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Solar 
are proton transport through self-generated
turbulence

Alexandr Afanasiev and Rami Vainio

Department of Physics, University of Helsinki, Finland
alexandr.afanasiev@helsinki.�

We model the transport of 
are-associated energetic protons through self-generated Alfv�en
waves in the low corona, using the approach of Monte Carlo simulations. We consider
protons propagating inside an open 
ux tube after being released isotropically from a small-
sized source located in the 
ux tube. While moving in the tube the particles experience
resonant scattering o� Alfv�en waves, giving rise to an increase in the wave intensity. Our
simulations implement the full resonance condition of scattering for a set (spectrum) of the
waves. Particles are assumed to be absorbed if they reach the solar surface andescaped if they
reach the opposite end of the simulation domain, taken to be connected to the interplanetary
medium. Computations of the temporal behaviour of the escaped particle 
ux reveal that
under conditions corresponding to strong particle acceleration the proton release can have a
two-component structure, which is seen in observations. One of the components is formed
by fast protons that experience quite weak scattering o� the backgroundspectrum of waves,
and the other one is associated with protons trapped by the ampli�ed intensities of Alfv�en
waves.



Suprathermal electron depletion at 90 degree pitch angle
within magnetic cloud

Katerina Andreeova

University of Helsinki
katerina.andreeova@helsinki.�

Interplanetary magnetic clouds (MC) are important solar wind wind phenomena a�ecting
space weather and the Earth's magnetosphere. We have analyzed a magnetic cloud observed
by ACE, Wind, and Themis B and C, in the solar wind on 3-4 September 2008. An Earth-
directed coronal mass ejection (CME) was recorded by coronagraphs onboard the SOHO
and STEREO B spacecraft on 31 August, 2008. A few days later a north-south oriented
MC without a leading interplanetary shock, pushed by high speed stream from behind, was
observed in sequence by all available solar wind monitors from the �rst Lagrangian point L1
to the Earth's vicinity.

We observed a depletion of suprathermal electrons at 90 degree pitch angle within mag-
netic cloud. Depletion of suprathermal electrons at 90 degree pitch angle often occurs on
closed �eld lines within CMEs, as well as a halo consisting of suprathermal electrons that
were scattered from the strahl or accelerated at an interplanetary shock. We show that the
depletion can occur also as a result of the interaction with the stream interface ahead of the
magnetic cloud.



Distribution of Globular Clusters After a Merger

Sarah Bird1, Chris Flynn2, Seppo Mikkola1

1Tuorla Observatory, Univeristy of Turku, Finland
sarah.bird@utu.¯

2Finnish Centre for Astronomy with ESO, University of Turku, Finland

Globular clusters are born early in the life of a galaxy, in a period when major mergers are
still taking place. Once the galaxy is fully formed, it is possible for late mergers to disturb the
globular cluster distribution. Through simulations I showthe possible dynamics of globular
clusters in a Milky Way type galaxy during and after a late dwarf galaxy merger.



Solar twins from the Geneva Copenhagen Survey and
their impact on the true solar colours

Juliet Datson1, Chris Flynn2;3 and Laura Portinari1

1Tuorla Observatory, University of Turku, Finland
juliet.datson@utu.�

2Department of Physics and Astronomy, University of Sydney, NSW 2006 Australia
3Finnish Centre for Astronomy with ESO, University of Turku, FI-21500, Piikkio, Finland

When selecting candidate solar twins, both photometric and spectroscopic criteria have to be
considered. I used Sun-like stars from the Geneva Copenhagen Survey, pre-selecting absolute
magnitude, b� y colour and metallicity to be close to the solar values. The aim was to �nd
in this sample the objects which are spectroscopically closest to the Sun. I present the best
stars ful�lling these combined photometric and spectroscopic criteria, and use our sample
of solar twin candidates to discuss the metallicity and temperature scales in the Geneva
Copenhagen Survey and the solarb� y colour.



Wave coupling Processes leading to Type II Radio Burst
Emission

Urs Ganse1, Felix Spanier1 and Rami Vainio2

1Lehrstuhl f•ur Astronomie, Universit•at W•urzburg, Germany
uganse@astro.uni-wuerzburg.de

2Department of Physics, University of Helsinki, Finland

Type II Radio Bursts are transient electromagnetic events observed in conjunction with
coronal mass ejections from the sun. While these events are well-observed since more than
50 years, their emission mechanism is still not fully understood.

A coronal mass ejection is a very large-scale event spanning many solar radii in diameter,
stretching over many orders of magnitude in density and hence in plasma frequency. Yet,
Type II Radio Bursts are very narrowband events, therefore obviously requiring unique
conditions on the CME shock fronts which lead to a very small emission region.

Recent models attempt to explain the emission process with electron beams accelerated
by shock-drift acceleration at a quasi-perpendicular point along the curved shock front.
These electron beams follow the interplanetary magnetic �eld into the otherwise quiescent
foreshock region, where they excite Langmuir waves through beam-driven instability.

These Langmuir-Waves then undergo nonlinear three-wave interaction processes, �nally
leading to radio emissions with fundamental (! pe) and harmonic (2! pe) frequency.

Using our fully relativistic, three-dimensional particle-in-cell simulation code, we are
trying to con�rm these theoretical models, and study the fundamental plasma processes in
the foreshock region. Our simulations reproduce the phenomenology of type II bursts and
allow us to determine geometry- and parameter-dependencies of the emissions.
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The Oort cloud and the motion of the Sun around the
Galaxy

Esko Gardner1

1Observatoire de Besan�con, UTINAM, Universit de Franche-Comt, France
esko@obs-besancon.fr

Should the Oort cloud care about how the Solar System moves around the Galaxy? The
e�ect on the Oort cloud is not limited to a simple system a�ected by vertical motion, but is
far more complex. The full 3D-motion of the Solar System around the Galaxy has a profound
e�ect on the Galactic tide, and through that, the Oort cloud. I will address what can kind
of periodicity can we �nd, and how far back does it make sense to examine the motion of
the Sun. I will present the recent results on the combination of a simulated Solar orbit and
simulated cometary orbits.



Detecting natural Earth satellites

Mikael Granvik

Department of Physics, University of Helsinki, Finland
mgranvik@iki.�

Natural Earth satellites (NES) are objects temporarily captured by the Earth-Moon
system (EMS) from the near-Earth-object (NEO) population. The current observational
evidence for this population consists of a single object, the few-meter-diameter 2006 RH120,
that was captured for about a year beginning in June 2006. Another object, 1991 VG, was
also temporarily captured some 15 years earlier but it is not yet clear whether it is a natural
object or not.

For the �rst time ever, we estimate the steady-state size-frequency distribution and
orbital-element time-residence distribution for NESs through orbital integrations and the
best NEO models currently available. In the present work, NESs are captured from the
NEO population solely by their gravitational interaction with the EMS. We de�ne Earth
satellite captures by requiring both a negative orbital two-body energy with respect to the
Earth and a geocentric distance less than three Earth's Hill radii. Revolutions about the
Earth are measured in a co-rotating frame, and objects that make at least one revolution
around the Earth while being captured are called temporarily-captured orbiters (TCO). An
average TCO is captured for some 270 days and makes about 3 revolutions around the Earth
during that time. We predict that there is at least one TCO larger than about 1 m orbiting
the Earth at any given instant.

