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Foreword

The research assessment exercise of the whole Univer-
sity of Helsinki has been completed. International panels
have evaluated the research in each field of science using
a rating between 1 and 7. The Department of Astron-
omy was evaluated in June 2005. Our rating was 7, the
highest possible. This confirms that we have chosen a
correct strategy, i.e. a relatively small and independent
institute can certainly perform “main stream” astronom-
ical research at a high international level. However, the
next research assessment will take place in 2011. We
shall definitely consider all recommendations made by
the international panel in order to further improve the
level of our research.

The number of completed M.Sc. degrees between
2003 and 2005 equals that between 1995 and 2002. This
indicates about a three times higher efficiency in M.Sc.
training during the past three years. This trend is real
and will continue. It is a consequence of determined ef-
fort from the staff and the students. Furthermore, four
Ph.D. degrees were completed during 2005. But one frus-
trating fact remains. These results in the degrees com-
pleted, together with the rating 7 received from the re-
search assessment exercise, are not enough for increasing
or even maintaining the current annual level of internal
funding calculated from the model applied in the Faculty
of Science. It is my duty to state this fact openly, now
that my second three year period as the director of the
Observatory is drawing to its end.

Of all areas of our activity, “Researcher training” is
the one, where the most important measures in research
and teaching can be ideally combined. During the year
2005, we have begun to focus our research and teaching
towards reaching a very presice vision. The philosophy
is: “Ambitious visions are not harmful, but humble vi-
sions may be fatal.” Our vision is to be clearly the best
Finnish institute in researcher training in astronomy dur-
ing the period 2005-2010. The chosen vision is directed
to the future and it also strongly guides our daily ef-
forts in research and education. The plan for reaching
our vision consists of ten very concrete operational mea-
sures, which have already been initiated during 2005.
These measures are systematically executed, followed
and analysed in close collaboration with the three re-
search groups, as well as with all students majoring in
Astronomy. The same measures will be described in de-
tail during the autumn 2006 to the Faculty of Science,
when we present our operational plan for the years 2007-
2009.

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, 2006
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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,
such as BepiColombo, ISO, INTEGRAL, SMART-
1 and Planck. Among our other ongoing joint re-
search projects has been in 2005 the use of the
Nordic Optical Telescope (NOT). Our active par-
ticipation in the aforementioned, and several new
international projects (e.g. GAIA- and XEUS-sa-
tellites) secures continuity of high quality astro-
nomical 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 National Tech-
nology Agency TEKES, the European 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 2005 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 k
�

.

Closed circles: Project funding for Observatory. Scale on the left

k
�

.

Open circles: Project funding for Observatory including industrial

subcontracts. Scale on the left k
�

.
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2 Research of interstellar medium

and star formation

Project number 81525002
Research agreements Academy of Finland
Type of research Basic research
Director of research Prof. Kalevi Mattila
Telephone 09-19122947
Fax 09-19122952
E-mail Kalevi.Mattila@Helsinki.Fi
Research staff with a Ph.D. Kalevi Mattila, Prof

Lauri Haikala, Docent
Jorma Harju, Docent
Mika Juvela, Docent
Kimmo Lehtinen, Docent
Mark Rawlings, Ph.D.
(until April 2005)

Ph.D. student(s) Päivi Harjunpää, Phil.Lic.
(until June 2005)
Jouni Kainulainen, M.Sc.
Marianna Ridderstad, M.Sc.
Veli-Matti Pelkonen, M. Sc.
Oskari Miettinen , M.Sc.
(since Sept. 2005)

M.Sc. student(s) Oskari Miettinen (until Sept. 2005)
Tuomal Lunttila
Minja Mäkelä

Associated research staff Petri Väisänen, Ph.D.
(SALT, South Africa)
Stephan Hotzel, Ph.D.
(Stuttgart, Germany)
Mark Rawlings, Ph.D.
(JAC, Hawaii)
Peter Johansson, M. Sc.
(IoA, Univ. of Cambridge)
Päivi Harjunpää, Ph.D.
(ETH Zürich)

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) radiative
transfer and magnetohydrodynamic (MHD) modelling of
interstellar clouds; and 4) the optical and infrared extra-
galactic background radiation.

The group is following a multi-wavelength observa-
tional approach where top-class ground-based and space-
borne optical/infrared, (sub)millimetre, and radio tele-
scopes are being utilized. Finland has recently signed
the ESO membership agreement and has become the
11th member country on 7 July 2004. The group has
already succesfully performed several ESO/VLT observ-
ing programs, and the ESO facilities have been of grow-
ing importance for the group during 2005. The group is
especially focusing on the 12-m Atacama Pathfinder Ex-
periment (APEX) and on the Atacama Large Millimetre
Array (ALMA). APEX has 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 op-
eration in 2008. The group has been well informed about

available ESO telescopes and facilities: Mattila is since
2004 Finland’s representative in the ESO Council. Harju

is since 2004 member of the ALMA European Scientific
Advisory Committee.

During the past several years ESA’s Infrared Space
Observatory (ISO) and the Swedish-ESO Submillimetre
Telescope (SEST) at ESO/La Silla have been particu-
larly important for the group. The exploitation of the
ISO data has continued intensively, often in combina-
tion with near-IR and (sub)mm data from ESO and
other ground based telescopes such as the Australian
Telescope Compact Array, the Effelsberg 100-m and the
Onsala 20-m radiotelescopes, and the 2.5-m Nordic Op-
tical Telescope.

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

2.2 Progress and highlights of scientific

results in 2005

(for references see the list of publications)

• Prestellar ja protostellar objects Studies of the
interaction between protostellar systems and their imme-
diate surrounding ISM have been made in previous years
with the aid of high-resolution interferometric radio con-
timuum observations at the Australian Compact Array
ATCA. Recently, interferometric spectral line observa-
tions with ATCA have been used to study the structures
and velocity fields of circum-protostellar gas and prestel-
lar condensations in the Chamaeleon I and Corona Aus-
tralis clouds (Harju et al. 2006, in preparation). These
observations are used to study the dynamics of very early
stages of protostellar collapse.

Lehtinen et al. (2005) have described infrared obser-
vations of the dark cloud DC 303.8–14.2 and the em-
bedded point source IRAS 13036–7644, made with the
ISOPHOT instrument aboard ISO at 7.7µm, 60µm, 100
µm and 200µm. We have studied the evolutionary sta-
tus of the IRAS source and find it to be located between
Class 0 and Class I, at a late accretion phase. The bolo-
metric luminosity of the IRAS source is estimated to be
about 1.0Lsun. The source was detected at 7.7µm and
we suggest that this emission is due to the 7.7µm UIR
band. The observations suggest that there is a bright
rim of 7.7µm emission that peaks just outside the opti-
cal bright rim of the cloud, indicating a halo of very small
dust particles or PAHs around the cloud. We have also
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compared the properties of dust in DC 303.8–14.2 and
the Thumbprint Nebula (TPN), a morphologically sim-
ilar globule but without star formation. The dust tem-
perature at the center of DC 303.8–14.2 has a minimum
of 14.6± 1K, similar to that in the TPN. A comparison
of far-infrared radial optical depth distributions between
these clouds at angular scales of ∼1.5’–3’ shows no differ-
ence. Comparison of DC 303.8–14.2 with several clouds
without YSOs shows that a cloud with low-mass star
formation cannot be distinguished from non-star form-
ing clouds on the basis of the properties of far-IR diffuse
emission of ’classical large’ dust particles.

Small-size clouds of cold interstellar matter, so called
globules, are ideal places to study low-mass star forma-
tion. 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 deter-
mines the future evolution of the collapsing core. Kain-

ulainen et al. have made a comparative study of density
distributions in two globules, one with star formation,
and another without any sign of star formation, using
near-infrared data taken with the ISAAC instrument at
ESO’s Very Large Telescope. Our 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 to-
wards the center of the cloud.

• Chemical evolution of dense cores The forma-
tion of dense cores of molecular clouds and their dynam-
ical behaviour are connected to the chemical evolution.
In particular, the freezing-out of molecules onto dust
grains affects the cooling rate of the gas. Nitrogenous
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, 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
we detected H2D+ in a massive core. 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 dynamical evolution of massive
cores. The discovery therefore opens new vistas to the
evolution preceding the collapse of massive stars.

• High mass star forming regions As part of
the investigation of the origin of the stellar mass dis-
tribution, the so called initial mass function, IMF, the
group studies star formation in Giant Molecular Clouds
(GMCs). This includes the study of physical and chem-
ical properties of massive GMC cores and their relation
to the phenomena which can be used to determine the
evolutionary stage of a newly born massive star (e.g.
massive molecular outflows, molecular masers and ultra-
compact HII regions). Miettinen finished his M.Sc.thesis
on this subject in 2005, and submitted an article based
on this work to A&A in the shift of 2005/06 (“SiO and
CH3CCH abundances and dust emission in high-mass
star-forming cores”). Miettinen continues towards PhD
with funding from the Finnish Graduate School of As-
tronomy and Spase Physics. His forthcoming studies
concentrate on the details of the birth of massive stars
and the fragmentation of GMC cores into cold subcon-
densations enabling also low-mass star formation in these
regions.

