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1 Foreword

The present form of the report of the activities of the Astronomical Institute of the Slovak
Academy of Sciences (AI SAS) does not differ significantly from the last year report. Its structure
and layout are, however, considerably different from those in the corresponding Slovak version
(also available at our web page). The English version is focused almost uniquely on the scientific
activities of the AI SAS and it omits a number of important 'non-scientific’ issues, like, e.g.,
financial matters of the institute, teaching commitments at universities, etc.; these can only be
found in the Slovak version. The report for 2008 is the sixth in the English language that I have
the pleasure to present, and I hope you will find it of interest.

Our staff in High Tatras and Bratislava was changed considerably in 2008. After many years
of intensive work, retired former director of AI SAS and scientist of the Department of Solar
Physics Julius Sykora. Peter Zimmermann in mechanical workshop and Jana Pittichovd in the
Department of Interplanetary Matter also closed their positions at the Institute. Anna Bobulova
started at the position of economy manager and Jan Klein in the position of mechanic. Marcela
Bodnérova and Zuzana Krisandova started their PhD study in the Department of Solar Physics
and Department of Interplanetary Matter.

It is useless to attempt to summarize content of the following many pages in a few rows here.
Nevertheless, some important issues should be pointed out. The amount of scientific produc-
tion is expressed by 74 papers in internationally distinguished refereed journals. A number of
interesting results have been obtained, some of them being highlighted in what follows. AI SAS
plays an important role in 19 well-established international projects and a number of informal
collaborations.

AT SAS organized in 2008 two scientific meetings. Czech and Slovak Workshop on Inter-
planetary Matter held at Modra on May 12-16, 2008 - 30 participants from Czech republic,
Poland and Slovak republic. International conference about successes of stellar astronomy held
at Bosaca, May, 30 — June, 1 - 44 participants from 5 countries.

Astronomical Institute in 2008 participated in the preparation of materials for the Ministry
of Education for the accession of the Slovak Republic to the European Space Agency.

The most important activity of ATl SAS in 2008, outside of scientific activity, was applying
for a grant from the EU Structural Funds. AT SAS together with the Institute of Experimental
Physics and Pavol Jozef Safarik University was successful and obtained the project entitled
"Center of Space Research: Space weather effects”for a total of 39.96 million Sk. Funds are
planned for a significant modernization of an infrastructure of all 3 institutions of the Centre.

The last volume of our journal Contributions of the Astronomical Observatory Skalnate Pleso
(number 38) appeared in three regular issues. The journal is covered by the ISI and SCOPUS
and is electronically available from our web page (http://www.ta3.sk) and the ADS database
as well.

We have also succeeded to improve substantially our observational facilities and infrastruc-
ture. A connection of Skalnaté Pleso Observatory by a fiber optic was realised in the first phase
(70%). The entire route from Tatranskd Lomnica to Skalnaté Pleso will be completed in 2010. In
2008, the mirrors of 0.6-m telescope at the Skalnaté Pleso Observatory was coated by aluminum
and silicon protective layers using a device given in operation in 2007. The second part of the
exchange of 65-year old water supply connection to Skalnaté Pleso Observatory was realised in
2008.

Jan Svoren

director of AI SAS



2 Research

2.1

Interplanetary matter

Observational facilities:

Skalnaté Pleso Observatory - a 61 cm reflector with a CCD camera, Lomnicky stit Observatory
and Stara Lesna Observatory — automatic bolide camera, Modra Observatory - a receiver of a
forward scatter meteor radar.

Research activities:

2.2

interrelations among the populations of small bodies in the Solar System and their evolu-
tion,

a search for binary asteroids,
creation of spatial models of asteroids,
infra and visual photometry of asteroids and comets,

investigation of the activity of selected cometary nuclei and its influence on the physical
and dynamical evolution of these bodies,

origin and evolution of Oort cloud comets,
study of the structure of selected meteor showers,
operation of bolide cameras within the framework of the European Fireball Network,

investigation of physical characteristics of dust particles in the Solar System and Earth
atmosphere,

investigation of interrelation between meteor sporadic background activity and solar ac-
tivity by a forward scatter radio system,

search for hyperbolic and interstellar meteoroids using data from IAU Meteor Data Center
Catalogue.