In my presentation I will explain why NESs are scienti�cally interesting and discuss
various options to discover these objects ranging from existing and planned optical sky
surveys (such as Pan-STARRS 1 and the Large Synoptic Survey Telescope) to meteor radars.
I will also touch upon the follow-up capabilities required to maximize the scienti�c return of
future NES discoveries.



WHIM and LSS

Pekka Hein•am•aki1

1Tuorla Observatory, Department of Physics and Astronomy, University of Turku, Finland
pekheina@utu.�

In the present epoch (z < 1-2) about 50 percent of the baryons are missing making the
problem of missing baryons one of the open questions in cosmology. According to theory
the bulk of the missing baryons are hidden in low-density plasma called WHIM (warm-hot
intergalactic medium) that traces the cosmic large-scale web. Numerical simulations have
shown that the di�uce emission generated by WHIM can be detected in superclusters of
galaxies, using the Sunyaev-Zeldovich (SZ) signals in the Planck data (Flores-Cacho et al.
2009). Our goal is to cross-correlate of y-maps with supercluster template maps and study
the distribution of WHIM at large scales.

References

Flores-Cacho et al. (2009): MNRAS, vol400, 1868-1880.



In situ observations of particle acceleration in
shock-shock interaction

H. Hietala,1 N. Agueda,2;3 K. Andr�eeov�a, 1 R. Vainio,1 S. Nylund,4

E. K. J. Kilpua, 1 and H. E. J. Koskinen1;5

1Department of Physics, University of Helsinki, Finland.
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2Space Science Laboratory, University of California, Berkeley, USA.
3Dept. d'Astronomia i Meteorologia, Universitat de Barcelona, Spain.

4Applied Physics Laboratory, Johns Hopkins University, USA.
5Finnish Meteorological Institute, Helsinki, Finland.

We use detailed multi-spacecraft observations to study theinteraction of an interplanetary
(IP) shock with the bow shock of the Earth on August 9{10, 1998. We can distinguish
four di�erent phases of particle acceleration in the shock-shock interaction: (1) formation of
magnetic contact with IP shock and the seed population of energetic particles accelerated by
it, (2) reacceleration of this population by the bow shock, (3) �rst order Fermi acceleration
as the two shocks approach each other, and (4) particle acceleration and release as the
shocks collide. Such a detailed analysis was made possible by the particularly advantageous
quasi-radial interplanetary magnetic �eld con�guration, as illustrated in Fig. ??. To our
knowledge this is the �rst time the last phase of acceleration at a shock-shock collision has
been reported usingin situ space plasma observations.
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Figure 1: A schematic illustration of the event depicting the satellite locations (dots), mag-
netic �eld (thin black lines), the Earth's bow shock (red paraboloid), and the IP shock (red
solid line and red dashed line). The magenta spirals depict energetic particles.



Reconstruction of magnetic clouds close to the Sun
(5-20R� ) and at 1AU

Alexey Isavnin1, Angelos Vourlidas2, Emilia K.J. Kilpua 1

and Hannu E.J. Koskinen1;3

1University of Helsinki
2Naval Research Laboratory

3Finnish Meteorological Institute

Studying the evolution of magnetic clouds caused by coronalmass ejections (CMEs) using
in-situ data is a hard task since only a limited number of observational points is at hand.
In this work we use forward modeling technique to analyse STEREO/SECCHI coronograph
images of CMEs in the close vicinity of the Sun (5-20R� ) in order to estimate the orientation
of magnetic clouds (MCs) in the solar wind. At 1AU we use WIND/ACE and STEREO
spacecraftin-situ measurements to conduct Grad-Shafranov reconstruction ofMCs. Thus
using forward modeling and Grad-Shafranov reconstructionit is possible to see how the
orientation of the MC evolved while propagating from the theSun to 1AU. We present both
techniques and use them to study some MCs observed during theminimum following the
solar cycle 23.
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Identi�ying CR lepton sources with a numerical
transport model

Alex Ivascenko and Felix Spanier

ITPA, Universit•at W•urzburg, Germany, aivascenko@astro.uni-wuerzburg.de

We present our CR transport model in application to the high energy electron transport in
the ISM. The model is a numerical extension to the analytical model introduced in Hein and
Spanier (2008). Spatial and momentum di�usion, particle escape, acceleration via Fermi
I and continuous energy losses were taken into account and their e�ects on the steady-
state energy spectrum analyzed. In solving the transport equation we employed quasi-linear
transport theory, the di�usion approximation and a separation of the spatial and momentum
problem to obtain the leaky-box-equation, which was then solved numerically. The spatial
problem was solved analytically in cylindrical and prolate spheroidal coordinates.
The transport model was employed to calculate the spectrum of secondary leptons in our
galaxy, which is assumed to be dominated by leptons from pion decay. The lepton spec-
trum from collisions of highly relativistic CR protons with thermal protons in the ISM was
calculated using the parametrization of pion production in p-p-collisions from Kelner et al.
(2006) and used as the injection spectrum for the transport model. With realistic simulation
parameters the resulting positron 
ux in the vicinity of the solar system lies remarkably close
to the low-energy PAMELA data. Assuming a generic power-law primary e� spectrum and
an additional e+ -e� source allows us to �t the datasets from PAMELA, Fermi and HESS very
nicely and to put constraints on several transport model parameters and the corresponding
ISM properties.
While this homogeneos and time-independent model can be applied very successfully to the
problem of secondary lepton transport, for the aditional leptonic component required to
explain the complete Fermi and PAMELA data sets we need to abandon some simplifying
assumptions like homogeneity and quasiliniear theory. We do this in our new time-dependent
transport model based on a 6-dimensional Vlasov-code that we will employ to investigate
nearby point sources (i.e. Pulsars/PWN).
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How to make elliptical galaxies red and dead

Peter H. Johansson1;2 (email: Peter.Johansson@helsinki.�)
1Finnish Centre for Astronomy with ESO, University of Turku, 21500 Piikki•o, Finland
2Department of Physics, P.O. Box 64, University of Helsinki, 00014 Helsinki, Finland

Recent observations have revealed a clear bimodality in thelocal galaxy population. Galaxies
above a critical stellar mass ofM crit ' 3 � 1010M � are dominated by red spheroidal systems
with old stellar populations, whereas galaxies belowM crit are typically blue, star-forming
disk galaxies. In order to explain the observed bimodality star formation in galaxies hosted
by massive dark matter haloes aboveM � 1012M � needs to be suppressed.