• Molecular and dust continuum studies of

nearby star forming regions Extensive molecular line
observations and an 1.2mm dust continuum map ob-
tained with the SEST telescope combined with new NIR
imaging observations with the ESO/NTT/SOFI instru-
ment have been used to study the small scale structure
of the cometary globule CG 12. In particular, the study
reveals that instead of being a cometary globule simi-
lar 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). The study has been
further pursued with submillimeter observations during
the APEX science verification phase.

NTT/SOFI near IR (J, H, Ks) imaging of a cold,
non star forming core in the CrA star forming region has
been obtained. The data will be used to study the radial
density structure of the core which is presumably still
in prestellar forming state. More NTT/SOFI observing
time has been granted for 2006.

The most common constituent of interstellar molec-
ular clouds is molecular hydrogen, H2. However, direct
determination of the H2 column density is not gener-
ally possible, and other tracers, such as line emission
of isotopes of CO, or extinction, are used to derive the
distribution of molecular gas. There is, however, no the-
oretical reason for the constancy of the N(H2)/N(CO)
ratio in different environments. Kainulainen et al. (2005)
have investigated the relationship between the C18O col-
umn density and the visual extinction in Chamaeleon I
and III molecular clouds, with emphasis on the possible
difference between star forming and non star forming re-
gions. They find that the average N(C18O)/AV ratios
are similar in Cha I and Cha III, and lie close to val-
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ues derived for other clouds. However, there are clear
deviations from this average relationship towards indi-
vidual clumps. Larger than average N(C18O)/AV ratios
can be found in clumps associated with the active star
forming regions. On the other hand, some regions in
the relatively quiescent part show smaller than average
N(C18O)/AV ratios. The shallow proportionality sug-
gests that C18O is heavily depleted in these regions. As
the degree of depletion is proportional to the gas density,
these regions probably contain very dense, cold cores,
which do not stand out in CO mappings. A comparison
with the dust temperature map derived from the ISO
data shows that the most prominent of the potentially
depleted cores indeed coincides with a dust temperature
minimum. It seems therefore feasible to use N(C18O)
and AV data together for identifying old, dense cores in
large scale mappings.

• ISOPHOT studies of high latitude clouds The
group has completed the analysis of an extensive set of
ISO data which resulted from the succesful Guaranteed
and Open Time projects of the group. However, the ISO
data are by far not exhausted yet. ESA is supporting in
2002-06 the the so-called ISO ’Active Archival Phase’
during which the data, successfully collected during the
2.5 years of operations, can be fully exploited.

Recent observations have indicated that the prop-
erties 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
support for this hypotheses (Lehtinen et al. 2005, sub-
mitted). 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 four-fold in-
crease of emissivity in the dust temperature range 19K–
14K, from the edge of the cloud to the center. Radiative
transfer calculations show that an increase of absorption
cross-section of dust at far-IR is necessary to explain
the observed decrease of dust temperature towards the
centre of L 1642. This temperature decrease cannot be
explained solely by the attenuation of interstellar radi-
ation field. Increased absorption cross-section manifests
itself also as an increased emissivity. Furthermore, we
find that, due to temperature effects, the apparent value
of optical depth τapp(far-IR), derived from 100µm and
200µm intensities, 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).

• Radiative transfer modelling

Work continued on the development of radiative trans-
fer tools for the analysis of continuum dust emission and
molecular line data. New methods were developed that
significantly improve the efficiency of continuum radia-
tive transfer calculations in the case of high optically
depths (Juvela 2005). New programs were created for
radiative transfer on hierarchical, multi-resolution grids.
The first codes (Juvela et al. 2005) were extended so that
they can be used in conjunction with MHD programs
that use Automatic Mesh Refinement (AMR) methods
(Razoumov & Juvela, in preparation).

A new method was developed for the mapping of in-
terstellar clouds (Padoan, Juvela, Pelkonen 2006). The
method is based on the intensity of the scattered near-
infrared radiation, and it was found to be reliable in the
AV range of 1-15 magnitudes. The main advantage is the
very high, even sub-arcsecond resolution. At the same
time, new near-infrared instruments will allow efficient
mapping of large cloud areas. A pilot study was started
at UKIRT using the WFCAM instrument (Rawlings, Ju-

vela et al.). Further theoretical studies were conducted
in order to characterize the new method and to estimate
the effects of possible error sources (Juvela, Pelkonen,

Padoan, in preparation).
• Planck Surveyor Mission Observatory is par-

ticipating in the Planck satellite project. Our inter-
ests lie mainly in the observations of thermal dust emis-
sion. Planck will map the dust emission over the whole
sky, and will be particularly sensitive to cold dust that
could not be detected by earlier all-sky infrared surveys.
Three Planck science projects are coordinated by us:
Cold Cores (Mattila), Local Interstellar Medium (Ju-

vela), and Dust in Local Universe Galaxies (Mattila).
In a preparatory survey we have observed, in molec-
ular lines, a number of cold cores that were identified
from the ISOPHOT Serendipity Survey. The analysis of
these data continues. Other preparatory work is orga-
nized through Planck technical working groups. Juvela

participates in the work and coordination of groups that
are responsible for providing simulated maps of diffuse
Galactic emission and for developing tools (e.g., radiative
transfer programs) for the analysis of Planck data. Ju-

vela and Kainulainen prepared tentative template maps
for the anomalous microwave emission, and participated
in the testing of all templates that exist for diffuse com-
ponents of the Galactic emission. Work was started on
the simulation of polarized dust emission (Pelkonen, Ju-

vela & Padoan, in preparation). This work is based on
the combination of magnetohydrodynamic simulations,
radiative transfer calculations, and models of dust prop-
erties. The results of this work will be used in the prepa-
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ration of template maps for the polarized signal observed
by Planck.

• Extragalactic Background Light Using our un-
derstanding 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 pro-
gram 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 diffuse galactic scattered light
(absoption line spectrum) and the EBL (pure continuum
spectrum with possible discontinueties). For the spectro-
scopic observing program we have recently received 20
hours observing time at the ESO VLT/UT4 telescope,
and the service mode observations have now been com-
pleted in the ESO periods October 2003 - February 2005.
The reductions and analysis of these data have been
started by Mattila and Lehtinen during 2005.

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
number of theoretical interpretations, especially in terms
of ultraviolet radiation emanating from the first gener-
ation of massive stars at redshifts of 7 - 20 (so called
Population III stars). The interpretation of the NIR ex-
cess emission as being of extragalactic origin depends
crucially on the model used in the subtraction of the Zo-
diacal Light, the dominating foreground contaminant.
If the Zodiacal Light is modelled consistently, using the
same model both for the NIR (1.25 - 4 µm) and opti-
cal (0.80 µm) data there is no evidence for a step in the
excess emission at ∼ 1µm (Mattila 2006, in prep.).

2.3 External financing and resources

2005: Person-months of work: 98

Academy of Finland: 200 000
�

Graduate School for Astronomy and Space
Physics: 7 500

�

Private foundations 12 000
�

2.4 Tests of learning

Harjunpää, Päivi

Carbon monoxide emission, optical extinction
and polarization in nearby molecular clouds; PhD

thesis 2005, University of Helsinki, Department of
astronomy.

Miettinen, Oskari

Molecular line and continuum study of giant
molecular cloud cores; MSc thesis (pro gradu) 2005;
University of Helsinki, Department of astronomy.

2.5 Visits abroad

Haikala, Lauri

European Southern Observatory / La Silla,
Chile, 14.5.-28.5.2005, 14 days

Harju, Jorma

European ALMA Science Advisory Commit-
tee meeting, ESO headquarters; Garching, München,
Germany, 23.2.2005, 1 day,

European Alma Science Advisory Committee
(ESAC) meeting, ESO; Garching, München, Ger-
many, 13.-14.9.2005, 2 days

Juvela, Mika

MPIA, Garching, Germany, 26.-28.1.2005, 3
days

The X Meeting of Finnish National COSPAR
(FinCOSPAR), 12.5.2005, Helsinki–Stockholm, Fin-
land, 3 days

University of California, San Diego, USA, 23.-
27.8.2005, 5 days

Asilomar, USA, 29.8.-2.9.2005, 5 days

University of Paris, Paris, France, 12.-16.9.2005,
5 days

Onsala Space Observatory, Göteborg, Sweden,
13.-15.10.2005, 3 days

ESAC, Madrid, Spain, 12.-13.12.2005, 2 days

Kainulainen, Jouni

European Southern Observatory/Garching, Ger-
many, 26.-29.1.2005, 3 days

Nordic Optical Telescope / La Palma, Spain,
17.-26.8.2005, 10 days

European Southern Observatory / La Silla,
Chile, 6.-16.12.2005, 10 days

Lehtinen, Kimmo K.

