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BRIEF HISTORY OF THE INSTITUTE

The Astronomical Institute of the Academy
of Sciences of the Czech Republic is one of
the oldest scientific institutions in the country.
It is the direct successor of the Observatory
of the Jesuit College which was built in 1722
in the tower of the Clementinum in Prague.
Later on, the institution of the “Mathematical
Tower*, which was in fact the observatory,
was established in 1752. At that time meteo-
rological observations began.

Since then the Observatory has undergo-
ne a number of changes,many of which have re-
flected professional, political and even societal
reorganization. After Czechoslovakia gained
its independence from the Austro-Hungarian
Empire, the institute was renamed the “State
Astronomical Observatory®. In 1940, it was
moved as such to an undistinguished apart-
ment building in Vinohrady (Budecska Street)
in Prague.

Long before that, in 1898, a private obser-
vatory owned by |. J. Fri¢ was built in a small
village Ondrejov, located 35 km south-east of

Prague.This small observatory was donated to
the state of Czechoslovakia, more specifically
to Charles University in Prague, in 1928.

The site of the Ondrejov Observatry, at
an elevation of 500 m in the relatively un-
polluted environs of Prague, proved to be well
chosen.

After the Czechoslovak Academy of Scien-
ces was established in 1953, it was merged
with the State Astronomical Observatory to
create the Astronomical Institute, now belon-
ging to the Academy of Sciences of the Czech
Republic.In 1967 the largest Czech optical te-
lescope withthe diameter of two metres was
inaugurated in Ondrejov.

At the time of the division of the Federal
Czechoslovak Republic into the Czech Repu-
blicand Slovak Republic in 1993, the Prague part
of the Institute was moved to new premises in
Prague-Sporilov. Currently, the Institute parti-
cipates in ESO and ESA projects, as the Czech
Republic became a member state of these orga-
nisations in 2007 and 2008, respectively.
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Vladimir Karas, the Director of the
Astronomical Institute.

Astronomical Institute of the Czech Acade-
my of Sciences: history of astronomy from
the medieval time keeping to modern scien-
tific research

“Astronomical Institute of the Czech Aca-
demy of Sciences is Public Research Institution
engaged in professional scientific research in
the fields of astronomy, astrophysics and spa-
ce sciences, as well as in broad public outreach
activities that have been pursued at the site of
the Ondrejov observatory as well as in frequent
educational events in the capital city of Prague
and around the state. Our scientists lead pro-
jects and supervise in several doctoral programs
that are accredited by Ministry of Education,
Youth and Sports of the Czech Republic to
teach university students to pursue original ex-
ploration in astronomy and astrophysics, theore-
tical physics, and plasma physics.

The Institute is among the oldest scien-
tific institutions in the country. It is the direct
successor of the Observatory of the Jesuit Co-
llege, located in the tower of the Clementinum
in Prague, where scientific observations started in
1722 Visitors interested in history of science can
tour one of the largest European building com-

plexes occupying two hectares near the Charles
Bridge. Astronomical Tower offers a beautiful
view of the OId Town area just next to Johannes
Kepler’s house (currently a museum), along with
the Baroque Library that still keeps the precious
VySehrad Codex. In the Meridian Hall time ke-
eping measurements were carried out till |9th
century and two wall quadrants and unique in-
struments remain on display up to date.

Along a parallel line of history,in 1898, a pri-
vate observatory owned by Josef Jan Fri¢ was
founded in Ondrejov village, 35 km southe-
ast of Prague. In 1928 this small observato-
ry was donated to the state and the Prague
University, and then gradually expanded to
its current state of the largest professional
observatory in the country. The two esta-
blishments merged in 1953 within the State
Astronomical Observatory to create the Astro-
nomical Institute, since then belonging to the
Academy of Sciences. Individual visitors and
organized groups are welcome to visit the
historical site of the Ondrejov observatory.” —
Vladimir Karas, the Director of the Astro-
nomical Institute

The Institute today

Nowadays, the Institute emerges as a mo-
dern public organization involved in a rich
set of international projects across Euro-
pe and worldwide. On the national level
the Institute carries out the major part of
research in astronomy and astrophysics in
the Czech Republic. During the recent two
decades the international collaboration of
the Institute has been greatly expanded and
it currently represents a significant part of
its research activities, including the close
cooperation with European Southern Ob-
servatory (ESO), European Space Agency
(ESA), International Astronomical Union
(IAU) and other important bodies where
we are full members. The Institute repre-
sents the Czech astronomical community in
the European professional journal of Astro-
nomy and Astrophysics.

Centuries ago, astronomy was the first
of classical sciences that had developed an
observational basis to verify and, eventua-
Ily, falsify our theories about the processes
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shaping the cosmic bodies and the Univer-
se as a whole.To this end the development
of highly sophisticated instrumentation has
been crucial, as this allows astronomers to
carry out precise observations and quanti-
fy and record results. However, along with
the empirical approach, equally important
has been the tight relationship with mathe-
matics that provides the basis for deeper
understanding of the origin and evolution
of cosmic systems. Astronomy was the first
to develop and employ procedures that are
now routinely accepted by other branches
of science as well as in engineering and tech-
nology.