We study the formation of elliptical galaxies using both numerical merger simulations and
simulations in a full cosmological setting. The simulations include cooling, star formation
and feedback from supernovae and black holes (BHs). In the merger simulations tidal torques
drive a signi�cant fraction of the available gas to the centers of the galaxies, where it can be
accreted onto the central supermassive BH. This process results in strong thermal feedback
which drives out the gas from the galaxies and thus terminates star formation. In the left
panel of Fig. 1 we demonstrate that this process is a strong function of the merger-mass ratio
(Johansson et al. 2009a). In the right panel of Fig. 1 the starformation rate of cosmologically
forming ellipticals is shown for which the star formation rate peaks at redshifts ofz � 4� 5.
After this the SFR declines exponentially accompanied by an increase of the di�use gas
temperature in the galaxies. This heating is the result of gravitational feedback caused by
the accretion of a large number of stellar clumps that deposit energy into the gas through
dissipation of turbulence (Johansson et al. 2009b).

Figure 1: The SFRs of merger simulations (left) and cosmological simulations (right).
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Herschel Studies of Galactic Star Formation

Mika Juvela

Department of Physics, University of Helsinki, Finland
mika.juvela@helsinki.�

In the project Galactic Cold Coreswe are studying dense cloud cores in the Milky Way
to better understand the initial phases of the star formation process. The study is based
on Planck and Herschel satellite observations. While the Herschel observations are still
continuing, we present some initial results from the project.

The Planck satellite is performing all-sky observations over a wide wavelength range
that includes three sub-millimetre bands. The survey has already provided thousands of
detections of cold dust cores, covering a wide range of Galactic locations and environments
(Planck Collaboration 2011a,b). As a follow-up, we are now in the process of mapping more
than one hundred �elds with the Herschel satellite. The high spatial resolution combined
with a good spectral coverage of the peak of the dust emission enables us to determine
the physical characteristics of the cores and to correlate these with the properties of their
environment.

The results show the great variety of the sources, both in morphology and physical
characteristics. Dense cores are found preferentially in fragmenting �lamentary structures
that, in many case, show signs of external triggering. The analysis of the dust emission
spectra has given indications of related changes in the properties of the interstellar dust
grains (Juvela et al. 2010, 11).
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The Mars Phoenix MET Pressure Sensor -
Data Quality and Science Results

Henrik Kahanp•a•a1, Jouni Polkko1, Maria Genzer1,
Ari-Matti Harri 1 and Walter Schmidt1

1Finnish Meteorological Institute, Finland (Henrik.Kahanpaa@fmi.�)

The Phoenix Lander landed on the Martian northern polar region 25.5.2008.
During the 151 sol long mission the weather at the landing site was monitored
with the MET instrument, provided by the Canadian Space Agency (CSA).
The MET experiment included a pressure sensor provided by Finnish Mete-
orological Institute (FMI). The aim of this presentation is to introduce the
technical implementation of the sensor and the �rst scienti�c results. Also
error sources a�ecting the science data are discussed.

The Phoenix pressure sensor was based on technology developed by Vaisala
corporate. A Barocap sensor head was used to measure pressure readings
with 2 s sampling intervals almost continuously during the mission. The
sensor ful�lled its requirements and the overall quality of the data was good.
The most signi�cant error source was a constant +2.8 2 Pa o�set. There
were also errors caused by fast variations in the sensors temperature but
these could be compensated almost completely. The response time of the
sensor, 2.8 0.2 s, had to be taken into account in studies of dust devils [1].

The �rst science results based on the Phoenix pressure data are presented
in [3] and [1]. The pressure readings followed a model based on Viking
lander observations [4], corrected for elevation di�erences, with a circa +10
Pa o�set [2] [3]. 502 pressure drops indicating the passage of dust devils
were detected. A strong correlation between active weather events like low-
pressure baroclinic systems and dust devil activity was found [1].
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Studies of Rare Core-collapse Supernovae with ESO
Telescopes

E. Kankare1;2, M. Ergon3, F. Bufano4, S. Mattila1, S. Benetti4,
M-T. Botticella 4;5, R. J. Cumming3, C. Fransson3, R. Kotak5, P. Lundqvist3,
A. Pastorello5, J. Sollerman3, M. Stritzinger3, M. Turatto 6, S. Valenti4;5
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2 Nordic Optical Telescope, Apartado 474, E-38700 Santa Cruz de La Palma, Spain
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We have obtained extensive spectroscopic and photometric dataset of supernova (SN)
2009kn as a part of the ESO Large Programme 'Supernova Variety and Nucleosynthesis
Yields' using mainly the ESO telescopes / instruments VLT / X-Shooter, VLT / UVES, NTT
/ EFOSC2 and NTT / SOFI. SN 2009kn is a narrow-line Type II (IIn) SN with the spectra
dominated by narrow Balmer lines (FWHM = 1100 km s� 1) indicating strong interaction
with the circumstellar medium. Both the photometric and spectroscopic evolution of SN
2009kn resembles the behaviour of SN 1994W, the nature of which has been explained by
two very di�erent models, which we can test with the new well sampled dataset of SN 2009kn.



A Polarization Survey for Magnetic Fields in AM CVn
systems

Seppo Katajainen1, Pasi Hakala1, Gavin Ramsay2, Thomas Barclay3

1Finnish Centre for Astronomy with ESO, University of Turku, Finland
sekataja@utu.�

2Armagh Observatory, Northern Ireland, UK
3 Ames Research Center, NASA, USA

AM CVn Binaries

The AM CVn systems are binaries with orbital periods of less than 70 minutes. Unlike
the Cataclysmic Variable stars (CVs), AM CVns are hydrogen de�cient binaries. They
are particularly notable for two reasons: they have an extremely short orbital periods and
are almost entirely hydrogen de�cient. The main reasons to study these binaries are: 1)
their space density is a sensitive test of binary population synthesis models which in turn are
input to galactic population models, 2) they are the strongest known sources of gravitational
wave radiation , and 3) they are the best sources in which to understand hydrogen de�cient
accretion 
ows.

Magnetic Fields in AM CVn Systems

A detection of circular polarization in AM CVn system have important consequences for
binary evolution theory and will allow us to place constraints on the dominant formation
channel of AM CVn systems, which is a crucial ingredient in understanding CV evolution in
general. This in turn has signi�cant implications for example for understanding even type Ia
SNe evolution paths. In our survey aims are to determine the fraction of AM CVn systems
that show signs of strong magnetic �elds. A detection of a magnetic �eld among AM CVn
stars is of exceptional interest as it represent the �rst such detection in this class of object,
furthermore it reveal the nature of accretion in this class in general and allow the study of
magnetically con�ned accretion of He 
ows.