NOT (Nordic Optical Telescope), La Palma,
Canary Islands, Spain, 17.-26.8.2005, 10 days
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Mattila, Kalevi

European Southern Observatory, ESO Com-
mittee of Council, Germany, 1.-2.3.2005, 2 days

European Southern Observatory, ESO Coun-
cil, Germany, 7.-8.12.2005, 2 days

ESO Council, Brussels, Belgium, 29.-30.9.2005,
2 days

Max-Planck Institut für Astronomie, Heidel-
berg, Germany, 1.-3.12.2005, 3 days

European Southern Observatory, ESO-Wide
Review, Germany, 17.-18.3.2005, 2 days

Pelkonen, Veli–Matti

University of Paris, France, 12.-17.9.2005, 6
days

Ridderstad, Marianna

The X Meeting of Finnish National COSPAR
(FinCOSPAR), 12.5.2005, Helsinki–Stockholm, Fin-
land, 3 days

IAU Symposium 231: Astrochemistry - Re-
cent Successes and Current Challenges; Asilomar,
CA, USA, 28.8.-2.9.2005, 8 days

Planets and Protostars V; Waikoloa, Hawaii,
USA, 24.-28.10.2005, 5 days

2.6 Visiting academics

Harju, Jorma

Hotzel, Stephan, PhD, researcher, Germany,
30.9.-9.10.2005, 11 days

Mattila, Kalevi

Yun, Joao, PhD, Prof., Director, University
of Lissabon Observatory, Portugal, 16.-19.6.2005,
4 days

2.7 Papers read at scientific confer-

ences, symposia, meetings etc.

Juvela, Mika

”Cold Cores, Planck-Herschel Key project”,
Planck Consortium Meeting, 27.1.2005, MPIA,
Garching, Germany, invited talk

”Modelling of Interstellar Clouds”, The X Meet-
ing of Finnish National COSPAR (FinCOSPAR),
12.5.2005, Helsinki–Stockholm, Finland

”Efficient radiative transfer methods for con-
tinuum and line transfer in large three-dimensional

models”, IAU Symposium 231: Astrochemistry,
29.8.-2.9.2005, Asilomar, U.S.A., poster

”Dust populations and increased large-grain
emissivity in a translucent cloud”, IAU Sympo-
sium 231: Astrochemistry, 29.8.-2.9.2005, Asilo-
mar, U.S.A., poster

”Predictions of polarized dust emission based
on MHD simulations”, Polarization 2005, 12.-15.9.
2005, Paris, France, poster

”The cold cores follow-up proposal”, Planck
Work Group 7 meeting, 16.9.2005, Paris, France,
invited talk

”RAdiative transfer in turbulent 3D media”,
Extragalactic and Galactic ISM Modelling in an
ALMA Perspective, 15.10.2005, Göteborg, Sweden,
invited talk

Kainulainen, Jouni

”C18O and Av in Chamaeleon I and III”, Planck
Consortium Meeting, 26.-29.1.2005, Garching, Ger-
many, poster

Mattila, Kalevi

”Nachthimmelsheiligkeit”, Frontiers of Infrared
Astronomy, 1.12.2005, Heidelberg, Germany, in-
vited talk

Pelkonen, Veli–Matti

”Models of Polarized Dust”, Polarisation 2005,
12.-17.9.2005, Paris, France, poster

Ridderstad, Marianna

”Different dust populations and increased large-
grain emissivity in the translucent cloud L1780”,
The X Meeting of Finnish National COSPAR (Fin-
COSPAR), 12.5.2005, Helsinki–Stockholm, Finland

”Dust populations and increased large-grain
emissivity in the translucent cloud L1780”, IAU
Symposium 231: Astrochemistry - Recent Successes
and Current Challenges, 28.8.-2.9.2005, Asilomar,
CA, U.S.A., poster

”3D Radiative Transfer Model of the High-
Latitude Translucent Cloud L1780”, Planets and
Protostars V, 24.-28.10.2005, Waikoloa, Hawaii,
U.S.A., poster

2.8 Observing campaigns

Harju, Walmsley, Lehtinen, Near- and mid-IR imag-
ing of a possible protobinary system in Cha-MMS1,
October 2004 - March 2005, ESO 3.6-m/TIMMI2,
6 h
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Harju, Haikala, Mattila, The abundance of H2D
+

in prestellar cores in Corona Australis, July 2005,
APEX, 2 h

Harju, Miettinen, Haikala, Juvela, Mattila,
H2D

+ as a tracer of massive, very cold cores, Oct
2005, APEX, 10 h

Lehtinen, Harju, Juvela, Mattila, Mapping of
H2D

+ in dense and cold protostellar cores of L 183,
July 2005, APEX, 5 h

Haikala et al., C18O(3-2) observations of CG12,
August 2005, APEX 2.75h

Kainulainen, Lehtinen, Harju, Mattila Density
distribution of cold cloud cores using NIR-photometry,
NOT/NOTCam, August 2005, 3 nights

Haikala, Kainulainen, Harju, Juvela, Lehtinen,
Mattila, Density structure of the pre- star form-
ing core CrA C, ESO/NTT/SOFI, May 2005, 4
nights

2.9 Membership in scientific and schol-

arly societies

Harju, Jorma

European ALMA Science Advisory Commit-
tee

Finnish COSPAR committee

Juvela, Mika

European time allocation committee of the
ASTRO-F satellite

-13.12.2005, Spain, expert

Mattila, Kalevi

Odin Science Team, 1991-

ISO/ISOPHOT Consortium, 1991-

Planck LFI, 1998-

Suomen tähtitieteen kansalliskomitea, 1973-

Finnish COSPAR Committee, 1998-

Finnish National Committee of URSI, 1972-

Onsala Space Observatory, time allocating com-
mittee

European Southern Observatory, Council

2.10 Acting as Opponent and pre-

examinations of doctoral dissertations

Juvela, Mika

Natalia Babkovskaia: ”Water masers in dusty
environments of stars and in galactic circumnu-
clear regions”, Oulu university, 15.12.2005, Fin-
land, pre-examiner
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3 High Energy Astrophysics

Project number 91525005
Research agreements Academy of Finland

National Technology Agency
Type of research Basic research, share: 50 %

Development work, share: 50 %
Director of research Docent Vilhu, Osmi

Telephone 19122801
Fax 19122952
E-mail Osmi.Vilhu@Helsinki.Fi
Senior (Ph.D. or higher) Osmi Vilhu, Docent

Pasi Hakala, Docent
Diana Hannikainen, Docent
Juhani Huovelin, Docent
Thomas Hackman, Ph.D.
Jukka Nevalainen, Ph.D.
Juho Schultz, Ph.D.

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

Students Minttu Uunila
Eero Esko
Kristiina Byckling
Auni Somero

Project secretary Iris Soranta
Associated scientists Juri Poutanen, professor (Oulu)

3.1 Research activities

The project is doing fundamental science with exist-
ing equipment, observing with INTEGRAL and XSM/
SMART-1 as well as with other space and ground based
telescopes. The group is also developing new instrumen-
tation for future space missions.

3.2 General approach

The activities in the area of high-energy astrophysics are
divided in two branches, fundamental science, and devel-
opment of new instruments and technology.

The first part consists of scientific return (guaran-
teed time) from the instrument projects, currently IN-
TEGRAL, SMART-1, complemented by public and Guest
Observer data from other satellites, currently XMM-
Newton, HST, RXTE, Chandra, and data from ground-
based facilities like ESO and NOT. The second part is a
continuation to the ongoing hardware projects including
research also in detector physics. The science topics ad-
dressed include accretion discs and super-orbital periods
of Low Mass X-ray Binaries, multi-frequency behaviour
of micro-quasars, coronae and flaring in active stars and
the Sun. In particular, the very broad spectral cover-
age (INTEGRAL and the AGN-collaboration) and the
possibility for a very long monitoring (SMART-1, solar
corona), coupled to sophisticated modelling, are the key
ingredients of the research.

Development of new instruments is a natural contin-
uation to the ongoing projects, providing valuable access
to the guaranteed time also in the future. The aim is to
utilise the advances in instrument performance carried
out with bigger telescopes, larger field-of-view, and im-
proved performance of new systems in the future plans
of ESA (BepiColombo, XEUS, Lobster). Also, reuse of
developed technology will be possible for e.g. the solar
x-ray monitor XSM for SMART-1, a second version of
which will fly with the ISRO’s Chandrayaan-1 to a Moon
orbit within a few year’s timeframe. The systems under
development in collaboration with the Finnish industry,
VTT, FMI, HIP, and departments of physical sciences
and chemistry of the University of Helsinki are,

1. Cryogenic X-ray microcalorimeter array based
on superconducting Transition Edge Sensors (TES for
XEUS)

2. GaAs based single element and array-type X-ray
spectrometers, and space particle sensors for ESA’s cor-
nerstone mission BepiColombo

3. Metal surface processing for optical elements with
ALD method for BepiColombo X-ray telescope and other
potential space missions

4. Position sensitive gas-filled soft X-ray counter for
astronomical use, based on a new sensor foil, Gas Elec-
tron Multiplier (GEM)

5. Powerful space instrument onboard data proces-
sors for future missions, which is being developed with
Finnish industry, targeting for application on Bepi-
Colombo, and later for e.g. the XEUS mission.