Solar physics

Observational facilities:
Stara Lesna Observatory - a horizontal solar telescope with spectrograph, Lomnicky Peak Coro-
nal Station - a double 20 cm coronagraph with a spectrograph.

Research activities:

spectral analysis of the quiet and active solar photosphere and chromosphere using spectra
from observations with large ground-based solar telescopes (Tenerife VI'T, La Palma SST),

study of the dynamics and energy transfer in the quiet and active upper solar atmosphere

from SOHO (SUMER, CDS, EIT) and TRACE satellites data,

study of rotational characteristics of sunspots and surrounding photospheric plasma based
on own measurements,

e derivation of magnetic fields in specific coronal structures using own polarimetric solar

eclipse observations,



2.3

analysis of coronal holes and their relation to the background and local magnetic fields
and a relationship between polarization and intensity of the green line in different coronal
structures,

study of a time-latitudinal distribution and large-scale development of solar prominences,

observations of both the 530.3 nm and 637.4 nm emission coronal lines as well as the
white-light corona to study solar cycles and long-term variations of the solar activity,

preparation of the homogeneous coronal data set for the 530.3 nm coronal line and com-
putation of the coronal index of solar activity.

Stellar astrophysics

Observational facilities:
Skalnaté Pleso Observatory and Stara Lesna Observatory - two 60 cm photometric reflectors,
a 50 cm reflector with a CCD camera.

Research activities:

3

3.1

investigation of interacting binary and multiple systems, symbiotic stars, novae and nova-
like objects focused on physical processes during phases of their activity, studies of their
origin, structure, evolution and physical conditions in the circumstellar environment,

photometric detection of various manifestations of both regular and semi-regular stellar
variability, models construction explaining the behaviour of the systems,

use of the IUE, HST and X-MM-Newton spectroscopic data databases for the study of
outbursts of symbiotic stars,

analysis of photometric, spectroscopic and interferometric data for the determination of
the basic parameters of the components of interacting binaries and multiple systems and
study of their rotational velocities,

study of spectroscopic orbits of contact binaries using the spectroscopy from David Dunlap
observatory,

discovery of new variables and binaries using the Canadian satellite MOST,

photometric and spectroscopic investigation of chemically peculiar stars phenomena based
on our own photometry, photometry from Hipparchos and spectroscopy from ESO, Mt.
Stromlo, CFHT, Nauchnyj, Ondgejov, Rozhen and Zelenchuk observatories,

study of the chemical composition and properties of the atmospheres of CP stars,
study of rotational period changes of magnetic stars,

study of atmospheres of extrasolar planets using the photometry and spectra taken by the
satellite Spitzer.

Personnel

Executives

Director : J. Svoren, deputy director : J. Ziziiovsky, scientific secretary : J. Rybak



3.2 Scientific Council

A. Bobék, E. Dzif¢dkova, K. Kudela, A. Kucera (chairman), L. Neslusan, E. Pittich, V. Porubcan,
T. Pribulla (vice-chairman), V. Rusin, J. Rybdk, A. Skopal, J. Ziznovsky.

3.3 Department of Interplanetary Matter

Head: J. Svoren

Staff in Bratislava: J. Farkasova, M. Hajdukovéd, Jr., I. Kapisinsky, M. Kocifaj, Z. Krisandova
(postgraduate student), J. Pittichova (currently a post-doctoral scientist at the Institute for
Astronomy, University of Hawaii, USA), E. Pittich, T. Paulech, V. Porub¢an, N.A. Solovaya
Staff in the High Tatras: G. Cervak (technician), M. Husarik (postgraduate student), M.
Jakubik, Z. Kanuchovd, L. Neslusan, M. Pikler (technician), J. Svoren, M. Tirpak (postgraduate
student).

3.4 Department of Solar Physics

Head: A. Kucera

Staff: P. Bendik (technician), Marcela Bodnarova (postgraduate student), P. Goméry, P. Havrilla
(technician), L. Klocok, J. Koza, R. Macura (technician), K. Manik (technician), M. Minarov-
jech, V. Rusin, J. Rybak, M. Saniga, J. Sykora.

3.5 Stellar Department

Head: D. Chochol

Staff: D. Bozik (technician), J. Budaj, Lubomir Hambadlek (postgraduate student), L. Hric, V.
Kollar, R. Komzik, E. Kundra (postgraduate student), K. Kuziel (technician), T. Pribulla, P.
Schalling (technician), M. Sekeras (postgraduate student), A. Skopal, J. Tremko, M. Vaiko, M.
Zboril, J. Zverko, J. Ziziovsky.

