
(2006): 969–976.

7. Haikala, LauriK.; Juvela, Mika; Harju, Jorma;
Lehtinen, Kimmo K.; Mattila, Kalevi; Dumke,
M.: C18O (3–2) observations of the Cometary Globule
CG 12: a cold core and a C18O hot spot. Astron.
Astrophys. 454 (2006): L71–L74.

8. Hannikainen, Diana; Wu, K.; Stevens, J. A.; Vil-
hu, Osmi; Rodriguez, J.; Hjalmarsdotter, Linnea;
Hunstead, R. W.: Microquasars: What do radio and
X-ray observations tell us? Chin. J. Astron. Astro-
phys. 6 (2006): 269–278.

9. Harju, Jorma; Haikala, Lauri; Lehtinen, Kim-
mo K.; Juvela, Mika; Mattila, Kalevi; Mietti-
nen, Oskari; Dumke, M.; Güsten, R.; Nyman, L.-Å.:
Detection of H2D+ in a massive prestellar core in Orion
B. Astron. Astrophys. 454 (2006): L55–L58.

10. Josset, J.-L.; Beauvivre, S.; Cerroni, P.; de Sanctis,
M. C.; Pinet, P.; Chevrel, S.; Langevin, Y.; Barucci,
M. A.; Plancke, P.; Koschny, D.; Almeida, M.; Sod-
nik, Z.; Mancuso, S.; Hofmann, B. A.; Muinonen,
Karri; Shevchenko, V.; Shkuratov, Yu.; Ehrenfreund,
P.; Foing, B. H.: Science objectives and first results
from the SMART-1/AMIE multicolour micro-camera.
Advances in Space Research 37 (2006): 14–20.

11. Juvela, Mika; Pelkonen, Veli–Matti; Padoan, P.;
Mattila, Kalevi: High-resolution mapping of inter-
stellar clouds with near-infrared scattered light. As-
tron. Astrophys. 457 (2006): 877–889.

12. Kainulainen, Jouni; Lehtinen, Kimmo K.; Har-
ju, Jorma: The ratio of N(C18O) and AV in Cha-
maeleon I and III-B. Using 2MASS and SEST. Astron.
Astrophys. 447 (2006): 597–607.

13. Käpylä, Petri; Korpi, Maarit; Ossendrijver, M.;
Stix, M.: Magnetoconvection and dynamo coefficients.
III. α-effect and magnetic pumping in the rapid rota-
tion regime. Astron. Astrophys. 455 (2006): 401–412.

14. Käpylä, Petri; Korpi, Maarit; Ossendrijver, M.;
Tuominen, Ilkka: Local models of stellar convection.
III. The Strouhal number. Astron. Astrophys. 448
(2006): 433–438.

15. Käpylä, Petri; Korpi, Maarit; Tuominen, Ilk-
ka: Solar dynamo models with α-effect and turbulent
pumping from local 3D convection calculations. As-
tron. Nachrichten 327 (2006): 884–894.

16. Laakso, T.; Rantala, Jari; Kaasalainen, M.: Gravita-
tional scattering by giant planets. Astron. Astrophys.
456 (2006): 373–378.

17. Mattila, Kalevi: The 1-m discontinuity in the extra-
galactic background light spectrum: an artefact of fore-
ground subtraction. Monthly Not. R.A.S.372 (2006):
1253–1258.

18. Miettinen, Oskari; Harju, Jorma; Haikala, Lau-
riK.; Pomrén, Cajus: SiO and CH3CCH abundances
and dust emission in high-mass star-forming cores. As-
tron. Astrophys. 460 (2006): 721–731.

19. Muinonen, Karri; Zubko, E.: Optimizing the discrete-
dipole approximation for identically shaped scatterers
with differing sizes or refractive indices. Journal of
Quantitative Spectroscopy and Radiative Transfer 100
(2006): 288–294.

20. Muinonen, Karri; Virtanen, Jenni; Granvik, Mi-
kael; Laakso, T.: Asteroid orbits using phase-space
volumes of variation. Monthly Notices of the Royal
Astronomical Society 368 (2006): 809–818.

21. Padoan, P.; Cambrésy, L.; Juvela, Mika; Kritsuk,
A.; Langer, W. D.; Norman, M. L.: Can We Trust
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the Dust? Evidence of Dust Segregation in Molecular
Clouds. Astrophys. J. 649 (2006): 807–815.