The scientific use of INTEGRAL up until now has al-
ready resulted in a number of scientific papers published
in 2003-5. SMART-1/XSM has made effective obser-
vations of the Sun since March 2004. Several refereed
papers on the instruments have already been published,
and several papers on solar coronal science with very
high quality data from XSM/SMART-1 are in prepara-
tion. At present, the scientific utilization of INTEGRAL
and SMART-1 continues. The SMART-1 mission will be
terminated in September 2006, with a controlled crash
on the surface of the Moon.

Observation programs with other satellites (RXTE,
XMM-Newton, Chandra) and ground-based telescopes
(e.g. NOT , ESO, ATCA) were continued. The activi-
ties have also evolved, and grown to a higher level of col-
laboration with new plans for instruments and satellites,
which combine the expertise and experience of the group
and its collaborators. In the year 2004, also bigger con-
tributions in international space science programs have
been initiated, i.e. participation at PI level in the next
ESA cornerstone mission BepiColombo. We are also in-
volved at the PI level in the India-ESA collaborative
Moon mission plan Chandrayaan-1 with an XSM similar
to that of SMART-1, and have recently (2005) initialized
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a collaborative plan Spectrum-X-Gamma/eROSITA/ Lob-
ster of ESA and Russia, with GEM-based detectors for
Lobster and possibly also for the Russian X-ray tele-
scopes.

The main aims of the scientific research with the facil-
ities are to study X-ray binaries with novel approaches.
One aim of this research program is to study the preva-
lence, 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. These systems are also the main source of
gravitational radiation to be measured for the first time
by some future mission like ESA’s and NASA’s joint
project LISA. They are crucial in verifying the theory
of general relativity. Another important aspect of this
research is to disentangle and thus decipher the high-
energy spectra of accreting low mass X-ray binaries and
also high mass X-ray binaries (e.g. ”micro-quasars”).
This is done through a truly physical model and obser-
vations from e.g. INTEGRAL, and major ground-based
radio telescopes.

The aim of the research of the solar corona is to
disentangle the properties of the hot coronal plasma by
analysing the X-ray spectra obtained with our own in-
struments flying on-board space missions, like XSM/
SMART-1. Research by UHO aims at clarifying the
physical mechanism of the flares by examining the X-ray
spectrum and its variation during the eruptions, and by
comparison between different flares. Also time behaviour
over longer time span is studied with the aim of study-
ing the changes of the properties of solar corona during
the Sunspot cycle. The methods include developing im-
proved theoretical models based on extensive new very
high quality spectroscopic X-ray data from e.g. SMART-
1/ XSM. In addition, data from the RHESSI and the
GOES satellites are used as complementary sources of
information. After the end of SMART-1 operations in
2006, similar data is expected from a Finnish solar mon-
itor on the Chandrayaan-1 mission, and later with the
Finnish solar monitor SIXS on ESA’s BepiColombo.

The main observational tools for the studies of clus-
ters of galaxies at UHO are high resolution X-ray imag-
ing and spatially resolved spectroscopy of the hot intra-
cluster gas. Data obtained with XMM-Newton and Chan-
dra X-ray satellites is currently used for this analysis.
UHO researchers have developed a double-filtering method,
which reduces the background uncertainties significantly
compared to the commonly used method. This work
is acknowledged by the XMM-Newton telescope team,
which advertises our background method on their Web
site.

3.3 Science topics

3.3.1 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 e ither a w hite dwarf or
a helium sta r. 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 acc retion disk, a corona
(or pl asma cloud) sur rounding the central parts of the
accretion disk (and hence the compact accretor which
is usually a black hole), and possible outflows seen as
bipolar jets in the case of ”microquasars”.

To summarize, the aims of our proposed project are
threefold. We will observe ultrashort binaries which are
essentially test laboratories of general relativity and grav-
itation. We will use various tomographic methods in or-
der to resolve disk structure and dynamics. We shall
study the high energy processes in X-ray binaries con-
taining black holes to resolve jet launching mechanisms
and jet-disk-corona interactions.

3.3.2 The solar corona

The aim of this research is to disentangle the properties
of the hot solar corona by analysing the X-ray spectra
obtained with our own instruments flying on-board space
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missions, like XSM/ SMART-1. The hot corona of the
Sun radiates strongly in X-rays. The solar corona ex-
hibits in apparently random i ntervals very strong erup-
tions, which ar e called flares. Big fl ares 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
th e instruments is the Finnish XSM X-ray spectrome-
ter on the ESA’s SMART-1 satellite. The author is the
PI of the XSM. In addition, data from the RHESSI and
the GOES satellites are used as complementary sources
of information. After the end of SMART-1 operations
(foreseen in September 2006), more similar data is ex-
pected 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.

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.

3.3.3 Clusters of galaxies

Our research aims in characterizing thermal and non-the
rmal processes in the clusters o f galaxies. We examine
and utilize the hydrostatic equilibrium of cluster mate-
rial and use it to derive baryonic and dark matter density
distributions. We use this information to constrain cos-
mological parameters (e.g. Sadat et al, 2005). We also
examine the ”soft X-ray excess” component in clusters
(e.g. Bonamente et al. 2005).

The main obsevational tools utilized by us are high
resolution imaging and spatially resolved spectroscopy of
the X-ray emission of the hot intracluster gas. We carry
out analysis of the cluster data obtained with XMM-
Newton and Chandra X-ray satellites. The total cluster
mass determination within the virial radius is a com-

plicated task because the cluster brightness decreases
rapidly with the radius. Both XMM-Newton and Chanda
suffer from Solar particle induced flaring background
which renders the background modeling uncertain. These
uncertainties, if not properly accounted for, reduce the
accuracy of the measurement of cluster temperature and
consequently the total masses.

In order to examine the background stability, we car-
ried out a systematic study of a sample of XMM-Newton
blank sky observations (Nevalainen et al, 2005). We
developed a double-filtering method,which reduces the
background uncertainties significantly, compared to the
commonly used method. By comparing the background
estimate with the blank sky data we evaluated the in-
volved uncertainties and presented a practical method
to propagate the uncertainties when measuring cluster
temperatures. Our work is acknowledged by the XMM-
Newton telescope team who advertice our background
method in their web site.

3.4 The ESO-Sampo project

ESO-connected activities have also begun effectively since
the beginning of Finland’s membership in 2004. One of
the leaders (JH) of this group leads the University of
Helsinki share of the Finnish in-kind project for par-
tial payment of the entrance fee to ESO. The project,
c alled ”ESO-Sampo”, con ducts development of science
data anal ysis environment for ESO, with four Informa-
tion Technology professionals working full time in the
period 1.1.2005- 31.12.2007 in a Tekes-funded project at
the Observatory, University of Helsinki. JH is 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 together with VTT, Uni-
versity of Joensuu, 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 several hardware applications, like
sub-mm detectors developed by VTT, diffractive optics
developed in Joensuu, and ALD coating developed at the
Department of Chemistry of the University of Helsinki.

3.5 Scientific results

3.6 External financing and resources

2005: Man-months of work: 140

Academy of Finland: 180 000
�

National Technology Agency: 791 000
�
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3.7 Tests of learning

Schultz, Juho

Studies of accretion discs in X-ray Binaries;
dissertation 2005, University of Helsinki, Depart-
ment of astronomy.

Byckling, Kristiina

Modelling the X-ray lightcurves of the short-
period binary RXJ0806.3+1527; pro gradu 2005;
University of Helsinki, Department of astronomy.

3.8 Visits abroad

Hakala, Pasi

Radboud University, Nijmegen, The Nether-
lands, 1.-7.7.2005, 7 days

La Palma (INT), Spain, 27.5.-4.6.2005, 9 days

Hannikainen, Diana

School of Physics, University of Sydney, Aus-
tralia, 13.-28.2.2005, 15 days

Laboratori Nazionali di Frascati - INFN, Italy,
23.-28.5.2005, 6 days

European Synchrotron Radiation Facility,
Grenoble, France, 3.-7.7.2005, 5 days

University of Utrecht, The Netherlands, 21.-
23.11.2005, 3 days

Observatory, University of Copenhagen, Den-
mark, 6.-7.12.2005, 2 days

Hjalmarsdotter, Linnea

Cospar colloquium on Spectra andTiming of
Compact X-Ray Binaries, India, 14.-26.1.2005, 13
days

Frascati Workshop 2005; Napoli, Italy, 22.-
30.5.2005, 9 days

Huovelin, Juhani

ESO, Germany, 12.-14.1.2005, 3 days; 1.-2.11.
2005, 2 days; 7.-8.12.2005, 2 days

ESTEC, The Netherlands, 19.-20.1.2005, 2 days;
24.-25.1.2005, 2 days; 16.-17.3.2005, 2 days; 19.4.2005,
1 day; 20.-21.9.2005, 2 days

EGU Conference, Wien, Austria, 25.-26.4.2005,
2 days

The X Meeting of Finnish National COSPAR
(FinCOSPAR), 12.5.2005, Helsinki–Stockholm, Fin-
land, 3 days