Modern astronomy
Modern astronomy combines the cutting-
-edge technology of innovative engineering
solutions for highly complex optical systems
and space devices with the popular cultu-
re and citizen science, where the general
public is engaged in research. The Institute
contributes actively to all these roles especi-
ally through its international involvement in
European Southern Observatory and Euro-
pean Space Agency, but also on the national
level by cooperating with the Czech Astro-
nomical Society and coordinating the Czech
National Committee on Astronomy.
Through the involvement in ESO, the
Czech Republic has joined the ambitious
project of European Extremely Large Teles-
cope (E-ELT).With a main mirror consisting
of almost 800 segments, in total 39 meters
across, the instrument will collect almost |5
times more light than any current telescope
and it will be able to resolve |7 times sharper
images than the Hubble Space Telescope.The
shape of the mirror surface has to be extre-
mely precise with roughness less than 10 na-
nometers. Once the construction of E-ELT
is completed, it will have a major impact on
our understanding of the Universe, including
the most distant objects and the processes
shaping the evolution of Cosmos. During
all phases — the design, construction, ope-
ration, as well as data reduction and inter-
pretation — astronomy requires highly trai-
ned professionals with deep knowledge, tech-

nical skills, and maximum dedication and
enthusiasm.

Students of astronomy are trained in ma-
thematical methods, theoretical and experi-
mental physics, computing and informatics,
as well as modern technology. They have to
be; otherwise a continuous flood of disco-
veries would quickly fade away. However,
discoveries in astronomy cannot be planned.
In fact, nowhere in science any attempt of
perfect planning of next steps has ever wor-
ked. Instead, serendipity is what defines fu-
ture directions for those who are prepared
to recognize newly emerging opportunities.
The discovery of cosmic microwave back-
ground radiation is a clear-cut example of an
incidental finding which shaped our view of
the cosmic history by supporting the hypo-
thesis of the Big Bang.

Understanding how Universe functions
and evolves, what is our role in it, what will
be the future of stars, of our Sun, and of the
Solar System is clearly the main motivati-
on for the endless effort of astronomers. It
also motivates new generations to learn and
creates an enormous interest of general pu-
blic. But does the basic research in astrono-
my provide also some kind of direct benefit
the society? In this context the issue of tech-
nical innovations and corporate spin-offs has
become a fashionable topic of discussions.
The Institute oversees the Czech largest in-
volvement in ESA’s scientific space mission
of Solar Orbiter that has been currently in
the intensive construction phase and sche-
duled for launch in 2018.

Astronomy for every day
Numerous practical applications of the
,,blue-sky* astronomy research exist and are
very well known: Communication methods
of today owe a lot to radio astronomy re-
search that had started several decades ago
and helped to develop techniques of tran-
smitting, compressing, detecting and deco-
ding weak signals. Besides other applications
this laid basis to the modern wire-less tech-
nology.

Construction of ever bigger telescopes
and ever more sensitive detectors is moti-



vated by an unending hunt for photons from
the most distant galaxies, quasars and other
faint objects. Clearly this is useful and rele-
vant in numerous other areas of technolo-
gy development far away from astronomy.
Astronomers realized the importance of
charge-coupled devices (CCD) for imaging
and these detectors are now present in all
digital cameras. Likewise, active optics has
been greatly improved in recent years in or-
der to achieve amazingly sharp images and
removing the degrading effect of atmosphe-
re; the same technique is now employed in
other areas of image processing.

X-ray astronomy has been pursued in
order to reveal dense compact stars and
black holes because the gas becomes enor-
mously accelerated and heated by over-
whelming gravitational attraction of these
bodies, and so it radiates much of its energy
in the form of high-energy radiation, X-rays
and gamma-rays. However, the wavelength
of this radiation is so short that ordinary
telescopes that are suitable for much longer
wavelengths of optical light cannot focus it.
Astronomers have mastered techniques of
X-ray imaging as well as high-dispersion
studies of grating spectra.This knowledge is
useful in variety of applications ranging from
medicine to security.

One could continue endlessly discussing
everyday applications of astronomical re-
search. However, the few above-given exam-
ples should help us to understand that, in-
deed, basic research in astronomy creates
valuable knowledge and experience.

Motivated by curiosity, fundamental re-
search is equally useful as the search for so-
lutions to specific problems: not only that
the basic science provided foundations to
all electronics including computers, trans-
portation including rockets and satellites,
communication technology including Inter-
net, and so on, but even more importantly
it creates deep cultural connections and gi-
ves us a broad perspective about Cosmos
which surrounds us. Indeed, Heinrich Hertz
did not discover electromagnetic waves
with the aim of constructing radio; instead,
it was the beauty of theoretical physics,

which describes electromagnetism in terms
of Maxwell’s equations, that captivated him.
Firm observational evidence in the form of
data acquired by ground based telescopes
and detectors on-board satellites are essen-
tial for the astronomical research, as well as
the whole science, as without them the pu-
rely speculative research would quickly lose
its directions.

At the Astronomical Institute we par-
ticipate in the effort to reveal fundamental
facts about our Universe and its diverse
constituents including our Sun and billions
of other suns in the Milky Way and distant
galaxies, planets and small bodies of the So-
lar System, as well as enigmatic black holes
and neutron stars.We do it because we re-
cognize these topics as immensely impor-
tant and also because we are confident that
our research, like any other high-quality ba-
sic research, is equally useful for our society
as the search for direct solutions to practi-
cal tasks of everyday life.