22. Padoan, P.; Juvela, Mika; Kritsuk, A.; Norman, M.
L.: The Power Spectrum of Supersonic Turbulence in
Perseus. Astrophys. J. 653 (2006): L125–L128.

23. Padoan, P.; Juvela, Mika; Pelkonen, Veli–Mat-
ti: High-Resolution Mapping of Interstellar Clouds by
Near-Infrared Scattering. Astroph. J. 636 (2006): L101–
L104.

24. Paizis, A.; Farinelli, R.; Titarchuk, L.; Courvoisier,
T. J.-L.; Bazzano, A.; Beckmann, V.; Frontera, F.;
Goldoni, P.; Kuulkers, E.; Mereghetti, S.; Rodriguez,
J.; Vilhu, Osmi: Average hard X-ray emission from
NS LMXBs: observational evidence of different spec-
tral states in NS LMXBs. Astron. Astrophys. 459
(2006): 187–197.

25. Pelt, J.; Brooke, J. M.; Korpi, Maarit; Tuominen,
Ilkka: Kinematic frames and ”active longitudes”: does
the Sun have a face? Astron. Astrophys. 460 (2006):
875–885.

26. Penttilä, Antti; Lumme, Kari; Kuutti, L.: Light
scattering efficiency of starch acetate pigments as a
function of size and packing density. Applied Optics
45 (2006): 3501–3509.

27. Ramsay, Gavin; Cropper, Mark; Hakala, Pasi: XMM-
Newton and Chandra observations of the ultra-compact
binary RX J1914 + 24. Monthly Not. RAS 367 (2006):
L62

28. Ramsay, G.; Groot, P. J.; Marsh, T.; Nelemans, G.;
Steeghs, D.; Hakala, Pasi: XMM-Newton observa-
tions of AM CVn binaries: V396 Hya and SDSS J1240-
01. Astron. Astrophys. 457 (2006): 623–627.

29. Ridderstad, Marianna; Juvela, Mika; Lehtinen,
Kimmo K.; Lemke, D.; Liljeström, T.: Properties of
dust in the high-latitude translucent cloud L1780. I.
Spatially distinct dust populations and increased dust
emissivity from ISO observations. Astron. Astrophys.
451 (2006): 961–971.

30. Sollerman, J.; Jaunsen, A. O.; Fynbo, J. P. U.; Hjorth,
J.; Jakobsson, P.; Stritzinger, M.; Féron, C.; Laursen,
P.; Ovaldsen, J.-E.; Selj, J.; Thöne, C. C.; Xu, D.;
Davis, T.; Gorosabel, J.; Watson, D.; Duro, R.; Ilyin,I.;
Jensen, B. L.; Lysfjord, N.; Marquart, T.; Nielsen, T.
B.; Näränen, Jyri; Schwarz, H. E.; Walch, S.; Wold,
M.; Östlin, G.: Supernova 2006aj and the associated
X-ray Flash 060218. Astron. Astrophys. 454 (2006):
503–509.

31. Soria, R.; Fender, R. P.; Hannikainen, Diana; Read,
A. M.; Stevens, I. R.: An ultraluminous X-ray micro-
quasar in NGC5408?. Monthly Not. RAS 368 (2006):
1527

32. Southworth, John; Gänsicke, B. T.; Marsh, T. R.; de
Martino, D.; Hakala, Pasi; Littlefair, S.; Rodŕıguez-
Gil, P.; Szkody, P.: VLT/FORS spectroscopy of faint
cataclysmic variables discovered by the Sloan Digital
Sky Survey. Monthly Not. R.A.S. 373 (2006): 687–
699.

33. Tennekes, Peter; Harju, Jorma; Juvela, Mika;
Tóth, L. V.: HCN and HNC mapping of the protostel-
lar core Chamaeleon-MMS1. Astron. Astrophys. 456
(2006): 1037–1043.

34. Torppa, Johanna; Valkonen, J. P. T.; Muinonen,
Karri: Three-dimensional stochastic shape modelling
for potato tubers. Potato Research 49 (2006): 109–
118.