University of Kyoto / BepiColombo SWT meet-
ing, Japan, 12.-17.10.2005, 6 days

Maisala, Sami

ESO, Germany, 12-14.1.2005, 3 days; 2-4.3.2005,
3 days; 1.6.-5.7..2005, 35 days; 7.-8.12..2005, 2 days

ADASS XV conference, IVOA meeting, Ger-
many, 1-7.10.2005, 7 days

Muhli, Panu

NOT, La Palma, Canary Islands, Spain, 6.-
13.6.2005, 8 days

Nevalainen, Jukka

Max Planck Institute for Astrophysics, Ger-
many, 30.-31.5.2005, 2 days

Oittinen, Tero

ESO, Germany, 12.-14.1.2005, 3 days; 2.-4.3.
2005, 3 days; 31.5.- 6.7..2005, 3 days

ADASS XV conference, Spain, 2.10.-7.10.2005,
6 days

Solin, Otto

ADASS XV, Spain, 3.-6.10.2005, 4 days

ESO, Germany, 7.-9.12.2005, 2 days

Ullgren, Marko

ESO, Germany, 12-14.1.2005, 3 days; 2.-4.3.2005,
3 days; 31.5-6.7.2005, 35 days; 7.-8.12.2005, 3 days

STScI, USA, 26.-29.4.2005, 4 days

ADASS XV conference, Opticon N3.6 network
face-to-face meeting, Spain, 30.9.-5.10.2005, 6 days

Vilhu, Osmi

INTEGRAL-workshop; ESTEC, The Nether-
lands, 18.21.1.2005, 2 days

Swedish Academy Research Positions Evalua-
tion meeting; Oslo, Norway, 1.4.2005 , 1 day

NORDITA Nordic projects Workshop on
Cygnus X-1–X-3; Kittilä, Finland, 11.-13.4.2005, 3
days

Väänänen, Mikko

ESO, La Silla, Chile, 24.2.-6.3.2005, 11 days

RHESSI 2005 Workshop; Locarno, Italy, 7.-
11.6.2005, 5 days

3.9 Papers read at scientific confer-

ences, symposia, meetings etc.

Hakala, Pasi

”RApid Temporal Survey (RATS) - search-
ing for new short-period binaries”, International
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Workshop on AM CVn Stars, 7.7.2005, Nijmegen,
The Netherlands

Hannikainen, Diana

”Multifrequency observations of microquasars”,
Frascati Workshop - Multifrequency behaviour of
high energy cosmic sources, 23-28.5.2005, Vulcano
Island, Italy, invited talk

Hjalmarsdotter, Linnea

”New variability class in GRS 1915+105”,
Cospar colloquium on Spectra andTiming of Com-
pact X-Ray Binaries, 17.-21.1.2005, Mumbai, In-
dia, poster

Huovelin, Juhani

”SIXS, the Solar Intensity X-ray and particle
Spectrometer for BepiColombo”, EGU Conference,
26.4.2005, Wien, Austria

”Energetic charged particle measurements by
SIXS on-board BepiColombo MPO”, EGU Confer-
ence, 26.4.2005, Wien, Austria, poster

”First scientific year of XSM (X-ray Solar Mon-
itor) onboard SMART-1”, EGU Conference, 26.4.
2005, Wien, Austria, poster

”First D-CIXS Lunar Results”, EGU Confer-
ence, 26.4. 2005, Wien, Austria, poster

”SIXS, the Solar Intensity and particle Spec-
trometer for BepiColombo”, The X Meeting of Finnish
National COSPAR (FinCOSPAR), 12.5.2005, Hel-
sinki–Stockholm, Finland

”Energetic charged particle measurements by
SIXS on-board BepiColombo”, The X Meeting of
Finnish National COSPAR (FinCOSPAR), 12.5.2005,
Helsinki–Stockholm, Finland, poster

Maisala, Sami

”PyMIDAS - a Python interface to ESO-MIDAS”,
ADASS 2005, 1.-7.10.2005, Madrid, Spain, poster

Oittinen, Tero

”The Sampo Project”, ADASS XV, 2.10.-7.10.
2005, Madrid, Spain, poster

”PyMidas - A Python Interface to ESO-MIDAS”,
ADASS XV, 2.-7.10.2005, Madrid, Spain, poster

Vilhu, Osmi

”The Jets Sources GRS 1915-105 and Cygnus
X-3”, INTEGRAL workshop, 18.-21.1.2005, ES-
TEC, Noordwijk, The Netherlands, invited talk

”Integral Observations on Cyg X-3”, NORDITA
Nordic project workshop, 11.-13.4.2005, Kittilä, Fin-
land, invited talk

Väänänen, Mikko

”XSM/RHESSI cross-calibration and collabo-
ration”, RHESSI 2005 Workshop, 7.-11.6.2005, Lo-
carno, Italy

3.10 Visiting academics

Huovelin, Juhani

Remillard, Ronald, PhD, Principal Research
Scientist, Massachusetts Institute of Technology,
U.S.A., 5.-10.11.2005, 5 days

3.11 Membership in scientific and schol-

arly societies

Hackman, Thomas

Nordic Optical Telescope, Instrument User Group
for High Resolution Optical Spectroscopy, 1.1.-31.12.
2005, chair

Hakala, Pasi

Finnish Academy, expert group in space mat-
ters, winter 2005,

Hannikainen, Diana

International Workshop on Radiation Imaging
Detectors, expert

Nordic Optical Telescope Observing Proposals
Committee, 2002-2005, expert

XMM-Newton evaluation panel, 2005, expert

Huovelin, Juhani

Finnish Physical Society, Astro and Space Physics
Division, Finland, chair

Muhli, Panu

Suomen tähtitieteilijäseura (Finnish Astronom-
ical Association), 1.1.-30.6.2005, Finland

Ullgren, Marko

Opticon N3.6 network - Future Data Analysis
Environment, 18.5.2005-, expert

Vilhu, Osmi

Royal Swedish Academy, 1.4.2005, Sweden, ex-
pert
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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
Jukka Piironen, Docent
Jenni Virtanen, Ph.D.

Phd student(s) Kim Green, DI
Mikael Granvik, M.Sc.
Jyri Näränen, M.Sc.
Antti Penttilä, M.Sc.
Johanna Torppa, M.Sc.
Jari Rantala, M.Sc.
Jani Tyynelä, M.Sc.
Teemu Laakso, M.Sc.

4.1 Research activities

Studies at the Planetary-System Research -group (PSR)
at the University of Helsinki Observatory entail (i) as-
tronomical observations, (ii) fundamental physics, and
(iii) inverse problems. Astronomical observations are
carried out using modern groundbased telescopes (e.g.,
Nordic Optical Telescope) and spacebased instruments
(e.g., SMART-1/AMIE), and preparations are underway
for observations aboard future spacecraft (e.g., NESS,
GAIA, BepiColombo). In fundamental physics, 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 par-
ticulate media, and the celestial mechanics of the few-
body problem. Laboratory experiments are carried out
using a scatterometer device at the Observatory. The
inverse problems divide into the development of mathe-
matical methods and the interpretation of astronomical
observations.

4.2 Progress

In the pursuit of finding modern solutions for asteroid
orbital inversion, the doctoral thesis of J. Virtanen (Vir-
tanen 2005) put together the recent advances made in
the planetary-system group in terms of novel statistical
orbit computation techniques. Additionally, Virtanen et
al. (2005; Paris meeting) studied the asteroid orbit com-
putation problem for the Gaia mission, the ESA corner-
stone space observatory to be launched in 2011. They
demonstrated the potential of modern statistical orbit
computation techniques in the analysis of high-precision
astrometric data with observational errors as small as
ten micro-arcseconds. Virtanen et al.(2005; Belgrade
meeting) further assessed the asteroid impact hazard by
evaluating collision orbits for the near-Earth object 2004
AS1 at its discovery moment.

In the study of the asteroid identification problem,
Granvik and Muinonen (2005) presented a new method
for linking asteroid observations at, and close to, the
discovery date.

The method was succesfully applied to observations
simulated according to the LSST cadence (Large Synop-
tic Survey Telescope) and estimated accuracy (Granvik
et al. 2005; Flagstaff meeting), and to real observations
obtained with the VLT (Granvik et al. 2005; Belgrade
meeting). In preparing for Near-Earth Space Surveil-
lance (NESS) aboard the Canadien NEOSSat mission,
Hildebrandt et al. (2005) studied the advantages of
searching for near-Earth objects from low Earth orbit.

Muinonen et al. (2005; Helsinki seminar) provided a
novel Monte Carlo method for the inverse problem of ex-
oplanet orbit computation using accurate radial-velocity
information on the parent star.

The resulting probability-density function for the free
parameters is characterized by a large number of sample
parameters with proper weight factors. The treatment of
the inverse problem was general and invariant in trans-
formations between different nonlinear sets of parame-
ters.