3.6 Administration and Maintenance

Head: A. Bobulova

Staff: M. Alman, J. Ambréz, R. Bekes, F. Budzédk, T. Drzewiecka, M. Dufalova, T. Griesova,
Maria Guzyova, L. Hanigovsky, J. Klein, J. Krempasky, K. Krempaska, J. Krasula, V. Macdkov4,
D. Novocky, A. Sanigovd, M. Soltysova, M. Zajickova.

4 Guests

In 2008, the following guests visited our institute: G. Cevolani (ISAC (FISBAT) CNR, Bologna,
Italy), H. Havlicek (Institut fur Diskrete Mathematik und Geometrie, TU Vienna, Austria), A.
Hanslmeier (Institute of physics/IGAM, University of Graz, Graz, Austria), J. Janik (Insti-
tute of Theoretical Physics and Astrophysics, Masaryk University, Brno, Czech Republic), T.
Krejcové (Institute of Theoretical Physics and Astrophysics, Masaryk University, Brno, Czech
Republic), V. Krushevska (Main Astronomical Observatory, National Academy of Sciences of
Ukraine, Kyiv, Ukraine), D.O. Kudryavtsev (SAO RAN, Russia), Y. Kuznetsova (Main Astro-
nomical Observatory, National Academy of Sciences of Ukraine, Kyiv, Ukraine), P. Lévay (In-
stitute of Physics, Budapest University of Technology and Economics, Budapest, Hungary), H.
Meszaroszové (Astronomical Institute, Academy of Sciences of the Czech Republic, Ondrejov,
Czech Republic), Z. Mikuldsek (Institute of Theoretical Physics and Astrophysics, Masaryk Uni-
versity, Brno, Czech Republic), P. Pracna (Heyrovsky Institute of Physical Chemistry, Prague,
Czech Republic), K. Radziszewski (Astronomical Institute, University of Wroclaw, Poland),



P. Rudawy Astronomical Institute, University of Wroclaw, Poland), G. Rjabova (Research In-
stitute of Applied Mathematics and Mechanics of Tomsk State University, Tomsk, Russian
Federation), J.I. Romanjuk (SAO RAN, Russia), M.H. Semeida (National Research Institute
of Astronomy and Geophysics (NRIAG), Helwan, Egypt).

5 Results

The main results acquired and published by the research personnel of the Astronomical Institute
in the year 2008 are briefly described below. Information about the reference to the published
paper in the list of publications is given in brackets.

1/ The most significant result of the year 2008 — result 1: Theoretical spectra and light curves
of close-in extrasolar giant planets.

We present theoretical atmosphere, spectral, and light-curve models for extrasolar giant plan-
ets (EGPs) undergoing strong irradiation for which Spitzer planet/star contrast ratios or light
curves have been published (circa 2007 June). By comparing models with data, we find that a
number of EGP atmospheres experience thermal inversions and have stratospheres. Moreover,
the presence of atmospheric water in abundance is fully consistent with all the Spitzer data
for the measured planets. For planets with stratospheres, water absorption features invert into
emission features and mid-infrared fluxes can be enhanced by a factor of 2. In addition, the
character of near-infrared planetary spectra can be radically altered. We derive a correlation
between the importance of such stratospheres and the stellar flux on the planet, suggesting that
close-in EGPs bifurcate into two groups: those with and without stratospheres. (paper No. 19).

2/ The most significant result of the year 2008 — result 2: AG Draconis observed with XMM-
Newton.

We revealed an anticorrelation between the supersoft X-ray fluxes and the optical fluxes,
observed for the symbiotic star AG Draconis during its quiescent and active phases. This anti-
correlation represents a general behaviour, which is independent from that how the outburst is
strong and its type. During outbursts, the white dwarf luminosity increases, but the radiation
is heavily absorbed by the circumstellar matter within the supersoft X-ray domain. In contrast,
the brightness in the optical increases, as indicated by photometric observations and accurately
calibrated low-resolution spectra. This is a consequence of the increased opacity at the vicinity
of the white dwarf due to an increase of its stellar wind. (paper No. 20).

3/ The most significant result of the year 2008 — result 3: Uncertainty of the physical char-
acteristics of AGB dust shells.