Participation in international projects
The Institute scientists have continued to
collaborate in numerous ongoing internati-
onal projects that are financed by the Czech
Ministry of Education Youth and Sports,
Czech Science Foundation, European Uni-
on and other bodies and agencies. Recently,
two large-scale EU FP7 grants were succe-
ssfully completed: ASTRONET, to establish
a permanent mechanism for planning and
coordination of European astronomy, and
GLORIA (Global Robotic-telescopes Intelli-
gent Array), to establish an open-access ne-
twork of robotic telescopes in the world.
While the former project reached its go-
als by formulating and publishing the Infra-
structure Roadmap for European astrono-
my, the latter network clearly demonstrated
that astronomy is an inspiring science that
can involve many citizens starting from very
early age of school children and continuing
through high school and university students.

Recently, the Institute scientists have be-
come increasingly involved in the activities
of the Ondrejov ESO ARC: Atacama Large
Millimiter/submillimeterArray Regional Cen-
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ter —ALMA, the largest ground-based inter-
ferometrical observatory located in Chilean
desert.

While celebrating its 125th anniversary in
2015, the Czech Academy of Sciences has re-
cently formulated and implemented a visiona-
ry New Strategy "AV21°. Astronomical Insti-
tute contributes to this ambitious endeavour
in the area of Cosmic Risks (namely, studying
near-Earth objects and exploring potentially
dangerous asteroids) and Cosmic Weather
(impact of Solar activity on life of individu-
als and the entire civilization of the Earth).

We wish to work further toward expanding
the astrophysics subjects to include more of
our essential research areas, in particular, the
technologically demanding Space Exploration,
as well as the synergic overlap with astropar-
ticle physics that appears so highly relevant to
address fundamental open questions of today.

The headquarters of the Institute — Prague worksite.
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The research conducted at the Astronomical
Institute covers a wide range of topics; from
the immediate environment of the Earth to
distant galaxies and black holes.The research
activities are carried out in four scientific de-
partments divided into working groups.

I. Solar Physics

I.1. Physics of Solar Flares and Prominences
(numerical simulations of plasma proce-
sses and radiation transfer in flares and
prominences, optical and UV spectral dia-
gnostics, X-ray and radio observations)

1.2. Structure and Dynamics of the Solar
Atmosphere (quiet and active regions,
sunspots, granules and supergranules,
interactions between plasma motions
and magnetic field)

1.3. Heliosphere and Space Weather (mag-
netohydrodynamic numerical simulati-
ons of propagation and evolution of co-
ronal mass ejections and other transient
disturbances, solar activity monitoring
and forecasting; image processing)

2. Stellar Physics

2.1.Physics of Hot Stars (theoretical and
observational studies of binaries, ear-
ly-type stars, Be and B[e] stars, white
dwarfs, stellar winds, moving envelopes
in general, and stellar pulsations)

2.2. Two-meter telescope group (operation,
maintenance and development of the
largest telescope in the Czech Republic)

2.3. High EnergyAstrophysics (celestial X-ray
and gamma-ray sources, cataclysmic va-
riable stars, analyses of ground-based
and satellite data, X-ray optics)

3. Interplanetary Matter

3.1. Meteor Physics (physical properties,che-
mical composition and spatial distribu-
tion of meteoroids, physical processes
during meteoroid penetration into the
atmosphere, meteor observations in op-
tical region)

3.2.Asteroids (rotations, shapes, surface and
bulk properties of near-Earth objects,
binary asteroids, photometry and astro-
metry of asteroids)

4. Galaxies and Planetary Systems

4.1.Astrophysics of Galaxies (formation of
star clusters and evolution of galaxies;
comparison of radio, infrared, optical,
and X-ray observations with analytical
models and computer simulations of
gravitational and hydrodynamic proces-
ses, kinematics and physical properties
of AGN host galaxies)
4.2. Relativistic Astrophysics (active galactic
nuclei and galactic black hole candida-
tes; analysis, within the framework of
general relativity, of high-energy X-rays;
comparison with observations)
Planetary Systems (Earth rotation;
Earth gravity field; resonances and dy-
namics of the asteroids, Kuiper belt
and exoplanetary systems; creation of
an astrometric star catalogue, motion
of artificial satellites under the influen-
ce of gravitational and non-gravitatio-
nal forces)
More details about the activities and recent
results of the working groups are given in
Chapter IV, the structure of the Institute is
shown in Fig. I.

4.3.

Aztronomical Inatituts
161 (77
Dapartmen of Drapusrtrmases of Depirtrmant of Depsiriment of L
SOLAR STELLAR BTERPLANETARY GALAXEES AND P
PHYSICS PHYSHCE MATTER PLANETARY SYSTEMS """"u"i NahC
£3 (1 20 (18) 20 {10y {27y

Fig. I —The structure of the Astronomical Institute of the Academy of Sciences of the Czech
Republic.The total numbers of staff members in the Institute and in the departments are
shown. Numbers of scientists are given in parentheses.Valid for the end of 2015.