We have observed a sample of the brightest AM CVn systems using circular spectropo-
larimetry and imaging polarimetry to search for evidences of strong magnetic �elds. In this
talk we will show our �rst results from those polarimetric surveys in the Nordic Optical
Telescope (NOT) and ESO VLT telescopes. Importance of these results for evolutionary
models of AM CVn binaries will be discussed.



x-ray microtomography investigations of the cosmic dust
- internal structure and physical properties

Tomas Kohout1

1Department of Physics, University of Helsinki
tomas.kohout@helsinki.�

Physical properties and internal structure of cosmic dust in the form of 100 um sized microm-
eteorites collected in Novaya Zemlya, Russia, were investigated using x-ray microtomography
(XMT) at Department of Physics, University of Helsinki. Previously applied methods for
physical properties measurements at our facilities (gas pycnometry, glass beads based volume
measurements) were limited to meteorite samples larger than few cm. XMT allow sample
measurements sized from 10 cm down to 50 um with 1 um resolution (voxel size) extending
our measurable sample range down by 3 orders of magnitude. Results from Novaya Zemlya
micrometeorites indicate prevailing silicate composition with variations in internal structure
from glassy to barred or porphyritic olivine structure. Additionally to internal structure
imaging, XMT allows bulk particle shape and volume calculation. Quantitative volumetric
3D calculations of various compositional fractions as well as of pore space within scanned
particles were done. The micrometeorites were found to be quite compact with porosity
mostly below 3XMT proved to be capable of non-destructive investigation tool suitable for
extraterrestrial material studies. It can be also used for non-destructive material investiga-
tions for engineering purposes or to non-destructive studies of future sample returns from
planetary and minor Solar System bodies.



Detailed multi-wavelength look at FK Comae Berenices

Heidi Korhonen1;2, Tom Ayres3, Vinay Kashyap4, Thorsten Carroll5, and
Swetlana Hubrig5

1Niels Bohr Institute, University of Copenhagen, Denmark
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heidi.h.korhonen@utu.�
3Center for Astrophysics and Space Astronomy, University of Colorado, Boulder, USA

4Harvard-Smithsonian Center for Astrophysics, Cambridge, USA
5Leibniz Institute for Astrophysics, Potsdam, Germany

We have carried out a large space and ground based observing campaign of the active single
star FK Comae Berenices. Our multi-wavelength observations have been obtained using,
among others, HST, Chandra, ESO VLT, Pic du Midi, and telescopes on Canary Islands.
FK Com is an ultra-fast rotating, single yellow giant, a product of a recent W UMa merger.
Extraordinary levels of far ultraviolet and X-ray emission, the likes of which are usually
only seen in close binary systems, make FK Com a unique target to study the atmospheres
of low-gravity stars without the added complication of binarity. Our HST and Chandra
observations probe the coronal structures, while ground based photometry, spectroscopy and
spectropolarimetry give information on the photospheric cool spots, chromospheric activity
and magnetic �eld con�gurations. Together these observations can be used to investigate the
whole stellar atmosphere from photosphere to corona. Here, we will discuss our observing
campaign and pres



The link between supermassive black holes and their
host galaxies at low redshift

Jari Kotilainen1

1Finnish Centre for Astronomy with ESO, University of Turku, Finland
jarkot@utu.�

Accretion onto a supermassive black hole (SMBH) is the most viable explanation for the huge
emitted power of quasars. At low redshift, tight correlations between the mass of the BH and
the luminosity, mass and the stellar velocity dispersion of the host galaxy bulge indicate a
strong link between the formation of massive spheroids and that of the SMBH in their center.
We present �rst results from a project of near-infrared imaging of low redshift quasars with
HST or SDSS spectra (from which to estimate the virial masses of their SMBHs), to resolve
their host galaxies and to determine their bulge luminosity. We shall study the evolution of
the BH-bulge relation with the cosmic epoch in an enlarged low redshift sample; and address
the extension of the relation towards lower BH masses than currently available.



From CPU cycles to solar cycles

Petri J. K•apyl•a 1;2 and Maarit J. Mantere1

1Physics Department, P.O. Box 64, FIN-00014 University of Helsinki, Finland
petri.kapyla@helsinki.�

2NORDITA, Roslagstullsbacken 23, SE-10691 Stockholm, Sweden

Explaining the solar magnetic cycle remains one of the main issues in solar physics. Whilst
simpli�ed models relying on averaged equations of magnetohydrodynamics can reproduce
many observed features, the included physics are poorly constrained due to which the desired
result is achieved only after �netuning. On the other hand, more realistic models solving
the equations of magnetohydrodynamics in three dimensionsfrom �rst principles, fail to
reproduce many observed features such as the internal rotation pro�le of the Sun and the
equatorward migration of the activity belts (e.g. K•apyl•a et al. 2010, 2011). The most likely
reason is that the numerical resolution of the simulations is still far from that required to
resolve all the physically relevant scales in the Sun (cf. K•apyl•a 2011 and references therein).

Here we summarize the numerical challenges and discuss the possibility of using subgrid-
scale models of turbulence in order to alleviate the shortcomings of direct simulations. Recent
results from high resolution 3D magnetohydrodynamic simulations with additional subgrid-
scale modeling of turbulence are presented.
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Figure 1: Radial velocity near the stellar surface from fourmodels with increasing rotation.
Adapted from K•apyl•a et al. (2011).



The continuous period search method

Jyri Lehtinen1

1 University of Helsinki
jyri.j.lehtinen@helsinki.�

We have formulated an improved analysis method for modelling long photometric time series
of magnetically active stars. The continuous period search method (CPS) uses a low order
Fourier model to describe the shape of the observed light curve. This modelling is performed
in short subsets of the total data, overlapping with each other. This allows us to monitor
closely the time evolution of the photometric rotation period, the mean di�erential magnitude
and total amplitude of the light curve as well as the epochs of the primary and a possible
secondary light curve minima. Furthermore, the CPS determines the correct complexity for
the Fourier model to be used in each subset, using the Bayesian information criterion. This
allows us to determine periods of time with no observable light variation, as well as to avoid
over �tting. Lastly, the CPS computes an estimate for the time scale in which the light
curve, i.e. the spot distribution on an active star, changes signi�cantly



The European Southern Observatory
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The European Southern Observatory (ESO) operates the La Silla Paranal Observatory, is
the European partner in the Atacama Large Millimeter Array (ALMA) and is planning the
next generation 40m-class optical-infrared telescope. The Very Large Telescope (VLT) array
with four 8m telescopes is part of the La Silla Paranal Observatory in Northern Chile, which
also includes three 4m telescopes. The individual VLT telescopes can be combined to form
an interferometer. ALMA will start operations later this year and will open a new observing
window with sensitive millimeter-wave observations of the cold universe. ESO is proposing
to build a 40m-class extremely large telescope, which would enable enable major advances
into the study of exo-planets, the formation of stars and galaxies and cosmology.

This presentation will provide an overview of the activities at ESO and the research
achieved with its facilities.



MAGIC observations of 
at spectrum radio quasars:
Challenging the high energy emission zone
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The blazar zone in quasars is commonly assumed to be located inside the broad-line region at
some hundreds of Schwartzschild radii from the central black hole. The MAGIC observations
of two 
at spectrum radio quasars 3C 279 and PKS 1222+216 challenge this picture.

MAGIC

MAGIC is system of two 17 meters Cherenkov Telescopes located in Observatorio del Roque
de los Muchachos on La Palma, 2200 above sea level. MAGIC-I has been in operation since
2004 and stereoscopic system has been operation since 2009. The low energy threshold of 50
GeV (with special trigger 25GeV) allows observations of distant universe and overlap with
the Fermi satellite.