The properties of dusty and gaseous systems are usually obtained indirectly — by analyzing
their spectra, extinction curves, scattering phase function or polarization. Optical thickness of
the dense dust envelopes of AGB stars is traditionally calculated by Mie scattering theory under
assumption that shape of sub-micrometer sized particles may affect the measured intensity of
visible radiation only negligibly. We have shown that this assumption is not correct and that
the uncertainty in the detected intensity due to uncertainty of the particle shapes can reach
the value of 30%. This fact indicates that the real and model sizes of dust particles may differ
significantly. As a consequence, this finding can change our view on dynamical evolution and
lifetime of the dust population in AGB envelopes (paper No. 29).

4/ The most significant results for applications and public relations: Slovak astronomical
seminar for teacher.



Staff of the AISAS in frame of the project APVV LPP-0146 "Meetings with the Universeof
the Slovak research and development agency prepared for days December 4-6, 2008 a seminar
for teachers of the basic and grammar schools. The seminar was related to preparation of the
coming International Year of Astronomy which was declated by UNESCO for the year 2009.
Lectures were given on the solar corona and solar eclipses, on asteroids, Jovian planets of the
Solar system, on galaxies, on evolution of the universe and on education of astronomy as an
important motivating tool for understanding of different parts of physics. All participant have
received a CD with text of the lectures as well as a paper copy of the almanac with the lectures.
The main aim of the seminar was to provide teachers with news on the latest research results
on the universe which could be used for teaching of astronomy and physics at schools. (Project
APVV LPP-146, web page of the seminar: www.astro.sk/ choc/open/08_casu/str.

5/ The most significant results obtained within frame of international collaboration — re-
sult 1: The simulation of the Oort cloud formation

The understanding of the origin of cometary reservoirs is very important in developing the
detailed unified theory of Solar system formation and evolution. Numerical simulation is the
most effective and reliable approach in studying the dynamical evolution of the system, espe-
cially of the cometary cloud. In these works, we performed the numerical simulation of evolution
of the proto-planetary disk represented by 10038 test particles, the largest number till now. The
simulation covered the period of the dynamical evolution for the first two gigayears. Our com-
putational tasks were run in GRID environment and lasted about 5 months on 240 CPUs. We
established an international cooperation with other institutes (one from Poland and one from
Italy), which was crucial for successful completion of our goal. Among the other interesting
results we found the low efficiency in formation of the cometary cloud, the strongly dominant
high galactic inclinations of cometary orbits and also the fact, that the comets came to cometary
cloud not only from the Uranus-Neptune region, but also from the Jupiter-Saturn region and
from the transneptunian region, as well (papers Nos. 19 and 33).

6/ The most significant results obtained within frame of international collaboration — re-
sult 2:  The extremely rapid rotational braking of the magnetic star HD 37776.
Light and spectrum variability of chemically peculiar stars is commonly explained by a model
of oblique rotator with a constant rotational period. Comparison of the historic and current
observations revealed that in the case of the helium-strong star HD 37776 its rotational period
is increasing. We analysed all the available observations since the year 1976, i.e. 1707 mea-
surements in uvby, UBV, Tycho and Hipparcos photometric systems, as well as 550 our new
UBYV observations from 2006 and 2007, 53 spectrophotometric measurements of the He I 4026
A line, radial velocities in 23 Reticon spectra from CFH Telescope, 35 CCD Zeeman spectra
from the 6-m telescop of SAO (Russia), 6 spectra from the Ondrejov and 8 spectra from the
Rozhen 2-m telescopes. We found that the rotational period has risen by 18 seconds during
31 years and that it still continues. After ruling out the binarity, precession and evolutional
changes we interpret this ongoing period increase as a braking of the star rotation, at least in
its surface layers, due to the momentum loss through events or processes in the extended stellar
magnetosphere (paper No. 35).

7/ The most significant results obtained within frame of international collaboration — re-
sult 3: Radiation pressure forces on micrometric particles — experiment vs. theory.