/12

Executive Staff, Contact Addresses
Director:

Prof.Vladimir Karas, DrSc / phone: (+420) 323 620 |13/

e-mail: vladimir.karas@asu.cas.cz

Secretary:

Daniela Pivova / phone: (+420) 323 620 116 /

e-mail: dpivova@asu.cas.cz

Dep. Directors:

Dr. Jiri Borovicka, CSc / phone: (+420) 323 620 153 /

e-mail: jiri.borovicka@asu.cas.cz

Associate Professor Petr Heinzel, DSc / phone: (+420) 323 620 233 /

e-mail: petr.heinzel@asu.cas.cz
Public Relation:

Pavel Suchan / phone: (+420) 323 620 124 /

e-mail: suchan@astro.cz
Mail address of the Institute:

Astronomical Institute, Fricova 298, CZ 25165 Ondrejov, Czech Republic

Webpage:
WWW.asu.cas.cz

Executive staff (2015). From left to right: D. Pivovd, P. Spurny, M. Slechta, |. Borovicka,
V. Karas, J. Palous, P. Heinzel, M. Sobotka.

Council of the Institution

“Starting from 2007, Astronomical Institute, like
the other institutes of the Academy of Sciences,
gained new legal status of the so called public
research institution. According to the law, the
Council of the Institute, consisting from 5 inter-

nal and 4 external members, was elected at the
beginning of 2012 for a period of 5 years.The
Council organized a competition for the position
of director of the institute. Other tasks of the
Council include the determination of the main
directions of research, approval of the budget



The Technical Assistance Section. From left: J. Novdkovd, |. Sticha, P. Navrti,
P. ESner, S. Hauzar, . Voldkovd, |. Schindler,V. Zdmyslickd and P.Vodrhdnkovd.

The Personnel and Accounting Section. From left: . Stichovd, H. Hanuskovd, M. Chytrovd,
R. Placek, Z.AmbroZovd, I. Smolikovd, J. Beckovd, V. Kocourek, H. Kalibovd and J. Kaspdrek.
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Employees
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Fig. 4. Number of employees at the Institute since 2005 (some having part time-position).

Age Distribution (2013)
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Fig. 5. Age distribution of all the employees and of those engaged in astronomical research.

of the institute, definition of internal rules, and
approval of agreements between the institute
and other organizations.”— Jifi Borovicka, cha-
irman of the Council.

Personnel of the Council:]. Borovicka — Chair-
man, B. Jungwiert — Vice-Chairman, P. Su-
chan — Secretary; M. Barta, M. Bursa, P. Hein-
zel, D. Heyrovsky (Charles University, Pra-
gue),V. Karas, M. Karlicky, E. Markova (Czech
Astronomical Society), M. Prouza (Institute
of the Physics of the Academy of Sciences),
L. Subr (Charles University, Prague).

Infrastructure, Personnel and Funding

The Ondrejov Observatory represents a re-
search campus with its own facilities such as

a cafeteria, apartment houses etc. Housing
for visitors is also available. The Prague part
resides in a building at a campus together
with two other institutes of the Academy of
Sciences. Most of the Department of Gala-
xies and Planetary Systems reside in Prague.

The work of the scientific departments
is supported by the library (Head libra-
rian R. Svaskovd), computer-system and
network manager (P. RySavy), mechanical
workshop (J. Zeman), and administration
and maintenance (R. Placek).The administ-
ration and maintenance includes a finance
section (Z.AmbrozZova), personnel section
(J- Stichovd), accounting section (M. Chyt-
rova), operations and supplies (H. Kali-
bova), maintenance (P. ESner) and cafete-



Expendituras
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Fig. 6. Expenditures of the Institute since 2000 (in millions of Czech Crowns).
Grants are not included.

Running projects (2014)
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The distribution of running projects in various
international institutes in 2014.

ria (V. Zamyslickd). The results of the work
are popularized by public relation office
(P Suchan).

The total number of employees was 161
atthe end of 2015,4 | of them were part-time
employees.The number of scientists was 77
and there were |10 PhD students.The trend
of the number of employees since 2005 is
shown in Fig.4. The age distribution is dou-
ble-peaked, with one maximum around the
age of 35 years (young scientists after the
graduation and first PhD experience), the
second peak is around 60 years (experien-
ced scientists), which more or less reflects
the age distribution of the Czech popu-
lation.

Most of the Institute’s funding comes from
the Academy of Sciences. The amount of fun-
ding depends on the parliament-approved
budget for the Academy of Sciences as well
as on the regular international evaluation
of the Institute organized by the Academy.
Other sources of funding are grant agencies,
ministries and other organizations suppor-
ting particular projects, including internati-
onal ones.The expenditures since 2005 are
shown in Fig. 6.

Mechanical Workshop

Head of the group: ). Zeman,
e-mail: jzeman@asu.cas.cz
Staff:J. Chytra, P. Vavra,V. Danda
Phone: (+420) 323 620 331

“Soon after the commencement of scientific acti-
vities at Ondrejov observatory, at the beginning
of the 20th century, a mechanical workshop ca-
pable of providing basic development and repair
of smaller instruments and equipment was esta-
blished right in the grounds of the observatory.”—
Jiti Zeman, Head of the group.

The need to improve the working con-
ditions and to increase the capacity of the
workshop due to involvement in the con-
struction of the 2-metre (now called ,,the
Perek*) telescope in the late 1950s and ear-
ly 60° led to an enhancement of machining

/15
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facilities, increase of the number of staff and
the building of a new workshop where the
DMW resides now.

In the past, staff of the workshop played
a part in construction and manufacture of
instruments not only for the scientific de-
partments of the institute but also for ob-
servation sites abroad, for example on the
island of Hvar in Croatia.