MAGIC observations of 
at spectrum radio quasars

MAGIC has observed two VHE
 -ray 
ares from 
at spectrum radio quasars (Aleksi�c et
al. 2011a and 2011b). In the case of 3C 279 the VHE
 -ray 
are is concurent with optical

are which can be associated with the an VLBA component emerging from the core just
before the 
are. For PKS 1222+216 the simultaneous observation with Fermi satellite and
MAGIC show that the spectrum can be described by a single power law with photon index
2:72� 0:34 between 3 GeV and 400 GeV, and this is consistent with emission from a single
component in the jet. The absence of a spectral cuto� constrains the
 -ray emission region
to lie outside of the broad-line region, which would otherwise absorb the VHE
 -rays. On
the other hand, the MAGIC measurement of a doubling time of about 10 minutes indicates
an extremely compact emission region, in con
ict with the "far dissipation" scenario.
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Accuracy of core mass estimates in simulated
observations of dust emission
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We study the reliability of the mass estimates obtained for molecular cloud cores using
sub-millimetre and infrared dust emission.

We use magnetohydrodynamic simulations and radiative transfer to produce synthetic
observations with spatial resolution and noise levels typical of Herschel surveys. We estimate
dust colour temperatures using di�erent pairs of intensities, calculate column densities with
opacity at one wavelength, and compare the estimated masses with the true values. We
compare these results to the case when all �ve Herschel wavelengths are available. We
investigate the e�ects of spatial variations of dust properties and the in
uence of embedded
heating sources.

Wrong assumptions of dust opacity and its spectral index� can cause signi�cant sys-
tematic errors in mass estimates. These are mainly multiplicative and leave the slope of the
mass spectrum intact, unless cores with very high optical depth are included. Temperature
variations bias the colour temperature estimates and, in quiescent cores with optical depths
higher than for normal stable cores, masses can be underestimated by up to one order of
magnitude. When heated by internal radiation sources, the dust in the core centre becomes
visible and the observations recover the true mass spectra.

The shape, although not the position, of the mass spectrum is reliable against obser-
vational errors and biases introduced in the analysis. This changes only if the cores have
optical depths much higher than expected for basic hydrostatic equilibrium conditions. Ob-
servations underestimate the value of� whenever there are temperature variations along the
line of sight. A bias can also be observed when the true� varies with wavelength. Internal
heating sources produce an inverse correlation between colour temperature and� that may
be di�cult to separate from any intrinsic � (T) relation of the dust grains. This suggests
caution when interpreting the observed mass spectra and the spectral indices.



16 years of starspot evolution on II Peg
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II Pegasi, the more massive G-K giant component of a fast-rotating RS CVn binary system,
has been spectroscopically monitored for almost 20 years with the SOFIN spectrograph at
the Nordic Optical Telescope (NOT, La Palma, Spain), the last seven years in the spectropo-
larimetric mode, and even over a longer period of time with photometric telescopes.

An analysis of roughly 16 years of spectroscopic and photometric observations (1994-
2010; Lindborg et al. 2011; Hackman et al. 2011) has revealed a clear long-term variability
of the overall activity level of the star. During the previous maximum of spot activity
during 1997-1999, the two active longitudes were clearly visible, and short-term changes of
their relative activity level (
ip-
ops) could be detected. In addition, the spot-generating
system was observed to migrate in the orbital frame of the binary system, so that due to
its shorter period, it was moving forward in the phase space. A clear minimum in the spot
activity was seen in 2004-2007, during which either no spots, or weaker spots with a random
distribution over phases, could be seen. During the recent years, the star has, again, shown
indications of increased magnetic activity.

Analysis of the spectropolarimetric observations, with the help of which also the magnetic
�eld vectors on the stellar surface can be mapped, is on its way. Theoretical interpretation
as to why the magnetic activity of rapid rotators is so markedly di�erent from the solar case,
is also actively sought for.
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X-ray luminosity function of rotation-powered pulsars
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We present the calculations of the X-ray luminosity function of rotation-powered pulsars.
The luminosity function was calculated in two di�erent ways: using Monte Carlo simulations
and using an analytical model describing the evolution of pulsars for various birth rotation
period and magnetic �eld distribution functions. In our simulations we used the recent
observational results on the dependence of the radiative X-ray e�ciency on the characteristic
age of the pulsars (Vink, Bamba & Yamazaki, 2011), which implies a higher number of young
bright pulsars. We show that the X-ray luminosity function has a slope, which is similar
to the observed X-ray luminosity function obtained by Grimm et al. (Grimm, Gilfanov &
Sunyaev, 2003). We discuss possible contribution of the rotation-powered pulsars to the
observed X-ray luminosity function and the connection between the young rotation-powered
pulsars and ultra-luminous X-ray sources.
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Electric Solar Wind Sail:
Discovering solar system further and faster
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Electric Solar Wind Sail

The Electric Solar Wind Sail (E-Sail) uses charged tethers to extract momentum from the
solar wind ions (mainly protons) to obtain propulsive thrust. It is a new propulsion method
for interplanetary travel, which was invented in 2006 and iscurrently under development
(Janhunen et. al. 2010).

The charging of the E-Sail wires can be accomplished by an electron gun powered by
around ten square meters of solar panels. On moving outward in the solar system the power
produced by the solar panels scales down at the same rate withthe solar wind density and
thus the power demand. The E-sail thrust capability also compares very favorably with that
of a photonic solar sail. The thrust of an E-Sail is inverselyproportional to the distance
from the Sun asF / (1=r). In comparison, the thrust produced by a photonic solar sail
is F / (1=r2). Thus the E-Sail has a particular potential for outer solarsystem missions
compared to a photonic solar sail.

Soaring around Solar System

The projected performance of the E-sail is high in comparison to existing methods. For
example, the E-sail could throw a 500 kg payload to Saturn in 1.7 years or to Uranus in
3.1 years, or it could to take a 1000 kg payload to a rendezvousorbit with Mercury in
approximately 9 months. The E-sail would also enable a number of qualitatively new types
of missions, such as a probe that visits a signi�cant number of asteroids during its lifetime.
The Electric Solar Wind Sail technology, once developed, will open new revolutionary ways
to execute Solar system research.
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(Sub)millimetre studies of massive infrared dark clouds:
probing the early stages of high-mass star formation
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Despite a very active research over the last decade, the formation of high-mass stars is still
not well understood. Understanding the early evolutionary stages of massive star formation
is highly dependent on understanding the physical and chemical properties of the massive
molecular clumps and cores where the actual star-formation process takes place. This re-
quires studies of the earliest observable stages of high-mass star formation at (sub)millimetre
wavelengths.

In recent years it has become evident that the issues regarding the very �rst steps of high-
mass star and star cluster formation can be best addressed by studying the so-called infrared
dark clouds (IRDCs). IRDCs are interstellar molecular clouds seen in absorption against the
bright di�use mid-infrared background along the Galactic Plane. Some of the dense clumps
and cores within IRDCs are excellent candidates of harbouring/being the so-called high-mass
starless cores (HMSCs). Studies of HMSCs are thus likely to provide powerful constraints
on the initial conditions of high-mass star formation. The high-mass star formation process
within some of the clumps manifests itself through, e.g., bright infrared emission, maser
emission, and embedded hot cores and ultra-compact HII regions.