The primary intention of the project is to experimentally verify the theoretically derived
effect of radiation pressure exerted on micrometer dust. In 2008, set of measurements was made
in the laboratories of the German partner. It has been shown that photophoresis becomes a



dominant effect under moderate air pressure conditions, thus prohibiting the evaluation of ra-
diation pressure effects. Therefore we reduced the air pressure significantly (in two orders of
magnitude) and radiation pressure effects become dominant. After interaction with laser radia-
tion the levitating particles jumped to different directions - just as predicted theoretically. This
effect strongly depends on the shape, size and chemical composition of these particles. Using the
results of relativistically covariant formulation we were able to derive the inequalities containing
the extinction, absorption and scattering cross sections. These results will be compared with
detailed numerical calculations based on Maxwell theory and then also verified experimentally
(paper No. 25).

8/ Unikétne data, ktoré zachytavali moment vzniku ako aj dobu impulzivnej akcelerdcie
vyronov korondlnej hmoty (CME), ndm umoznili po prvy krat analyzovat’ celkovi kinematiku
tychto dynamickych javov. Zistili sme, ze fdza maximalnej akceleracie CME a hlavné uvol'nenie
energie z prislichajucej erupcie nastava takmer simultanne v ramci ¢asového intervalu kratsieho
ako 5 minut. (APVV 0066-06, Rybdk, Goémory, praca ¢. 56) Unique data sets covering moment
of initiation and acceleration of fast halo CME have allowed for the first time to analyze the
whole kinematics of these dynamic events. We find a close synchronization between the CME
acceleration profile and the flare energy release as well as peaks occur simultaneously within 5
minutes ( Rybdk, Gomory, paper no. 56).

9/ We investigated the height dependence of the magnetic field parameters of a sunspot. We
found that inside the spot the total magnetic field strength decreases with height. On the other
hand, we showed that outside the spot the field strength increases with height. This result is
interpreted in terms of magnetic canopies. We also found that the typical values of the current
densities vary within the sunspot area in the range 40 mA m~2. Moreover, their values and
values of magnetic helicities depend on the fine structure of the sunspots ( paper No. 17)

10/ We analysed turbulent motions occurred on the solar surface. Variations of a continuum
intensity and full width at half maximum of spectral lines were used as a tool. We found, that
the turbulent motions are concentrated not only in the intergranular space but they appear also
within central parts of bright granules. This findings support results of numerical simulations
of the solar photosphere, where the supersonic horizontal motions of plasma inside granules can
induce turbulence of plasma ( Kucera, Rybék, paper no. 23).

11/ Sudden brightness in the white-light polar plume has been for the first time observed
during the March 29, 2006 total solar eclipse. Apparent upward propagation speed as derived
from ground based observations from Niger to Turkey with a time span over three hours,
was 65 km s™1. Observed height for the brightness was located in the range from 50 to 200
hundred kilometers above the solar surface. Estimated lifetime of the polar plume, using also
SoHO observations, was less than 24 hours. The upward speed of the brightness is in very good
agreement with theoretical prediction for the propagation of magneto-acoustic waves in polar
plumes (paper No. 39).

12/ It has been shown that characteristics of diffuse electromagnetic field depend on the
particle topology, i.e. on the spatial distribution of individual materials in the particle. In
case of carbon particles with ice coating, the rapid erosion can be observed as the particle
approaches the Sun. The trajectory of such a core-mantle particle evolves in a complex manner
due to changes of particle velocity as well as the speed of spiralling toward the Sun. Thanks to
these two effects, the lifetimes of these particles differ from those for ideal homogeneous spheres
(Kocifaj, paper No. 63).

13/ Excessive use of light (overillumination) unnecessarily wastes energy and almost prohibits
professional astronomical observations. To reduce the light pollution levels a detail analysis is
necessary before any changes of public lighting take place. To make such analyses possible, the
theoretical model of spectral sky radiances has been developed and applied to set of ground-
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based light sources. The model allows a numerical prediction of sky radiance distributions at
any site (VEGA 3074 and APVV SK-CZ-0019-07, Kocifaj, paper No. 26).

14/ Dust particles captured in mean-motion resonances with planets (commensurability res-
onances) are driven not only by the electromagnetic radiation and the Lorentz forces and the
Sun gravity, but also by the gravitational interaction with a planet. Survival of dust particles
in such resonances essentially depends on how these particles interact with the electromagnetic
radiation. In general, the capture efficiency is widely unknown quantity, since the real particles
are neither spherical nor homogeneous — thus preventing a prediction of their dynamical evolu-
tion. The orbital evolution of such particles can be obtained only numerically, as shown in our
computational experiment for planet of Neptune (VEGA 3074, Kocifaj, paper No. 28).