Currently, the DMW provides maintenan-
ce and repair of instruments at the institute.
It is also involved in programs of scientific de-
partments, participating in the development
and manufacture of equipment for modern
science. For example, the DMW colaborates
with the Department of Interplanetary Matter
on modernisation, expansion and digitalizati-
on of the Bolide Network, with the Solar De-
partment on development of an experimen-
tal, fully robotic, solar telescope and with the
Stellar Department on building of an Echelle
spectrograph.

Library and Publishing

Head librarian - R. Svaskova,

e-mail: bibl@asu.cas.cz

Staff: N. Karlickd, e-mail: nada@asu.cas.cz;

K. Solddnova, e-mail: katka@asu.cas.cz
Phone: (+420) 323 620 326

“The library’s main function consists in provi-
ding information resources and making them

The Library staff. From left: N. Karlickd,
R. Svaskovd, K. Solddnovd.



available to all employees of the Institution and
users from other organisations. The library also
serves as a center providing information about
astronomical and astrophysical literature for
the entire Czech Republic.”— Radka Svaskova,
Head Librarian.

The history of the library goes back to
the 18th century, books from this period
are stored in a separate stock and are not
only well preserved, but also benefit from
a special care.The library’s historical section
contains 253 titles carefully described in a ca-
talogue published in Scripta Astronomica
No. I. (1986) and No. 6. (1994). Twenty-two
of the most endangered books from this se-
ction have already been completely restored.
Total amount includes 82 600 items, inclu-
ding |5 000 books and 67 000 journal items
(many of them are available in an unbroken
line from the first volume).

Scientific literature is in the largest part
represented by periodicals; the library has
complete series of many fundamental ast-
ronomical journals. Some of these journals
date since their first edition volumes and are
now available online thanks to the Astrono-
mical Institute’s membeship of the National
Consortium of Springer and Elsevier pub-
lishing houses.

The library’s monographs are located in a
separate building that has been partly re-
novated in 2006 offering modern technical

equipment and a comfortable and calm en-
viroment for studying. All users can access
books catalogued in the world reknowned
software Aleph compatible with the entire
Academy.

Detailed information about services
and facilities offerred by the library is avai-
lable on the website: istar.asu.cas.cz. The
library accepts any request from its clients
and obtains the requested articles and do-
cuments. In most cases the documents are
not the originals, but copied or scanned
versions.

The library also keeps connections
with many other Astronomical Observa-
tories all over the world and distributes
all documents published by the Institute
to 249 different locations as part of an
international exchange. The Institute had
been publishing the so called Bulletin of
the Astronomical Institutes of Czecho-
slovakia until 1992 when this Bulletin
became part of an European Journal: As-
tronomy and Astrophysics. This member-
ship and participation now allows Czech
researchers to publish their results in
a top-level scientific journal with a high
impact factor. Besides this journal, the As-
tronomical Institute published other non-
-periodical series such as Publications of
the Astronomical Institute and the Scripta
Astronomica.

Publication activity in 2010-2014
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Publications in Impact Journals 2010-2014

P ARA
@ Apl
MNRAS
@ Solar Physics
® JGR
@ kcarus

@ Acta geodynamica
ot gecmaterialia

@ Malture + Sciance
Cithar

Number of Institute’s publications
over past four years.

Number of scientific papers published
in different journals over past four years.
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Head scientist — M. Sobotka. Deputy -
M. Barta.

Secretary:A. Chytrova,

Phone: (+420) 323 620 146,

E-mail: alchytr@asu.cas.cz

“The research of the Department of Solar
Physics is focused to our nearest star, the Sun,
particularly the active phenomena in the solar
atmosphere. This includes solar flares as well
as accompanying heliospheric effects, structure
and evolution of solar active regions, prominen-
ces, sunspots, and the physics of solar corona
and transition region. The research of the Solar
Department can be characterized as a combi-
nation of solar observations in optical, radio, UV,
and X-ray wavebands, analysis and interpre-
tations of data, and theoretical research with
extensive numerical modeling of the processes
under study.The Department operates several
instruments at the Ondrejov observatory — the
solar patrol, the horizontal solar telescope with
spectrograph HSFA2, three solar radio telesco-
pes, and the robotic solar telescope SORT,
which is under development. The Department
is involved as a participant in two large inter-
national ground-based infrastructures — ALMA

and GREGOR. The Department has three
active working groups producing results with
national and international impact.” — Michal
Sobotka, head of the Department of Solar
Physics.

Physics of Solar Flares and Promi-
nences working group

“The main results of this group concern the radia-
tive transfer diagnostics of the solar atmosphere,
flares and prominences, studies of magnetic reco-
nnection and particle acceleration in solar flares,
and the physics of solar corona and transition regi-
on.The members of the group are also engaged in
space research activities and the ALMA Czech ARC
node.The group is located in OndFejov.” — Marian
Karlicky, head of the group.

Personnel

The working group was headed by M. Karlic-
ky until November 2014, then by E. Dzif¢a-
kova. Research fellows: M. Barta, A. Berlicki,
B. Dabrowski, J. Dudik, E. Dzif¢akova, F. Far-
nik, S. Gunar, P. Heinzel, M. Karlicky, J. Kaspa-
rova, P. Kotré, H. Meszdrosovd, D. Nickeler,
P.Schwartz, . §tépén,A. Zemanova, W. Liu, and
there have been several PhD students.