We have carried out (sub)mm dust continuum and molecular-line studies of a sample of
IRDCs and massive clumps associated with them (Miettinen & Harju 2010; Miettinen et
al. 2011; Miettinen, in prep.). We have employed the LABOCA and SHFI instruments on
the APEX 12-m telescope to observe the 870-� m dust emission, and transitions of several
molecular species, respectively. These observations were used to study several issues, such as
the degrees of CO depletion and deuterium fractionation, and the fractional ionisation in the
sources. This knowledge helps to further constrain the physical and chemical properties and
the initial conditions of the regions giving birth to high-mass stars. In the presentation, I
will give a short overview of IRDCs and their star-formation activity, and present the results
of our recent studies.
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We review research carried out at the University of Helsinki Department of Physics on solar-
system objects such as asteroids and comets, the Moon and Mercury, and the Earth. The
research is based on direct and inverse methods in scattering and absorption of visible light
and radio waves by small and large particles, X-ray 
uorescence, and celestial mechanics.
Furthermore, we illustrate industrial applications of light scattering.



Relativistic kinetic equation for Compton scattering of
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Relativistic kinetic equation for Compton scattering of polarized radiation in a strong mag-
netic �eld is deduced using Bogolyubov's method. Induced scattering and the Pauli principle
are taken into account. Polarization of electron gas is taken into account as well in the com-
mon form of the kinetic equation. Special forms of equation for the cases of non-polarized
electrons, rare�ed electron gas and 2-modes distribution of radiation are found. Results can
be useful for construction of models of atmospheres and magnetospheres of neutron stars.
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FS Aurigae represents one of the most unusual cataclysmic variable (CV) to have ever been
observed. The system is famous for a variety of uncommon and puzzling periodic photometric
and spectroscopic variabilities which do not �t well into any of the established sub-classes of
CVs. The peculiarity of FS Aur is the existence of a very coherent photometric period (LPP)
of 205.5 min that exceeds the spectroscopic orbital period (OP) of 85.7 minutes by 2.4 times.
Tovmassian, Zharikov, Neustroev (2007) discovered a second long spectroscopic period (LSP)
of 147 minutes. They showed that frequency of this new period is equal to the beat between
the OP and LPP, and the precession of a fast-rotating magnetically accreting white dwarf
(WD) can successfully explain these phenomena. Our new multicolor observations made
during the 2010-2011 winter, revealed, for the �rst time in photometric data, the LSP which
is the precession period (PP) of the WD. This is best seen in the B-I colour index and
re
ects spectral energy distribution (SED) variability. During the PP, the properties of UV
and X-ray spectrum are expected to be even more variable because the accretion column on
the WD magnetic pole will be observed from di�erent viewing angles. Upon our request,
Swift has conducted ToO observations of FS Aur. We report here preliminary results of these
observations. We also show that the long-term variability of FS Aur and the character of its
outburst activity may be caused by variations in the mass transfer rate from the secondary
star as the result of eccentricity modulation of a close binary orbit induced by the presence
of a third body on a circumbinary orbit.
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The simulations of the formation of the large scale structure of the universe routinely
produce the �lamentary cosmic web structure above� 1 Mpc scales. These �laments are
assumed to consist of Warm-Hot Intergalactic Medium (WHIM) which has temperatures
and column densities of� 105� 6 K and � 1016� 18 cm� 2. It is challenging to observe such
low-density plasma, especially when the locations of the WHIM structures are uncertain.
Currently the only secure measurement is that of O VII absorption of a blazar H2356-309
by the WHIM in Sculptor Wall supercluster by XMM-Newton and Chandra (Fang et al.,
2010).

The proposed ATHENA mission will carry a X-ray microcalorimeter spectrometer XMS
which would make a huge improvement in the WHIM measurements primarily due to the
increased e�ective area by a factor of� 100 compared to the current high resolution X-ray
instruments. We will report on the feasibility of the WHIM absorption line studies with XMS.
We will also discuss the application of the luminosity density method on Sloan Digitized Sky
Survey data in order to locate the potential WHIM structures (e.g. Lietzen et al., 2009).
We will also explore the possibility of using the X-ray afterglows of Gamma-Ray Bursts as
background sources.
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Galaxy groups in simulations and observations

Pasi Nurmi1

1Tuorla Observatory, Department of Physics and Astronomy, University of Turku, Finland
pasnurmi@utu.�

The Millennium N-body simulation (Springel et al. 2005)and SDSS DR7 galaxy and galaxy
group catalogs (Tago et al. 2010) are used to study the structure of the dark matter halos,
the distribution of subhaloes inside the main halos and the correspondence between dark
matter halos and galaxy groups. We underline two important questions: are galaxy groups
always hosted by shared main dark matter halo and how galaxy groups in observations
resemble galaxy groups in simulations. This connection is very important when they are
compared against each other. The comparison between simulations and observations reveal
clear di�erences between widely used semi-analytical galaxy models used for galaxies in
the Millennium simulations, and the real galaxy properties in the observations. The main
di�erence is the spatial distribution of galaxies in the groups. The analysis is done using
four di�erent volume limited samples from the galaxy group catalog SDSS DR7 and similar
samples are taken from the Millennium simulation. In our analysis we consider the halo group
as a system with the main halo and its subhaloes, but as a comparison sample we use the
galaxy groups obtained from the simulation exactly in the same way as in the observational
galaxy group catalogue.
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We present our Bolocam 1.1mm continuum observations of LDN 988 and the Cocoon Nebula
(IC5146). Both of these sources were observed previously by Archeops. In the case of the
Cocoon Nebula, it has also been observed as part of the Science Demonstration Phase of
Herschel, and we are able to use the public data to construct SEDs for the clumps detected
in the Bolocam map and derive temperature and beta from the �ts. In the case of LDN 988,
we will use the temperature and the beta values given by the Archeops Catalog published by
Desert et al. (2008). We will use the Bolocam 1.1mm data to distinguish clumps within the
Archeops detections, and calculate the masses of these clumps. NICER method will be used
with 2MASS stars to derive the average column density of the environs of these clumps, and
to see if there is a threshold column density for clump formation in these clouds.
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Meteorite impact cratering is the most fundamental geological process occurring in the his-
tory of terrestrial planets and their moons. Large impact events can cause major crustal
deformations with economic mineral and hydrocarbon depositions to take place. The ki-
netic energy released to the bedrock by an impact is transformed into intense high-pressure
shock waves resulting either melting of the target rock, formation of various impactite and
ejecta blankets or fracturing of the subsurface target. Impact structures are associated with
distinct geophysical anomalies such as gravity minima and magnetic haloes surrounding the
gravity or magnetic peaks associated with impact melt pockets. The cause of the geophys-
ical anomalies, however, is not always obvious. Part of them are caused "geometrically"
due to faultings, rotations and tiltings of the structural blocks. Another part may be due
to post-impact sediments or water bodies (lakes, bays) which are magnetically weak and of
low density. The breccia and suevite layers are often claimed to be fragile and porous which
then could explain part of the observed geophysical anomalies. Moreover, often the central
anomaly peaks are surrounded by circular gravity or magnetic haloes due to fractured target
rocks. In order to estimate which part of the geophysical anomalies are caused by petro-
physical properties and which part are due to structural or tectonic origin, we carried out
a measurement campaign consisting of petrophysical data of impact and target rocks from
eighteen terrestrial impact structures of which we either had previous petrophysical data or
we had samples from which we could measure them. In this study we focused on impacts
in crystalline targets since the sedimentary cases will have di�erent physics behind. We
split the impact rocks into �ve categories in the order of decreasing shock pressure: melt,
suevites, breccias (allochtonous or autochtonous), fractured and unfractured target rocks.
This is an oversimpli�ed division since every crater has its own case. However, we feel that
by this way we will see at least major trends in petrophysical properties vs. shock. The
following petrophysical properties were measured: bulk density, porosity, magnetic suscep-
tibility, intensity of natural remanent magnetization (NRM) and Q-value. The data reveal
distinct trends as follows: 1. The porosity is decreasing from suevites to breccias to melts
to fractured targets up to unfractured targets, 2. Density is increasing in the same order, 3.