Torppa and Muinonen (2005) studied the inversion
of asteroid spins, shapes, and surface scattering prop-
erties using photometric observations simulated for the
Gaia mission. The Gaia photometric observations are
to be composed of typically less than a hundred data
points distributed sparsely in over five years’ time. Such
a data set provides an intriguing inverse problem, first
pointed out by V. Zappala at the Astronomical Obser-
vatory of Torino in 2001. Torppa and Muinonen showed
that such photometric data is capable of constraining
the spins as well as the shapes of asteroids. Pinet et
al. (2005) carried out a preliminary analysis of the lunar
imaging data provided by the AMIE multicolor camera
instrument aboard ESA’s SMART-1 mission.

Videen et al. (2005) reviewed, on one hand, the ex-
isting geometric models for aerosol particles, including
the Gaussian sphere, and, on the other hand, the vari-
ous numerical methods for the computation of the light-
scattering properties of small particles modeled using,
e.g., the Gaussian sphere. They emphasized the poten-
tial of the Discrete-Dipole Approximation in the scatter-
ing computations for realistically shaped particles.

Zubko et al. (2005) carried out a study, using the
Discrete-Dipole Approximation, of the backscattering
characteristics of small particles with hierarchical struc-
tures. Zubko et al. (2005, Moscow meeting) further fo-
cussed on the light-scattering characteristics of irregular
small particles with roughened surfaces. They showed
that the additional roughness caused systematic differ-
ences in the scattering characteristics of roughened and
un-roughened irregular particles. Green and Lumme
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(2005) studied light scattering by small particles using
the iterative Foldy-Lax scheme.

Penttilä et al. (2005) used Bayesian MCMC meth-
ods (Markov Chain Monte Carlo) to estimate the polar-
ization features of asteroids and comets. An empirical
model for polarization phase curves was applied to the
polarization observations. The errors of the estimated
polarization features were calculated, and the possible
wavelength effects on polarization were studied.

Also, Penttilä et al. showed that the polarization of
an asteroid and its taxonomic class correlate, and thus
the polarization carries information about the asteroids
surface material.

Penttilä and Lumme (2005) carried out numerical
simulations for random rough and particulate surfaces
and calculated the first-order scattering effects and disk-
integrated brightnesses. They used different surface cor-
relation functions, showing that the results depended
considerably on the function chosen. Furthermore, the
similarities in scattering by particulate and solid surfaces
were shown.

Muinonen et al. (2005; Salobreña meeting) compared
the physical-optics approximation and the next-to-exact
finite-difference time-domain treatment for light scatter-
ing by regular tetrahedral particles. They showed that,
insofar as the angular patterns of intensit y are con-
cerned, the physical optics approximation can provide
useful results already for wavelength-scale small parti-
cles, noting, however, the challenges remaining in the
linear polarization patterns.

Muinonen (2005) and Lumme et al. (2005) studied
coherent-backscattering phenomena for plane-parallel and
spherical media of spherical scatterers, as well as aggre-
gates of spherical consitituents,using the multiple-scat-
tering code by K. Muinonen and the Cluster-T-matrix
code by D. Mackowski and M. I. Mishchenko.

In 2005, Planetary-System Research published alto-
gether 19 articles in either refereed scientific journals or
collected/conference publications, a significant increase
as compared to the number of articles in 2004. Key-
words: absorption, scattering, multiple scattering, co-
herent backscattering, small particles, reflection, regolith,
asteroids, comets, planetary satellites, planetary rings,
interplanetary dust, atmospheric particles, celestial me-
chanics, statistical orbit computation, impact hazard,
collision probability Special equipment: In laboratory
astrophysics, PSR runs a state-of-the-art photometric
and polarimetric scatterometer (in Finnish, “sirometri”)
for backscattering measurements of particulate samples
relevant for solar system studies.

4.3 External financing and resources

2005: Man-months of work: 100

Academy of Finland, ’Light Scattering by Small
Particles, Asteroids, and Comets’: 9 400

�

Ministry of Education, ’Graduate School for
Astronomy and Space Physics’: 29 000

�

University of Helsinki, ’Asteroid and exoplanet
orbital inversion and linking problems’: 35 000
euro

Academy of Finland, ’Physical and Dynamical
Studies of Planetary-System Objects’: 46 000

�

TEKES, ’C-coat project’: 80 000
�

TEKES, ’Starch project’: 50 000
�

Academy of Finland, ’Mercury, Lunar and So-
lar Science with BepiColombo and SMART-1: X-
ray fluorescence from small-particle media’: 22 800

�

Academy of Finland, ’Coherent backscatter-
ing by complex random media’: 22 520

�

4.4 Tests of learning

Virtanen, Jenni

Asteroid orbital inversion using statistical meth-
ods; Ph.D. Thesis; 2005; University of Helsinki,
Department of astronomy.

4.5 Visits abroad

Granvik, Mikael

The X Meeting of Finnish National COSPAR
(FinCOSPAR), 12.5.2005, Helsinki–Stockholm, Fin-
land, 3 days

ACM meeting; Buzios, Brazil, 5.8.-15.8.2005,
11 days

DPS 2005 meeting; Cambridge, U.K., 3.9.-
11.9.2005, 9 days

Gaia SSWG meeting; Torino, Italy, 16.-19.11.
2005, 4 days

Muinonen, Karri

ESTEC/ESA, The Netherlands, 19.-20.1.2005,
2 days

ESTEC/ESA, The Netherlands, 24.-25.1.2005,
2 days

Astronomical Observatory, Copenhagen, Den-
mark, 24.-25.2.2005, 2 days

ESTEC/ESA, The Netherlands, 16.-17.3.2005,
2 days

SCA’05/Salobreña, Spain, 13.-23.5.2005,
10 days
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Nizza observatory, France, 25.-28.5.2005, 4 days

AOGS/Singapore, Singapore, 18.-24.6.2005, 7
days

University of Cambridge, U.K., 4.-10.9.2005,
7 days

Lowell observatory, USA, 22.9.-13.10.2005, 15
days

Uppsala university, Sweden, 18.-19.10.2005, 2
days

Alenia Spazio, Torino, Italy, 16.-19.11.2005, 4
days

ESTEC/ESA, The Netherlands, 13.-14.12.2005,
2 days

Niemelä, Jarkko

Nordic Optical Telescope (NOT), Canary Is-
lands, Spain, 16.-23.3.2005, 8 days

The X Meeting of Finnish National COSPAR
(FinCOSPAR), 12.5.2005, Helsinki–Stockholm, Fin-
land, 3 days

Nordic Optical Telescope (NOT), Canary Is-
lands, Spain, 6.-12.7.2005, 7 days

Näränen, Jyri

Nordic Optical Telescope, Spain, 5.-14.7.2005,
9 days

Nordic Optical Telescope, Spain, 11.-16.9.2005,
6 days

ESTEC, The Netherlands, 20.-21.9.2005, 2 days

University of Kyoto / JAXA, Japan, 12.-17.10.
2005, 10 days

Nordic Optical Telescope, Spain, 28.12.2005-
4.1.2006, 8 days

Parviainen, Hannu

The X Meeting of Finnish National COSPAR
(FinCOSPAR), 12.5.2005, Helsinki–Stockholm, Fin-
land, 3 days

Penttilä, Antti

8th Conference on Electromagnetic and Light
Scattering by Nonspherical Particles, Salobreña,
Spain, 15.-22.5.2005, 8 days

Torppa, Johanna

University of Cambridge, U.K., 4.-10.9.2005,
7 days

Tyynelä, Jani

The X Meeting of Finnish National COSPAR
(FinCOSPAR), 12.5.2005, Helsinki–Stockholm, Fin-
land, 3 days

Virtanen, Jenni

Nordic asteroid researchers’ meeting, Copen-
hagen, Denmark, 24.-25.2.2005, 2 days

Gaia/SSWG meeting, Torino, Italy, 17.-18.11.
2005,, 2 days

Cote d’Azur observatory, Nizza, France, 13.-
16.11.2005, 3 days

4.6 Papers read at scientific confer-

ences, symposia, meetings etc.