The Department of Solar Physics. From left:V. Snizek, PAmbroZ, K. Jificka, P.Kotr¢, D. Nickeler,
H.Meszdrosovd, M. Karlicky, A. Zemanovd, |. Dudik, E. Dzifédkovd, J. Lesko, A. Chytrovd,
M.Klvaria, |. Skdla, P Jelinek, M. Svanda, J. Stépdn, P. Heinzel, A. Berlicki, J. Jurédk, M. Sobotka.
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Physics of Solar Flares and Prominences group. From left to right:V. SniZek, A. Berlicki, J. LeSko,
P. Kotré, A. Zemanovd, J. Dudik, E. Dzifédkovd, D. Nickeler, H. Meszdrosovd, J. Skdla,
M. Karlicky, P. Jelinek, K. Jificka, P. Heinzel, and J. Stépdn.

Research results

Solar flares represent the most violent proce-
sses on the Sun, with great impact on the helio-
sphere and our planet.Total power of individual
flares can be determined by detecting their con-
tinuum radiation and this was recently highligh-
ted by the discovery of superflares on Sun-like
stars. Heinzel & Avrett (2012, Solar Phys. 277,
31) made a review of the current knowledge
about the most relevant optical continua and a
prediction of the continuum emission of flares
in mm/sub-mm radio domain, now covered by
the ALMA interferometer.

Alfvén velocity and plasma beta are impor-
tant parameters for modeling eruptive events,
but they are difficult to obtain. Kotr¢ et al. (2013,
Solar Phys. 284,447) have shown a possible me-
thod to estimate these parameters through
a comparison of observed and synthetic profiles
of hydrogen lines.Along with other observables,
the results indicate that the observed case of
limb eruptive event is actually the initiation phase
of a prominence eruption (Fig. I).

The level of continuum emission from solar
flares is directly related to the power of flares.
Brightest emission is expected from the Balmer
continuum, which is the hydrogen recombina-
tion continuum. In the study by Heinzel & Kle-

&%

Fig. | — MHD model of the initial phase of
a flux rope eruption. Colored lines represent
magnetic field lines; the colors correspond to
the local value of |B| (lower to higher values
being coded from red to blue).The background
color scale represents plasma density.
Frames (a) —(d) were taken at different times.
Top and side views are shown for each time.



int (2014, Astrophysical Journal 794, L23), the
Balmer continuum was clearly detected for
the first time from space, using the ultraviolet
telescope and spectrograph IRIS (NASA). The
result represents an important breakthrough in
the flare physics with potential implications for
space-weather studies.

Processes of magnetic reconnection and
particle acceleration in flares were studied
extensively, using numerical simulations as
well as observations. Strong and localized
electric currents and vortex flows, so called
current-vortex sheets, are necessary to ex-
cite solar eruptions (flares and coronal mass
ejections). A spontaneous current fragmen-
tation caused by shear/vortex plasma flows
was studied by Nickeler et al. (2013, Astro-
nomy & Astrophysics 556,A61). It was found
that strong current sheets imply strong vor-
tex sheets and vice versa.The investigation of
such current-vortex sheets is important to
understand how solar eruptions are trigge-
red by such fragmented sheets and how the
solar atmosphere is heated. Nickeler et al.
(2014, Astronomy & Astrophysics 569, A44)
also studied the influence of a magnetic shear
applied perpendicular to solar magnetic ar-
cade structures, resulting in a formation of
strongly filamented current sheets.The gene-
rated electric field parallel to the magnetic
field is suitable to accelerate particles along
the field lines and to heat the solar coronal
plasma. The gained energies of the particles
are comparable to observed values, emphasi-
zing the importance of shear flows for par-
ticle acceleration in the solar corona. This
work is an important new approach concer-
ning the self-consistent connection between
particle acceleration and MHD flows.

Intense beams of high energy particles ge-
nerated in the corona are according to the
standard flare model believed to transport
the energy in flares downwards to the chro-
mosphere. Varady et al. (2014, Astronomy &
Astrophysics 563,A61) suggested alternative
scenarios, where the non-thermal particles
are re-accelerated during their transport
from the coronal acceleration site to the
thick-target region in the chromosphere.The

important conclusion is that the re-accele-
ration of non-thermal electrons during their
transport allows to reduce the demands on
the efficiency of the primary coronal acce-
lerator, on the electron fluxes transported
from the corona downwards, and on the to-
tal number of accelerated coronal electrons
during flares.

Karlicky (2014, Research in Astronomy
and Astrophysics 14, 753) summarizes new
trends in studies of magnetic reconnecti-
on in solar flares. This review shows that
plasmoids play a very important role in this
primary flare process. Using the results of
magnetohydrodynamic and particle-in-cell
simulations, it is possible to describe how
the plasmoids are formed, how they move
and interact, and how a flare current sheet
is fragmented into a cascade of plasmoids.
Furthermore, it is shown that during the in-
teractions of these plasmoids electrons are
not only very efficiently accelerated and
heated, but electromagnetic (radio) emissi-
on is also produced. Possible mechanisms
for the triggering of magnetic reconnecti-
on are also explained. The relevant X-ray
and radio signatures of these processes are
then described and supporting EUV and
white-light observations of plasmoids are
added. The significance of all these proce-
sses for the fast magnetic reconnection and
electron acceleration is outlined and their
role in fusion experiments is briefly menti-
oned.