15/ The radiative forcing by carbonaceous particles distributed in the atmospheric environ-
ment is related to the particle absorption. Modelling the optical behaviour of such particles
is generally important in estimations of the radiative balance of the atmosphere. It has been
shown that backscattering quantities (like efficiency factor for backscattering, phase function
and polarization at large scattering angles) are affected most significantly. Among others it
means that remote sensing methods can provide very accurate information on the nature of the
atmospheric particles ( Kocifaj, paper No. 31).

16/ Optical and infrared observations of comet 21P/Giacobini-Zinner during its 2005 ap-
parition were analysed. The onset of nucleus activity occurred at a pre-perihelion heliocentric
distance 3.80 AU, and active out to heliocentric distance larger than 3.3 AU. A nucleus radius
of 1.8240.05 km was derived. The comet exhibited an extensive coma with a prominent dust
tail. Molecules of CO and CO2 were recorded. No dust trail was detected, what means that the
number density of trail particles had to be lower than 7x10 * m3 ( Pittichové, paper No. 40).

17/ We investigated the dynamical evolution of cometary orbits in the Oort Cloud when
the Solar System passes through a spherically symmetric giant molecular cloud, which radial
density distribution was approximated with normal (Gaussian) distribution. We did not find
significant erosion of the Oort cloud, nor other significant change of its structure, on a scale of
distances typical for the Oort Cloud ( Jakubik and Neslusan, paper No. 61).

18/ Analyzing photographic orbits of the Lyrid meteoroid stream, the mean orbit, the form
and size of the radiant area of the stream, were derived, and three distinctly different groups
of orbits on short-periodic, long-periodic and extremal (hyperbolic) orbits in the stream were
identified. Consistency of the filaments was verified by an investigation of the orbital evolution
of their members. The long-periodic orbit is almost identical with that of the parent comet 1861
Thatcher. The hyperbolic orbits are most probaly result of erroneous measurements ( Porubcan,
paper No. 43).

19/ By an analysis of forward-scatter radio observations obtained by the meteor radar operat-
ing along the Bologna-Modra baseline for twelve years (1996-2007), a direct correlation between
the variation of the sporadic meteor background activity and variation of solar activity over
one solar cycle, was found ( Porubé¢an, paper No. 92).

20/ In our analysis of meteors, with the aim of determining the occurence of interstellar
meteors (ISM) in the vicinity of the Earth, we obtained a heliocentric velocity of vH = 46.6
km s~! for an ISM arriving at Earth, taking into account the relative velocity of the Sun in
the nearby stellar environment. According to this criterion, the proportion of ISM among the
detected meteor orbits in the TAU Meteor Data Center for the population of meteors with
masses greater than 10-3 kg was determined to be 2.5x107%, and their flux 7x107¥m=2s7! (
Hajdukové, papers Nos. 22, 98, 99).

The analysis of the 14 763 precise determined meteor orbits collected in the Japanese tv
catalogue has called the occurence of interstellar meteoroids in the vicinity of the Earth into
question, at least for meteoroids of masses corresponding to the video technique detections.
The hyperbolic excesses of the heliocentric velocities are in all cases about one order lower than
required from the velocity distribution of neighbouring stars. The upper limit of the proportion
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of possible interstellar meteors to interplanetary ones among all investigated meteor orbits was
determined to be 1.3x1073.

21/ By applying the method of indices on the set of precise photographic meteor orbits it
was found that 249 out of 387 selected Geminids are grouped into 16 filaments. Geminid stream
is compact and 4 branches of filaments can be identified only on the basis of space visualization
and with the low numerous filaments included. According to our analysis, the two observed
maxima of Geminids are product of the activity of two different groups of filaments. These
parts of Geminids might appear to be as two different meteor streams, unless the similarity of
their orbits was so high ( Kanuchova, Svoren, paper no. 62).

22 / In the frame of the photometry of the objects of the interplanetary matter there were
obtained photometric data on 19 asteroids at the Skalnate Pleso Observatory. Photometric
program was focused on the potential binary asteroids, modeling the asteroid shapes and the
objects transiting near the Earth vicinity. It was also collected 95 astrometric positions for 12
comets and 164 positions for 28 asteroids (VEGA 7009 and APVT-CZ-SK 0011-07, Huséarik,
Pikler, Tirpak, Cervék, Kanuchova, papers Nos. 74, 75, 76, 79, 80, 81, 82, 86, 87).