Granvik, Mikael

”Asteroid linking problem - finding hidden as-
teroids”, The X Meeting of Finnish National COSPAR
(FinCOSPAR), 12.5.2005, Helsinki–Stockholm, Fin-
land

”Linking and Identifying Hitherto Unidenti-
fied Asteroid Observations”, ACM 2005, 5.8.-15.8.
2005, Buzios, Brazil

”Linkages and Orbital Accuracies Obtained
for Asteroids Observed in the Spitzer First Look
Survey Ecliptic Plane Component and the Ground-
based Follow-up Program”, DPS 2005, 3.9.-11.9.
2005, Cambridge, U.K., poster

”Update on orbit computation”, Gaia SSWG,
16.-19.11.2005, Torino, Italy

Muinonen, Karri

”Conference on Electromagnetic and Light Scat-
tering by Nonspherical Particles”, nimi Conference
on Electromagnetic and Light Scattering by Non-
spherical Particles, 16.-20.5.2005, Salobreña, Gra-
nada, Spain, invited talk

”Coherent backscattering by spherical and plane-
parallel random media of miscellaneous scatterers”,
Conference on Electromagnetic and Light Scatter-
ing by Nonspherical Particles, 16.-20.5.2005, Salo-
breña, Granada, Spain

”Coherent backscattering by spherical and plane-
parallel random media of miscellaneous scatterers”,
Conference on Electromagnetic and Light Scatter-
ing by Nonspherical Particles, 16.-20.5.2005, Salo-
breña, Granada, Spain

”Light scattering by tetrahedral particles us-
ing physical-optics and finite-difference time-domain
techniques”, Conference on Electromagnetic and
Light Scattering by Nonspherical Particles, 16.-
20.5.2005, Salobreña, Granada, poster

”Multiple-scattering modeling for asteroid pho-
tometry and polarimetry”, nimi AOGS 2005, Asia
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Oceania Geosciences Society’s 2nd Annual Meet-
ing, 20.-24.6.2005, Singapore, Singapore, invited
talk

”Thousands of new asteroids among hitherto
unidentified moving objects?”, The XXXVIII An-
nual Conference of the Finnish Physical Society,
17.-19.3.2005, Espoo, Finland

”Asteroid orbit computation using statistical
techniques.”, The XXXVIII Annual Conference of
the Finnish Physical Society, 17.-19.3.2005, Espoo,
Finland

”Energetic charged particle measurements by
SIXS on-board BepiColombo”, The XXXVIII An-
nual Conference of the Finnish Physical Society,
17.-19.3.2005, Espoo, Finland

”Shapes, spins, and orbits of potentially haz-
ardous near-Earth asteroids”, The XXXVIII An-
nual Conference of the Finnish Physical Society,
17.-19.3.2005, Espoo, Finland

”The MIXS X-ray spectrometer for ESA’s Bepi-
Colombo mission to Mercury EGU”, European Geo-
sciences Union, General Assembly 2005, 24.-29.4.
2005, Wien, Austria

”SIXS, the Solar Intensity X-ray and particle
Spectrometer for BepiColombo”, European Geo-
sciences Union, General Assembly 2005, 24.-29.4.2005,
Wien, Austria

”Spins and shapes of potentially hazardous
asteroids”, European Geosciences Union, General
Assembly 2005, 24.-29.4.2005, Wien, Austria, poster

”Asteroid linking problem - finding hidden as-
teroids”, The X Meeting of Finnish National COSPAR
(FinCOSPAR), 12.5.2005, Helsinki–Stockholm, Fin-
land

”Mercury Imaging X-ray Spectrometer MIXS”,
The X Meeting of Finnish National COSPAR (Fin-
COSPAR), 12.5.2005, Helsinki–Stockholm, Finland

”SIXS, the Solar Intensity X-ray and parti-
cle Spectrometer for BepiColombo”, The X Meet-
ing of Finnish National COSPAR (FinCOSPAR),
12.5.2005, Helsinki–Stockholm, Finland

”Energetic charged particle measurements by
SIXS on-board BepiColombo”, The X Meeting of
Finnish National COSPAR (FinCOSPAR), 12.5.2005,
Helsinki–Stockholm, Finland, poster

”Physical and dynamical properties of poten-
tially hazardous near-Earth objects”, The X Meet-
ing of Finnish National COSPAR (FinCOSPAR),
12.5.2005, Helsinki–Stockholm, Finland, poster

”Statistical inversion of lunar surface topogra-
phy using SMART-1 AMIE imagery”, The X Meet-
ing of Finnish National COSPAR (FinCOSPAR),
12.5.2005, Helsinki–Stockholm, Finland, poster

”Asteroid orbit computation using statistical
techniques”, The X Meeting of Finnish National
COSPAR (FinCOSPAR), 12.5.2005, Helsinki–Stock-
holm, Finland, poster

”Linking and identifying hitherto unidentified
asteroid observations”, IAU Symposium No. 229,
Asteroids, Comets, Meteors, -12.8.2005, Buzios,
Rio de Janeiro, Brazil

”Asteroid polarimetry: recent results”, IAU
Symposium No. 229, Asteroids, Comets, Meteors,
8.-12.8.2005, Buzios, Rio de Janeiro, Brazil, poster

”Polarimetry of Kuiper belt objects and Cen-
taurs”, IAU Symposium No. 229, Asteroids, Comets,
Meteors, 8.-12.8.2005, Buzios, Rio de Janeiro, Brazil,
poster

”Multiple-scattering modeling for asteroid pho-
tometric and polarimetric phase effects”, 37th Di-
vision for Planetary Sciences Meeting, 5.-9.9.2005,
Cambridge, U.K.

”Gaia: an unprecedented tool for Solar Sys-
tem Science”, 37th Division for Planetary Sciences
Meeting, 5.-9.9.2005, Cambridge, U.K., poster

”Spins and shapes of potentially hazardous
asteroids”, 37th Division for Planetary Sciences
Meeting, 5.-9.9.2005, Cambridge, U.K., poster

”Linkages and orbital accuracies obtained for
asteroids observed in the Spitzer First Look Sur-
vey ecliptic plane component and the groundbased
follow-up program”, 37th Division for Planetary
Sciences Meeting, 5.-9.9.2005, Cambridge, U.K.,
poster

Penttilä, Antti

”Numerical solution to the first-order light scat-
tering by rough and particulate surfaces”, 8th Con-
ference on Electromagnetic and Light Scattering
by Nonspherical Particles, 15.-22.5.2005, Salobreña,
Spain

”Computer simulated packing of pigments”,
NETCOAT-seminar 16.-17.2.2005, Turku-Stockholm,
Sweden, poster

Torppa, Johanna

”Spins and shapes of potentially hazardous
asteroids”, 37th Division for Planetary Sciences
Meeting, Cambridge, U.K., poster
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Zubko, E.

”Collective effects by agglomerated debris par-
ticles in the backscatter”, 8th Conference on Elec-
tromagnetic and Light Scattering by Nonspherical
particles , 16.-20.5.2005, Salobreña, Spain,

”Influence of surface roughness on scattering
properties of wavelength-size particles simulating
regolith grains”, 42nd Vernadsky/Brown Microsym-
posium on Comparative Planetology, 10.-12.10.2005,
Moscow, Russia, poster

4.7 Visiting academics

Muinonen, Karri

Jedicke, Robert, Dr., University of Hawaii, In-
stitute for Astronomy, U.S.A., 10.-13. 9. 2005, 4
days

4.8 Membership in scientific and schol-

arly societies

Muinonen, Karri

International Astronomical Union, Commis-
sion 15 Organizing Committee, 2005, France

International Astronomical Union, Working
Group on Near-Earth Objects, 2005, France

International Astronomical Union, Working
Group on Comets and Distant Objects, 2005, France

Scientific Organizing Committee for 8th Con-
ference on Electromagnetic and Light Scattering
by Nonsphe-rical Particles: Theory, Measurements,
and Applications, Salobreña, Granada, Spain, 2005
May 16-20, 16.-20.5.205, Spain

Näränen, Jyri

Suomen tähtitieteilijäseura (Finnish Astronom-
ical Association), 2005-2006, Finland, chair

Virtanen, Jenni

Gaia Solar System Working Group (ESA), 2004-
2005

4.9 Acting as Opponent and pre-

examinations of doctoral dissertations

Muinonen, Karri

Ola Karlsson: ”Trojans in Transition”, Upp-
sala University, 19.10.2005, Sweden, opponent
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5 Other research activities

5.1 Membership in scientific and

scholarly societies

Tuominen, Ilkka

Astronomy & Astrophysics board of directors,
representative for Finland

International Astronomical Union, Finnish na-
tional committee, chair

European Southern Observatory, Scientific Tech-
nical Committee, representative for Finland

5.2 Additional information

Jetsu, Lauri

Department of astronomy, University of Helsinki,
Finland, chairman of the board

Finnish National Committee of Astronomy, Fin-
land, board member and secretary
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5.3 Lectures in 2005

Course (English) Course (Finnish)
spring term

approbatur
Universe now Maailmankaikkeus nyt (lectured in english)
Universe now Universum nu (lectured in Swedish)
Basics of observational astronomy II Havaitsevan tähtitieteen peruskurssi II
Practical methods in astronomy Tähtitieteen käytännön menetelmiä
Basic astronomy Tähtitieteen perusteet

cum laude
Stellar structure and evolution Tähtien rakenne ja kehitys

laudatur
CCD-astronomy CCD-tähtitiede
On scattering problems Sirontaongelmista
Interstellar matter Tähtitienvälinen aine
Exo-planetary seminar Eksoplaneettaseminaari
Research seminar on Accreting compact objects, Kompaktit kaksoistähdet ja aktiiviset galaksinytimet,

AGN, active stars and the Sun Aurinko ja aktiiviset tähdet (seminaari)
Astrophysics seminar: interstellar matter, Astrofysiikan seminaari: tähtienvälinen aine,

star formation and galaxies tähtien synty ja galaksit
Planetary system research seminar Planeettakunnan tutkimusseminaari

autumn term

approbatur
Universe now Maailmankaikkeus nyt
Universe now Universum nu (lectured in Swedish)
Basics of observational astronomy II Havaitsevan tähtitieteen peruskurssi II

cum laude
Physics of the solar system Aurinkokunnan fysiikka
Mathematical methods in astronomy I Tähtitieteen matemaattiset menetelmät I

laudatur
CCD-astronomy CCD-tähtitiede
Molecular clouds and star formation Molekyylipilvet ja tähtien synty
Variable stars Muuttuvat tähdet
Scattering of light by small particles Valonsironta pienhiukkasista
Research seminar on Accreting compact objects, Kompaktit kaksoistähdet ja aktiiviset galaksinytimet,

AGN, active stars and the Sun Aurinko ja aktiiviset tähdet (seminaari)
Astrophysics seminar: interstellar matter, Astrofysiikan seminaari: tähtienvälinen aine,

star formation and galaxies tähtien synty ja galaksit
Planetary system research seminar Planeettakunnan tutkimusseminaari
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6 Library

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

The observatory library has remained an independent
departmental library serving the specific needs of as-
tronomers. It has a close cooperation with the Kumpula
Science Library, a large campus library serving mainly
patrons from Faculty of Science.