35. Virtanen, Jenni; Muinonen, Karri: Time evo-
lution of orbital uncertainties for impactor candidate
2004 AS1. Icarus 184 (2006): 289–301.

36. Watson, D.; Fynbo, J. P. U.; Ledoux, C.; Vreeswijk,
P.; Hjorth, J.; Smette, A.; Andersen, A.C.; Aoki, K.;
Augusteijn, T.; Beardmore, A. P.; Bersier, D.; Cas-
tro Cerón, J.M.; D’Avanzo, P.; Diaz-Fraile, D.; Goros-
abel, J.; Hirst, P.; Jakobsson, P.; Jensen, B. L.; Kawai,
N.; Kosugi, G.; Laursen, P.; Levan, A.; Masegosa, J.;
Näränen, Jyri; Page, K. L.; Pedersen, K.; Poza-
nenko, A.; Reeves, J. N.; Rumyantsev, V.; Shahbaz,
T.; Sharapov, D.; Sollerman, J.; Starling R. L. C.; Tan-
vir, N.; Torstensson, K.; Wiersema, K.: A logNHI =
22.6 Damped LyAlpha Absorber in a Dark Gamma-
Ray Burst: The Environment of GRB 050401. Astro-
phys. J. 652 (2006): 1011–1019.

37. Zioutas, K.; Dennerl, K.; Grande, M.; Hoffmann, DHH;
Huovelin, Juhani; Lakic, B.; Orlando, S.; Ortiz, A.;
Papaevangelou, Th; Semertzidis, Y.; Tzamarias, Sp;
Vilhu, Osmi: Indirect signatures for axion(-like) par-
ticles. Journal of Physics: Conference Series 39 (2006):
103–106.

38. Zubko, E.; Shkuratov, Yu.; Muinonen, Karri; Videen,
G.: Collective effects by agglomerated debris parti-
cles in the backscatter. Journal of Quantitative Spec-
troscopy and Radiative Transfer 100 (2006): 489–495.

7.2 Papers in conference publications and

compilations

1. Budtz-Jœrgensen, C.; Lund, N.; Westergaard, N. J.;
Brandt, S.; Oxborrow, C. A.; Chenevez, J.; Rasmussen,
I. Lundgaard; Laursen, S.; Pedersen, S. M.; Polny, J.;
Kretschmar, P.; Vilhu, Osmi; Feroci, M.; Frontera,
F.; Juchnikowski, G.; Reglero, V.; Mart́ınez-Núnez, S.;
Larsson, S.; Zdziarski, A.; Fahmy, S.: JEM-X: three
years in space. Space Telescopes and Instrumentation
II: Ultraviolet to Gamma Ray, Ed. Turner, Martin J.
L.; Hasinger, Günther. Proceedings of the SPIE 6266
(2006): 62662Z.

2. Cerroni, P.; de Sanctis, M. C.; Josset, J.-L.; Beauvivre,
S.; Koschny, D.; Pinet, P.; Chevrel, S.; Langevin, Y.;
Barucci, M. A.; Plancke, P.; Almeida, M.; Hofmann,
B. A.; Muinonen, Karri; Shevchenko, V.; Shkura-
tov, Yu.; Ehrenfreund, P.; Foing, B. H.: Preliminary
Analysis of Colour Information from AMIE on Smart-
1. 37th Annual Lunar and Planetary Science Confer-
ence, March 13-17, 2006, League City, Texas, abstract
no. 1831.
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3. Foing B.H., Grande M., Huovelin, Juhani, et al.:
ESA’s SMART-1 mission: lunar science results after
one year. 37th Annual Lunar and Planetary Science
Conference, March 13–17, 2006, League City, Texas,
1920.pdf.

4. Hook, R. N. ; Maisala, Sami; Oittinen, Tero; Ull-
gren, Marko; Vasko, K.; Savolainen, V.; Lindroos, J.;
Anttila, M.; Solin, Otto; Moller, P.; Banse, K.; Peron,
M.: PyMidas – A Python Interface to ESO-MIDAS.
Astronomical Data Analysis Software and Systems XV,
ASP Conference Series 351 (2006): 343–346.

5. Huovelin, Juhani: Progress in Space Science Re-
search: Space Weather. Space Science: New Research,
ed. N.S. Maravell, New York: Nova Science Publishers
Inc, 2006, 329–351.