The case of susceptibility is more complex: it appears that the susceptibility of the fractured
target rocks is diminished from the original (unfractured target) value but no distinct trend
is seen in other impact rock layers, 4. The NRM is also very variable and dependant of each
case, 5. the Q-value seems to decrease from suevites towards unfractured target rocks.

The geophysical anomalies, in each case, depend also on the lithological type and strength
of the target rocks among other things. Nevertheless, these petrophysical trends can be used
to give some preliminary estimates of the "expected" gravity and magnetic anomalies. We
will demonstrate with theoretical and real examples involving these petrophysical trends on
how the geophysical anomalies will vary according to variation in petrophysical data.
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Transient phenomena such as EUV waves, radio bursts and solar energetic particle events
occur commonly in the solar corona following the eruption of coronal mass ejections (CMEs).
While the exact nature and genesis of these disturbances is under debate, it is clear that fast
CMEs induce large-amplitude waves during the lift-o� process that in
uence the coronal
environment. However, the interrelationship between the CME and the various transient
phenomena is not at all clear, and several di�erent interpretations exist on how the coronal
disturbances are related to the eruption.

One avenue of probing these issues is by developing models capable of capturing the
dynamics following the onset of an eruption. In this presentation, we present our magneto-
hydrodynamic (MHD) simulation model with which we study the mass motions, shocks and
other large-amplitude waves induced by an erupting CME. In particular, we focus on the
question whether the observed phenomena often ascribed to propagating shocks and waves
indeed can be related to the CME-driven waves.



On the cosmological evolution of the black hole { host
galaxy relation in quasars

Laura Portinari1, J. Kotilainen2, R. Falomo3 and R. Decarli4

1 Tuorla Observatory, Department of Physics and Astronomy, University of Turku, Finland
lporti@utu.�

2 Finnish Centre for Astronomy with ESO (FINCA), University of Turku, Finland
3 INAF { Osservatorio Astronomico di Padova, Italy

4 Max Planck Institute for Astronomy, Heidelberg, Germany

Quasars are ideal tracers of the cosmological evolution of the black hole mass { host galaxy
relation. Observed quasars hosts are consistent with no evolution from the localMBH � Lhost

relation, and suggest a signi�cant increase of the mass ratio � =MBH =M?(host) from z = 0
to z = 3. Taken at face value, this is totally at odds with the predictions of Semi{Analytical
Models of galaxy evolution, where the intrinsic � shows little evolution and quasar host
galaxies at high redshift are systematically overluminous (and/or have undermassive BH).

However, since quasars preferentially trace very massive black holes (109 � 1010 M � ) at
the steep end of the luminosity and mass function, the ensuing selection biases can reconcile
the models with the observations. A proper interpretation of quasar host data requires the
global approach of semi{analytical models, so as to account for statistical biases.
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Fermi Gamma-ray Space Telescope has detected hundreds of AGNs, most of them are
blazars. Spectra of blazars show clear correlation with the luminosity con�rming blazar
sequence. Interestingly, the GeV spectra of the brightest blazars cannot be described by
a simple power law model or any smoothly curved models. A much better description is
obtained with a broken power law, with the break energies of a few GeV. The sharpness and
the position of the breaks can be well reproduced by absorption of gamma-rays via photon-
photon pair production on Heii and Hi Lyman recombination continuum and lines. This
is the �rst direct observational proof that the blazar zone lies inside the broad-line region
within a few light-months from a super-massive black hole. This also implies that the jet is
fully accelerated to relativistic velocities at 1000 Schwarschild radii from the black hole. We
will also discuss the implications for the gamma-ray production mechanisms from spectral
variability of blazars during 
ares.
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So called Synchrotron Self Compton (SSC) models have been quiet successful in explaining
the emissions of blazars. However, observational results of the last years have led to the
conclusion that the usual approach of modelling blobs in blazar jets as homogeneous regions
employing SSC codes is not su�cient. Especially the observation of intra day variability
introduces unreasonable constraints for the size of the emission regions that are not consistent
with the observed 
uxes. Furthermore the observed time delays between the light curves of
di�erent frequencies can't be explained by such models.

Here a spatially resolved, self-consistent SSC model with particle acceleration due to
Fermi-I and -II processes is presented. The electron spectra are evolving from a low energetic
delta distribution by means of these processes. In contrast to homogeneous or two-zone
models the Fermi-I process is modelled as actual scattering around shock fronts, while keeping
causality when convecting particles through space, thus multiple-shock scenarios can be
computed. The time evolution due to stochastic acceleration and loss terms is solved locally
via the Crank-Nicolson scheme. Relativistic e�ects are taken into account during convection
and when processing the shock properties. The spectral energy distribution is calculated
in each spatial slice using the full IC cross section employing highly parallelised graphic
processing units. Hence the presented model is able to explain observed SEDs of leptonic
sources as well as to verify high variability results from acausal simulations. High variability
can be achieved without arti�cial injection of particles but due to the presence of multiple
shocks. This is shown for data from the recent multi-frequency campaign on Mrk 501.
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Finnish Meteorological Institute (FMI) has participated in planetary missions since late
1980s. Among the key areas have been meteorological measurements in the atmospheres of
Mars and Titan as well asin situ observations of plasma environments of Mars and Venus.
Among the unquali�ed successes have been the pressure measurements during the descent
of the Huygens probe through the atmosphere of Titan, the pressure measurements by the
Phoenix/MET instrument in the Martian Northern polar regions as well as the energetic
particle observations carried out by Aspera-C, -3 & -4. FMI also contributed to SMART-1,
ESA's Moon mission.