Radiative transfer methods are generally
used to obtain physical parameters of solar
atmosphere from spectral observations. The
interpretation of linear and circular pola-
rization of spectral lines is the only way to
decipher the magnetization of the Sun and
stars. Many spectral lines are formed under
a very complicated physical conditions that
require self-consistent calculation of the ra-
diative transfer problem. A massively parallel
3D code PORTA was developed by St&pan
et al. (2013, Astronomy & Astrophysics 557,
Al143), making it possible to perform such
calculations in full 3D space, with multilevel
atoms, and taking into account the relevant
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Fig. 2 — Example of three-dimensional radiative transfer calculation using the PORTA code. Upper
panel shows the variation of plasma temperature in a vertical slice of the 3D MHD model
atmosphere.The transition region appears in the red color, the corona in yellow, and the chromo-
sphere in blue. Bottom panel shows the anisotropy of radiation in the core of the Lyman-alpha line.

physical ingredients of the polarized line for-
mation (Fig. 2).

Fine structures of solar prominences were
modelled by employing innovative combina-
tion of the magnetic field simulations, reali-
stic prominence plasma description, and the
multi-dimensional non-LTE radiative transfer
modelling. Gunar et al. (2013, Astronomy &
Astrophysics 551, A3) developed a unique
iterative method for filling of the non-linear
force-free field magnetic dips with hydro-
static prominence plasma that produces re-
alistic 3D distributions of the prominence
fine structure plasma. Gunar et al. (2014,
Astronomy & Astrophysics 567, A123) used
a complex 3D prominence magnetic field
simulations and the multi-dimensional pro-
minence fine structure and radiative transfer
modelling to perform a detailed analysis of
the June 22,2010 prominence that has been
extensively observed by multiple space-born
and ground-based observatories.

Ellerman bombs are small-scale bright struc-
tures observed in the lower atmosphere. They
play an important role in the chromospheric
heating. Non-LTE radiative transfer models of
Ellerman bombs were constructed by Berlicki &
Heinzel (2014, Astronomy & Astrophysics 5567,
AI110) using simultaneously two spectral lines —

Ha and Ca Il H. They could be described by
a “hot-spot” model, located close to the tem-
perature minimum, with the temperature and/
or density increase through a few hundred kilo-
meters within the solar atmosphere.

The solar corona and transition region are
outer parts of the solar atmosphere, where
magnetic fields dominate the structure and mo-
tions of plasma, which is far from thermal equi-
librium. The temperature rises by 2—4 orders
of magnitude and mechanisms of this heating
are not yet completely known. Dudik, Dzif¢a-
kova & Cirtain (2014, Astrophysical Journal 796,
20) calculated the 3D distribution of the area
expansion factors in a potential magnetic field,
extrapolated from the high-resolution Hinode/
SOT magnetogram of the quiescent active regi-
on NOAA [1482. Loop-like structures charac-
terized by locally lower values of the expansion
factor are embedded in a smooth background.
These loop-like flux tubes have squashed cross-
-sections and expand with height. The distribu-
tion of the expansion factors show an overall
increase with height, allowing an active region
core characterized by low values of the expan-
sion factor to be distinguished. They argue that
the structuring of the expansion factor can be
a significant ingredient in producing the obser-
ved structuring of the solar corona.



The magnetically dominated plasma of the
solar corona is an elastic and compressible
medium, which can support propagation of va-
rious types of waves that are investigated in the
context of coronal heating. Meszarosova et al.
(2013, Solar Phys. 283,473 pp.) have shown that
fast magnetoacoustic waves can propagate also
in a fan structure of magnetic field lines above
the coronal magnetic null point. They estimated
plasma parameters in observed radio sources
and found them to be consistent with a pre-
sented scenario involving a magnetic null point.
Further, 2D magnetohydrodynamic simulations
were made (Meszdrosova et al. 2014, Astrophy-
sical Journal 788,44 pp.), showing how propaga-
ting magnetoacoustic waves reflect basic physi-
cal parameters of their waveguides. Possibilities
of detection of these waves in observations
were studied.

A unique explanation of intriguing zebra pa-
tterns (Fig. 3) observed in radio emission of
quite distinct astronomical objects, Sun and pul-

-energy tail have been detected in the solar
transition region and the solar wind and they
can be present also in the corona. Dzif¢akova &
Dudik (2013, Astrophysical Journal Supplement
206, 9) used new atomic data for the calculation
of ionization and recombination rates for the
non-Maxwellian K-distributions. The non-ther-
mal rates allowed them to derive the ionization
equilibria for the different K-distributions and
elements from H to Zn. The K-distributions
significantly influence both the ionization and
recombination rates. They also widen and shift
the ion abundance peaks. The updated ionizati-
on equilibrium calculations result in large chan-
ges for several ions, notably Fe VIII — Fe XIV.
The results are compatible with the CHIANTI
database.

Mackovjak, Dzif¢akova & Dudik (2013, Ast-
ronomy & Astrophysics, 564, 130) investigated
the influence of K-distributions on the tempe-
rature structure of plasma represented by dif-
ferential emission measure (DEM). They found
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Fig. 3 — Zebra pattern observed during the 18 March 2003 event by the Ondrejov
radio spectrograph.

sars, was presented by Karlicky (2013,Astrono-
my & Astrophysics 552,A90). It was shown that
the waves with density variations modulate the
radio continua generated by the plasma emi-
ssion mechanism. Considering single magneto-
acoustic waves in both the radio sources, solar
zebra patterns as well as the zebras observed
in the radio spectra of the Crab Nebula pulsar
were successively modelled.