6. Josset, J.-L.; Beauvivre, S.; Cerroni, P.; de Sanctis,
M. C.; Pinet, P.; Chevrel, S.; Langevin, Y.; Barucci,
M. A.; Plancke, P.; Koschny, D.; Almeida, M.; Sod-
nik, Z.; Mancuso, S.; Hofmann, B. A.; Muinonen,
Karri; Shevchenko, V.; Shkuratov, Y.; Ehrenfreund,
P.; Foing, B. H.: SMART-1/AMIE Camera System.
37th Annual Lunar and Planetary Science Conference,
March 13-17, 2006, League City, Texas, abstract no.
1847

7. Muinonen, Karri: Inversion of small-particle silhou-
ettes for Gaussian-sphere parameters. 9th Conference
on Electromagnetic and Light Scattering by Nonspher-
ical Particles: Theory, Measurements, and Applica-
tions, Book of Abstracts, N. Voshchinnikov, Ed. (Saint-
Petersburg, Russia, June 5–9, 2006), 203–206.

8. Muinonen, Karri; Zubko, E.; Shkuratov, Yu. G.;
Videen, G.: Discrete-dipole light-scattering simulations
for Gaussian particles with power-law covariance. 9th
Conference on Electromagnetic and Light Scattering
by Nonspherical Particles: Theory, Measurements, and
Applications, Book of Abstracts, N. Voshchinnikov,
Ed. (Saint-Petersburg, Russia, June 5–9, 2006), 207–
210.

9. Nousiainen, T.; Muinonen, Karri: Discrete-dipole
light-scattering simulations for harmonic Gaussian par-
ticles. 9th Conference on Electromagnetic and Light
Scattering by Nonspherical Particles: Theory, Mea-
surements, and Applications, Book of Abstracts, N.
Voshchinnikov, Ed. (Saint-Petersburg, Russia, June
5–9, 2006), 211–214.

10. Parviainen, Hannu; Muinonen, Karri: Ray-tracing
light-scattering model for random rough surfaces. 9th
Conference on Electromagnetic and Light Scattering
by Nonspherical Particles: Theory, Measurements, and
Applications, Book of Abstracts, N. Voshchinnikov,
Ed. (Saint-Petersburg, Russia, June 5–9, 2006), 219–
222.

11. Pelkonen, Veli–Matti; Juvela, Mika; Padoan, P.:
Simulations of polarized dust emission. Proceedings of
”CMB and Physics of the Early Universe” (CMB2006).
20–22 April 2006, Ischia, Italy. Eds. De Zotti et al.,
48–51.

12. Penttilä, Antti: Asteroid taxonomy and polariza-
tion. Proceedings of the 9th Conference on Electro-
magnetic and Light Scattering by Nonspherical Parti-
cles: Theory, Measurements and Applications. Saint-
Petersburg, Russia, 223–226.

13. Penttilä, Antti; Zubko, E.; Lumme, Kari; Mui-
nonen, Karri; Yurkin, M.; Hoekstra, A.: Compari-
son between discrete-dipole and exact techniques. 9th
Conference on Electromagnetic and Light Scattering
by Nonspherical Particles: Theory, Measurements, and
Applications, Book of Abstracts, N. Voshchinnikov,
Ed. (Saint-Petersburg, Russia, June 5–9, 2006), 227–
230.

14. Tedesco, E. F.; Cellino, A.; Delbo, M.; Muinonen,
Karri: Detection and characterization of near-Earth
objects by means of visual and thermal IR observa-
tions from space. In NASA Workshop: Near-Earth
Object Detection, Characterization, and Threat Miti-
gation, Vail, Colorado, June 26-29, 2006, 10 pp.

15. Tchumatchenko, T.; Muinonen, Karri: The
SMART-1 AMIE Science Team: Modelling crater sha-
pes with Gaussian random spheres. In 40th ESLAB,
First International Conference on Impact Cratering in
the Solar System, ESA/ESTEC, 08-12 May 2006, Pro-
ceedings, 203–207.

16. Tyynelä, Jani; Muinonen, Karri: Inverse meth-
ods for retrieving surface topography from visual im-
ages. 9th Conference on Electromagnetic and Light
Scattering by Nonspherical Particles: Theory, Mea-
surements, and Applications, Book of Abstracts, N.
Voshchinnikov, Ed. (Saint-Petersburg, Russia, June
5–9, 2006), 259–262.