In May 2005, some 200 shelf metres of periodical
publications were moved into a new condensed shelving
space in a renovated wing of the observatory building.
A group of astronomy students were recruited to move
the periodicals.

In 2003-2005, the librarian participated in a study
programme in library and information science, arranged
by University of Helsinki Palmenia Centre for Continu-
ing Education, financed by the European Social Fund.
As a part of this study programme, a number of essays
has been produced in the area of information science, fo-
cusing in astronomical publication activities. In Novem-
ber 2005, a database of 910 Finnish refereed astronomy
papers was compiled for a future in-depth bibliometric
analysis of Finnish astronomy.

6.1 Membership in scientific and schol-

arly societies

Isaksson, Eva

Library and Information Services in Astron-
omy (LISA) 5, Scientific Organizing Committee,
2004-2006
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7 Publications

7.1 Articles in refereed journals

1. Bonamente, M.; Lieu, R.; Mittaz, J. P. D.; Kaas-
tra, J. S.; Nevalainen, Jukka: Thermal and Non-
thermal Nature of the Soft Excess Emission from
Sérsic 159-03 Observed with XMM-Newton. As-
trophys. J. 629 (2005): 192-203.

2. Brocksopp, C.; Corbel, S.; Fender, R. P.; Rupen,
M.; Sault, R.; Tingay, S. J.; Hannikainen, Dia-

na; O’Brien, K.: The 2003 radio outburst of a new
X-ray transient: XTE J1720-318. Monthly Notices
R.A.S. 356 (2005): 125-130.

3. Cabanac, C.; Rodriguez, J.; Petrucci, P.-O.; Henri,
G.; Hannikainen, Diana; Schultz, Juho; Lund,
N.; Durouchoux, P.: Unveiling the nature of the
new transient IGR J19140+0951. Chinese Journal
of Astronomy & Astrophysics 5 (2005): Supple-
ment, 93-98.

4. Dieball, A.; Knigge, C.; Zurek, D. R.; Shara, M.
M.; Long, K. S.; Charles, P. A.; Hannikainen,

Diana; van Zyl, L.: An Ultracompact X-Ray Bi-
nary in the Globular Cluster M15 (NGC 7078).
Astrophys. J. 634 (2005): L105-L108.

5. Gänsicke, B. T.; Rodŕıguez-Gil, P.; Marsh, T. R.;
de Martino, D.; Nestoras, J.; Szkody, P.; Aung-
werojwit, 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 ZZCeti
white dwarf in SDSSJ133941.11+484727.5. Monthly
Notices R.A.S. 365 (2005): 969-976.

6. Granvik, Mikael; Muinonen, Karri: Asteroid
identification at discovery. Icarus 179 (2005): 109-
127.

7. Green, Kim; Lumme, Kari: Multiple scatter-
ing by the iterative Foldy-Lax scheme. Journal of
the Optical Society of America A 22 (2005): 1555-
1558.

8. Haikala, Lauri; Harju, Jorma; Mattila, Ka-

levi; Toriseva, Mikko: Clumpy filaments of the
Chamaeleon I cloud: N(C18O) mapping with the
SEST. Astron. Astrophys. 431(2005): 149-163.

9. Hakala, Pasi; Ramsay, Gavin; Muhli, Panu;
Charles, Phil; Hannikainen, Diana; Mukai, Koji;
Vilhu, Osmi: XMM-Newton observations of UW
CrB: detection of X-ray bursts and evidence for

accretion disc evolution. Monthly Notices R.A.S.
356 (2005): 1133-1138.

10. Hannikainen, Diana; Charles, P. A.; van Zyl, L.;
Kong, A. K. H.; Homer, L.; Hakala, Pasi; Naylor,
T.; Davies, M. B.: The X-ray source population of
the globular cluster M15: Chandra high-resolution
imaging. Monthly Notices R.A.S. 357 (2005): 325-
332.

11. Hannikainen, Diana; Rodriguez, J.; Vilhu, Os-

mi; Hjalmarsdotter, Linnea; Zdziarski, A. A.;
Belloni, T.; Poutanen, J.; Wu, K.; Shaw, S. E.;
Beckmann, V.; Hunstead, R. W.; Pooley, G. G.;
Westergaard, N. J.; Mirabel, I. F.; Hakala, Pasi;
Castro-Tirado, A.; Durouchoux, Ph.: Character-
izing a new class of variability in GRS 1915+105
with simultaneous INTEGRAL/RXTE observations.
Astron. Astrophys. 435 (2005): 995-1004.

12. Hildebrand, A. R.; Carroll K. A.; Tedesco, E. F.;
Faber, D. R.; Cardinal, R. D.; Matthews, J. M.;
Kuschnig, R.; Walker, G. A. H.; Gladman, B.;
Pazder, J.; Brown, P. G.; Worden, S. P.; Burrell,
D. A.; Chodas, P. W.; Larson, S. M.; Wallace, B.
J.; Muinonen, Karri; and Cheng, A. (2005). Ad-
vantages of searching for asteroids from low Earth
orbit: The NEOSSat mission. Earth, Moon, and
Planets 95 (2004): 33-40.

13. Juvela, Mika: Efficient Monte Carlo methods for
continuum radiative transfer. Astron. Astrophys.
440 (2005): 531-546.

14. Juvela, Mika; Padoan, P.: Multiresolution Ra-
diative Transfer for Line Emission. Astrophys. J.
618 (2005): 744-756.

15. Käpylä, P. J.; Korpi, M. J.; Ossendrijver, M.; Tuo-

minen, Ilkka: Estimates of the Strouhal number
from numerical models of convection. Astronomis-
che Nachrichten 326 (2005): 186-189.

16. Käpylä, P. J.; Korpi, M. J.; Stix, M.; Tuominen,

Ilkka: Local models of stellar convection II: Ro-
tation dependence of the mixing length relations.
Astron. Astrophys. 438 (2005): 403-410.

17. Laukkanen, J.; Lamsa, V.; Salminen, A.; Huove-

lin, Juhani; Andersson, H.; Alha, Lauri; Ha-
malainen, K.; Nenonen, S.; Sipila, H.; Tillander,
M.: Radiation hardness studies for the X-ray Solar
Monitor (XSM) onboard the ESA SMART-1 mis-
sion. Nuclear Instruments and Methods in Physics
Research A 538 (2005): 496-515.

18. Lehtinen, Kimmo K.; Mattila, Kalevi; Lemke,
D.: A cold globule with a Class 0/I embedded
source. Astron. Astrophys. 437 (2005): 159-168.
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19. Nevalainen, Jukka; Markevitch, M.; Lumb, D.:
XMM-Newton EPIC Background Modeling for Ex-
tended Sources. Astrophys. J. 629 (2005): 172-
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Karri: Coherent backscattering by aggregates of
spherical constituents. Proceedings of the 8th Con-
ference on Electromagnetic and Light Scattering
by Nonspherical Particles: Theory, Measurements,

and Applications, Eds. F. Moreno, J. J. López-
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In  November  2005,  PSR  was  invited  by  the  Gaia  community  to  take
charge  of  the  dynamical modeling  of  solar  system  objects  detected  by
Gaia. The ESA cornerstone mission will be launched in late 2011, and it
has a nominal duration of five years. The optical path of both telescopes
(Gaia will be looking in two directions simultaneously) is composed of
six  reflectors  (M1M6),  two  of  which  are  common  (M5M6).  The
entrance pupil of each telescope is 1.45m * 0.5m and the focal length is
35m. The payload module features a common focal plane shared by both
telescopes.

(Figure courtesy of EADS Astrium.)

Drawing  of  he  SIXS  (Solar  Intensity  Xray  and  particle  Spectrometer)
for ESA’s Bepicolombo mission  to Mercury. The PI of SIXS  is  Juhani
Huovelin  from  the  Observatory.  This  large  scale  project  will  continue
until  201920.  There  is  also  another  significant  contribution  from  the
Observatory  for  SIXS's  sister  instrument  MIXS,  whose  CoPI  is  Karri
Muinonen.

(Figure Credit: Oxford Instruments Analytical Ltd.)



April 29th, 2005: Seminar day at the Observatory.