Mars meteorological observations will continue with the FMI-provided pressure and hu-
midity sensors in the environmental suite of NASA's Mars Science Laboratory (launch in
2011). The FMI team is preparing for the MSL operations and data analyses.

The MetNet Lander (MNL) concept and the payload for the MetNet Precursor missions
have been developed in Finnish-Russian-Spanish co-operation. The �rst Precursor with an
atmospheric science payload is planned to be launched in the 2013{2014 launch window.

Recently FMI has been selected to the ESA/NASA Entry Demonstrator Module (EDM;
launch with the ESA/NASA Trace Gas Orbiter in 2016) Entry Science Team and to con-
tribute to the EDM surface payload. FMI will also participate in the Chinese Mars mission
(launch in 2016).

FMI is the primary in a team studying the dust and plasma payload for ESA's Lunar
lander (launch in 2018) as well as contributing to the plasma instrument on board the next
Russian Lunar mission.

In the areas of data analysis and modelling, the reanalysis of Viking Lander data is
continuing, whereas analysis of the Phoenix pressure data is essentially complete. A 4-
year modelling project aligned with the Martian atmospheric observations is in its �rst year.
Hybrid model development and use ties into the plasma observations around Mars and Moon.

This presentation gives an overview of FMI's Mars & Moon mission and research activities
and their future prospects.
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RS Ophiuchi is an enigmatic system, a symbiotic variable star exhibiting recurrent nova
outbursts. It is composed of a white dwarf that accretes matter from an M type giant
companion star. However, the nature of accretion still remains unknown. The white dwarf
of RS Oph is thought to be close to Chandrasekhar limit making the system an intriguingly
strong candidate for an elusive type Ia supernova progenitor.
To study the accretion mechanism in RS Oph, we conducted an observing campaign at the
Nordic Optical Telescope. We obtained high resolution optical spectra over the orbital period
of the system (455 days). In this talk I will present the current status and �rst results of
this project.
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The transport of charged particles in turbulent �elds is of major interest for the study of
cosmic rays and solar energetic particles. In both cases the transport is dominated by scat-
tering of magnetic irregularities in the background plasma. The �rst theoretical description
of cosmic ray transport was done by Jokipii in 1966, who derived the so-called quasilinear
theory (QLT) (Jokipii, 1966).

The quasilinear theory and most analytical theories following in its footsteps su�er from
a number of limitations regarding the turbulence model and the orbit of particles. In order
to circumvent these limitations and understand the importance performing simulations of
particle transport is necessary.

First attempts by Kaiser et al. (1978) and later simulations by Qin et al. (2002) were
using arti�cial turbulent �elds which mimicked the properties of interstellar or interplanetary
magnetic �elds. We are moving away from this simpli�cation in our ansatz: In a hybrid
approach the turbulent �elds are simulated with a �nite-volume method (Kissmann et al.
2008) combined with test particle tracking.

We will present results for the di�usion of charged particles in MHD turbulence. A
special focus will be the deviations from standard QLT and also the pitfalls of the presented
method. The case of solar energetic particles is discussed in special.
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I will discuss blazar modelling from the point of view of particles and low-energy emission.
I will address certain problems inherent in many gamma-ray-modelling approaches focusing
on the production and variability of the high-energy emission but that do not necessarily
check the implications of the results against the distribution and behaviour of the source on
lower energies.

I discuss modelling gamma-ray AGNs "bottom up", starting from the particles and em-
phasising the the role of accurate modelling of the primary synchrotron emission from radio
to optical frequencies, in modelling the high-energy gamma radiation especially in the case
of synchrotron self-Compton, but also for the external Compton scenario. I emphasise the
role of multifrequency monitoring (from radio to gamma rays) { especially the recent Planck
observations of 
at-spectrum radio sources, see Aatrokoski et al. (2011) { as motivation for
this kind of approach.

I describe the bottom-up approach and the model currently developed for modelling
Planck spectra and variability of AGNs, and discuss selected preliminary results, especially
regarding the relevance of various often-omitted features such as non-instantaneous and non-
power-law particle acceleration and hard particle spectra (spectral indexs < 2).
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During the last decade satellite measurements have contributed greatly to the atmospheric
research, air quality, climate change research and middle atmosphere research by providing
data to be used in model development, assimilation, forecasting and in trend studies. ESA's
Envisat (launched 2002) and NASA's EOS-Aura (launched 2004) satellites provide large
amounts of data of the composition of the atmosphere from the troposphere through the
stratosphere and up to the mesosphere with global coverage from pole to pole. At the same
time remote sensing has become more and more operational technique for monitoring the
composition and chemistry of the atmosphere using eg. EUMETSATs METOP-A satellite
(launched 2005). In addition, there is an increasing need for also (near) real time data
products needed by novel applications utilizing satellite observations of the atmospheric
composition. One good example is the monitoring ash and sulfur dioxide (SO2) originating
from volcanic eruptions.

In this presentation we review the recent highlights of Envisat/GOMOS and EOS-
Aura/OMI data and research results including the exceptional Arctic ozone depletion in
Spring 2011 and the recent volcanic eruptions in Iceland in. Also future trends in atmo-
spheric remote sensing will be discussed.



Revealing the origin of the optical emission in low-mass
X-ray binaries

Alexandra Veledina,1 Juri Poutanen1 and Indrek Vurm2

1University of Oulu, Finland
alexandra.veledina@oulu.�

2Hebrew University of Jerusalem, Israel

Origin of the optical radiation in low-mass X-ray binaries has been put under question by
the simultaneous optical/X-ray observations with high time resolution. The cross-correlation
functions observed in three black-hole binaries appear to have a complicated shape. They
show a dip of the optical emission a few seconds before the X-ray peak and the optical 
are
just after the X-ray peak. This behavior could not be explained in terms of standard optical
emission candidates (e.g., emission from the cold accretion disk or a jet). We propose a
novel model, which explains the broad-band optical to the X-ray spectra and the variability
properties. We suggest that the optical emission consists of two components: synchrotron
radiation from the non-thermal electrons in the hot accretion 
ow and the emission produced
by reprocessing of the X-rays in the outer part of the accretion disk. The �rst component is
anti-correlated with the X-rays, while the second one is correlated, but delayed
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One of the many scienti�c objectives of the SMART-1 lunar orbiter was the study of the
physical properties of the lunar regolith through optical multi-angular photometry. The
AMIE CCD camera acquired tens of thousands of images of the lunar surface in varying
illumination geometries, covering a wide range of phase angles.

We have investigated the photometric properties of the mare regions by analysing some
800 AMIE images. Previous studies (Muinonen et al.in press) show that a large set of
images of a similar terrain type in di�erent illumination conditions can be used to derive
average properties of the regolith. In this study we expand on the previous result with a
larger data set and more thorough analysis.

We �nd we are able to estimate small-scale properties of the regolith surface, such as
the packing density of the material, from a set of images with pixel resolution in the tens
to hundreds of metres scale. The large data set allows some comparisons between di�erent
regions. Some preliminary results seem to disagree with previous results from smaller data
sets. These di�erences require more detailed investigation.
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