23 / In collaboration with the Astronomical Institute of the Czech Academy of Sciences
there were analyzed CCD photometry results obtained at the Skalnate Pleso Observatory. We
determined the synodic rotational periods and the amplitudes from the composite lightcurves of
seven asteroids from the inner main belt: (1314) Paul, (2257) Kaarina, (3541) Graham, (4080)
Galinskij, (4155) Watanabe, (12081) 1998 FH115, and (15415) Rikas ( Husérik, paper No. 59).

24/ High-dispersion spectrograms of the interacting close binary TX UMa taken around the
primary minima were used to compute the rotational velocity of the mass gaining component.
Due to direct impact of the gas flow from the loser component onto the surface of the gainer,
the gainer rotates twice as fast as expected in the case of a synchronous rotation ( Komzik,
Chochol, paper No. 64).

25/ An analysis of high-precision photometry of the old open cluster M67 obtained by the
Canadian satellite MOST is presented. The observations include eclipsing binaries, delta Scuti
variables and so-called blue stragglers. Two new eclipsing binaries in the field of M67 were de-
tected. Photometric elements of two close binaries, AH Cnc and ES Cnc, have been determined
( Pribulla, paper No. 47).

26/ Spectroscopic and photometric observations of the tightest known quadruple system VW
LMi were analysed. Spectra disentangling of all four components and available times of minima
enabled to determine of absolute parameters of all components, to detect apsidal motion and
to find that the orbit of the non-eclipsing pair and the outer orbit of the system are coplanar.
VW LMi is a unique example of a tight multiple system ( Pribulla, paper No. 45).

27/ Photometric and spectroscopic observations performed at the David Dunlap Observatory
lead to the detection of the contact binary with the shortest orbital period (outside galactic
clusters). GSC 1387 475 with period of only 0.2178 days supports existence of the short-period
and temperature limit of the contact binary stars. The analysis of the binary is complicated by
a variable third component contributing by about 1/3 to the total light ( Pribulla, paper No.
48).

28/ Precise radial velocities of 10 close binaries EG Cep, V1191 Cyg, V1003 Her, BD+7°03142,
V357 Peg, V407 Peg, V1123 Tau, V1128 Tau, HH UMa and PY Vir enabled us to determine
spectroscopic elements and to detect two multiple systems (PY Vir and BD+7°03142) ( Pribulla,
paper No. 49).

29/ Spectroscopy of the close binary AW UMa, which serves as an early-type contact binary
prototype with small mass ratios showed significant departures from the Roche model. The
shapes of the rotational profiles indicates presence of the differential rotation or abnormal limb
darkening and existence of a mass stream encompassing both components. It is possible that
the components of AW UMa are detached but engulfud in a thin envelope filling the outer
Roche lobe close to the orbital plane ( Pribulla, paper No. 46).
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30/ Apparent orbital period changes of TW And, TT Her and W UMi showing cyclic vari-
ations were studied using the Cracow minima database. The most probable interpretation is
the presence of a late-type third component around all three systems ( Pribulla, Tremko, paper
No. 32).

31/ Analysis of a newly-discovered contact binary star GSC 00008 901 with orbital period
of 0.28948 days in the field of DV Psc shows intermittent presence of photospheric spots on
the surface of the components. The components are found to be in a weak thermal contact (
Pribulla, Vanko, Hambalek, paper No. 38).

32/ Preliminary results of the search for third components to close binary stars were summed.
The data show that as many as 2/3 of close binaries are members of the multiple systems. The
final results were presented in paper Pribulla, T., Rucinski, S.M., 2006, AJ, 131, 2986 ( Pribulla,
paper No. 72).

33/ New high-resolution electronic spectra with high S/N ratio allowed us to dissolve the
spectrum of 53 Aur, a CP star with dubious classification. We found that it is a binary star
with two different CP stars, one of them of the B9-Mn peculiarity and the second one of an
FO-m type ( Zverko, Ziziiovsky, paper No. 70).

34/ In a theoretic study we analysed the influence of the uneven distribution of different
chemical elements on the stellar surface. We showed that mainly due to boud-free transitions
the radiative flux is redistributed from the high frequences to the visual spectral region. Thus,
the rotating star (what is a common feature of all stars) exhibit periodic light variability, which
can be detected by means of photoelectric photometry ( Zverko, Ziznovsky, papers Nos. 65 and
97).