17. Zubko, E.; Shkuratov, Yu. G.; Videen, G.; Mui-
nonen, Karri: Effects of interference on the back-
scattering properties of irregularly shaped particles us-
ing DDA. 9th Conference on Electromagnetic and Light
Scattering by Nonspherical Particles: Theory, Mea-
surements, and Applications, Book of Abstracts, N.
Voshchinnikov, Ed. (Saint-Petersburg, Russia, June
5–9, 2006), 287–290.
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8 Academic degrees after 1995

1995 Ph.D. Pasi Hakala
1995 Ph.D. Juri Poutanen
1995 M.Sc. Diana Hannikainen
1996 Ph.Lic. Päivi Harjunpää
1997 Ph.D. Mika Juvela
1997 M. Sc. Thomas Hackman
1997 M.Sc. Asko Palviainen
1998 Ph.D. Kimmo Lehtinen
1999 Ph.D. Diana Hannikainen
1999 Ph.D. Jukka Piironen
1999 M.Sc. Jere Kahanpää
1999 M.Sc. Juho Schultz
1999 M.Sc. Johanna Torppa
1999 M.Sc. Jenni Virtanen
2000 Ph.D. Jukka Nevalainen
2001 Ph.D. Petri Väisanen
2001 M.Sc. Peter Johansson
2003 Ph.D. Sanna Kaasalainen
2003 M.Sc. Mikael Granvik
2003 M.Sc. Jyri Näränen
2003 M.Sc. Cajus Pomrén
2003 M.Sc. Kyösti Ryynänen
2003 M.Sc. Jani Tyynelä
2004 M.Sc. Jouni Kainulainen
2004 M.Sc. Jari Rantala
2005 Ph.D. Thomas Hackman
2005 Ph.D. Jenni Virtanen
2005 M.Sc. Kristiina Byckling
2005 M.Sc. Oskari Miettinen
2006 Ph.D. Päivi Harjunpää
2006 Ph.D. Petri Käpylä
2006 Ph.D. Juho Schultz
2006 M.Sc. Onni Järvinen
2006 M.Sc. Tuomas Lehto
2006 M.Sc. Anne Liljeström
2006 M.Sc. Tuomas Lunttila
2006 M.Sc. Hannu Parviainen
2006 M.Sc. Auni Somero

M.Sc. Ph.Lic. Ph.D.
1995 1 – 2
1996 – 1 –
1997 2 – 1
1998 – – 1
1999 4 – 2
2000 – – 1
2001 1 – 1
2002 – – –
2003 5 – 1
2004 2 – –
2005 2 – 2
2006 6 – 3

9 Observatory Board 2004–2006

Director

Doc. Lauri Jetsu

Professors

Prof. Kalevi Mattila
Prof. Kari Lumme

Staff

Doc. Juhani Huovelin (Doc. Mika Juvela)
M.Sc. Jenni Virtanen (Doc. Jorma Harju)

Students

Student Jarkko Niemelä (Student Tuomas Lehto)
M.Sc. Jyri Näränen (Student Jani-Matti

Hätinen)
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H2D
+(110 → 111) 372 GHz L183

The Atacama Pathfinder Experiment (APEX) telescope located at 5104 m altitude in the Chilean

Atacama desert. Top: The ortho-H2D
+ ground-level line spectrum towards the cold core of the

L183 dark cloud obtained at APEX (see Section 2.2.2). This line is one of the most important

tracers of very cold cores, but extremely difficult to observe from observatories below 4 km

altitude due to atmospheric absorption.



A group of Observatory faculty, students and staff March 31, 2006. (Photo: Tatjana Tchumatchenko)



From Torppa et. al. (2006): Two examples of tuber shapes for Van Gogh (rows 1 and 2) and

Yukon Gold (rows 3 ad 4). Shapes represent the mean ellipsoid elongation Ē and flatness F̄ of

each cultivar. Random surface undulation is generated for each image using the characteristic

Gaussian model parameters σg and ν. The shapes are viewed from all three principal-axis

directions: along the a-axis (left), b-axis (middle) and c-axis (right). See end of Section 4.2.