35/ Based on the study of the shapes of light-curves of the magnetic CP stars in our database
and analysing them by the PCA method, we identified 4 main types of their ligh-curves. Their
main components acquired by the PCA characterize the physical origin of the light variability
in bright or dark photometric spots on the surface of CP stars ( Zverko, Ziziiovsky, paper No.
67).

36/ It was shown, that the light curves changes of the UX Ori type young stars CQ Tau
and V1184 Tau are caused by large deviations from axial symmetry in the distribution of
circumstellar dust, as well as by large variations in the mass accretion rate in circumstellar
disks. A large amount of dust may also appear in the vicinity of a young star owing to collisions
of planetesimals ( Shugarov, paper No. 21).

37/ It has been found that the geometry of projective lines over modular rings fully describes
the commutation algebra of the generalized Pauli matrices living in irreducible Hilbert spaces.
A fundamental difference has been shown to exist between Hilbert spaces whose dimension is
a product of primes and those whose dimension contains a square of a prime ( Saniga, paper
No. 24).

38/ An in-depth graph-theoretical and algebraic geometrical analysis of multi-qubit systems
has been carried out. The geometry of two-qubit systems and its substructures is that of the
generalized quadrangle of order two and its geometric hyperplanes. The geometry of three-
and higher-order-qubit systems is that of symplectic polar spaces of the corresponding rank (
Saniga, paper No. 42).

39/ We have made a very detailed study of the generalized Pauli matrices of a qubit-qutrit
system, where a link to the geometry of projective lines was made possible only after passing
to a dual Pauli graph and introducing the concept of a multiline ( Saniga, paper No. 41).

40/ The first ever study of the projective plane over the ring of Galois double numbers has
been made. A remarkable complementarity principle has been found when reducing modulo
one of the two principal ideals of the ring. A few interesting astrophysical applications of this
principle have also been discussed ( Saniga, paper No. 52).

41/ We have also studied the projective line over the ring that is a direct product of three
smallest Galois fields. We have revealed a very intricate structure due to the existence of two
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different kinds of zero-divisors of the ring ( Saniga, paper No. 51).

42/ We have discovered a subgeometry within the projective line over the full two-by-two
matrix ring with entries from the Galois field of order two that fully describes the geometry of
the generalized Pauli group of two-qubits. The subgeometry in question is isomorphic to both
the projective line over a particular Jordan system of the ring and the generalized quadrangle
of order two ( Saniga, paper No. 53).

43/ We have discovered a new type of finite projective geometry, dubbed the “Fano-Snowflake.”
This geometry consists of non-unimodular free cyclic submodules over the smallest ring of
ternions and may lend itself to interesting applications in may areas of physics. We have also
briefly discussed a Jacobson radical decomposition of this geometry ( Saniga, papers Nos. 88
and 89).

44/ We have found a unique relation between the quantum entanglement of three-qubit
systems and the entropy of E_7 symmetric stringy black holes. This relation is embodied in the
geometry of the so-called split Cayley hexagon of order two, in which a special role is played
by a subgeometry isomorphic to the Coxeter graph ( Saniga, paper No. 34).
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8 How to reach us

8.1 Headquarters and facilities in the High Tatras

Postal address: Astronomical Institute, Slovak Academy of Sciences,
SK-05960 Tatranskd Lomnica, Slovakia
Telephone 421 52 7879111 (headquarters — secretary)

421 52 7879175 (Skalnaté Pleso Observatory)
421 52 7879071 (Lomnicky Stit Observatory)

Fax 421 52 4467656

E-mail: astroinst@astro.sk

Staff email addresses: surnameofperson®@astro.sk
World Wide Web: http://www.astro.sk
Anonymous ftp: ftp.tad.sk

8.2 Facility in Bratislava

Postal address: Astronomical Institute, Department of Interplanetary Matter,
Slovak Academy of Sciences, Dubravska cesta 9, SK-84504 Bratislava, Slovakia
Telephone 421 2 7879186 (secretary)
Fax 421 2 54775157
E-mail: admin@astro.savba.sk

Staff email addresses: surnameofperson®@astro.sk or surnameofperson@astro.savba.sk
World Wide Web: http://astro.savba.sk
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