In the corona, the energy distribution of
particles is far from the thermal (Maxwellian)
one. The non-Maxwellian K-distributions with
an enhanced number of particles in the high-

that the DEM depends on the shape of the
electron distribution. The DEMs of the active
region cores show similar behavior with an
increasing departure from the Maxwellian dis-
tribution, DEM peaks are typically shifted to
higher temperatures and their shapes become
more concave. The behavior of the quiet-Sun
DEM distribution is different. It becomes pro-
gressively less multithermal with an indication
of near-isothermal plasma for strongly non-
-Maxwellian distributions.

The members of the working group collabo-
rate with research institutes in Brazil, France,
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Fig. 4 — Horizontal solar telescope
with multi-channel slit spectrograph
(HSFA2).

Great Britain, Germany, Poland, Russia, Slovakia,
Switzerland, and USA.The working group ope-
rates several ground-based solar telescopes at
the Ondrejov Observatory:

HSFA2:The 0.5-m horizontal solar telescope
(Fig. 4) equipped with a large multichannel slit
spectrograph is used mostly for observations
of flares and prominences in five spectral re-
gions simultaneously: Ca Il H, HB, Na | D and
He I D3,Ha, and Ca Il 854.2 nm, together with
Ha slit-jaw images. At present, HSFA2 is fully
computer-controlled and provides data on
fast processes in solar flares and prominences
(http://www.asu.cas.cz/~sos/). It is often utili-
zed in coordinated campaigns with other Eu-
ropean space and ground-based instruments.
A new experiment for measurement of Balmer
continuum changes in solar flares was installed
at HSFA2 focal plane. Results based on the first
successful observation were presented at the
FLARES conference at Prague in 2014 and sub-
mitted for publication.

Radio telescopes:The radio flux and spectra
of the Sun are observed daily with three in-
struments: a single-frequency 3 GHz receiver
(RT3, 3-m dish), a 2.0-4.5 GHz radio spectro-
graph (RT4, 3-m dish),and a 0.8-2.0 GHz radio
spectrograph (RT5, 10-m dish). Chosen time
intervals with radio events are processed and
archived — see http://www.asu.cas.cz/~radio/.
SORT: The 0.28-m solar robotic telescope
was finished in 2015. It will provide a high-

Structure and Dynamics of the Solar Atmosphere
group. From left to right: M. Kivaria, J. Jurcdk,
M. Sobotka, M. Svanda, P AmbroZ,
and A. Chytrovd.

-cadence detailed imaging of the solar chro-
mosphere, particularly flares, in the Ca Il H
and Ha bands.

Structure and Dynamics of the Solar
Atmosphere working group

“The main results of this group concern the physics
of sunspots, particularly the penumbra, solar pores,
small-scale magnetic structures, and the sub-pho-
tospheric convection. The members of the group
are also engaged in ground-based instrumentation.
The group is located in Ondrejov.” — Michal So-
botka, head of the group.

Personnel:
The working group is headed by M. Sobotka.

Research fellows: P. Ambroz, |. Juréak, M. Kl-
vafia, M. Sobotka, and M. Svanda.

Research results:

Orphan penumbrae (Fig.5) are structures visu-
ally resembling sunspot penumbrae, but are not
connected to any umbra.The nature of strong
gas flows that are observed in both types of
penumbrae was studied by Jurcak et al. (2014,
Astronomy & Astrophysics 564,A91).A simple
magnetic field configuration of orphan pe-
numbra allows to speculate that the fast flows
are caused by the siphon flow mechanism. Ba-
sed on the similarities between orphan and
regular penumbrae, it was proposed that the
Evershed flow is also a manifestation of the
siphon flow.



Fig. 5 —Temporal evolution of the orphan
penumbra observed by HINODE/SOT
in NOAA 11089. From left to right: continuum
intensity, LOS velocity, and the vertical
component of magnetic field with arrows
indicating the strength and orientation
of the horizontal component.

The processes of the formation of a sunspot
penumbra are still not well understood. MHD
simulations show that the critical inclination of
magnetic field vector may trigger it. Juréak et
al. (2014, PAS), 66S, 3)) studied the evolution of
the magnetic field inclination on the forming
umbra-penumbra boundary. Before the appea-
rance of penumbral filaments, they observed

an increase of magnetic field inclination, where
the maximum inclination is co-temporal with
the onset of penumbra formation (Fig. 6). In
time, the penumbra filaments become longer
and the penumbral bright grains protrude into
the umbra, where the magnetic field is stronger
and more vertical. Consequently, we observe
a decrease in the magnetic field inclination at
the boundary as the penumbra grows. They
observationally confirmed that the penumbra
formation is triggered by a critical value of the
magnetic field inclination.

Solar pores are intermediate-size magnetic
flux features (small spots) that emerge at the
surface of the Sun. Despite the pores are lac-
king a penumbra, Sobotka et al. (2013, Astro-
nomy & Astrophysics 560, A84) have proven
that in the chromosphere, pores can be su-
rrounded by a superpenumbra like developed
sunspots. In addition to that, we addressed
the important problem of chromospheric
heating.We found that acoustic waves leaking
up from the photosphere along the inclined
magnetic field in a light bridge transfer enou-
gh energy flux to balance the radiative losses,
so that the light-bridge chromosphere is hea-
ted by acoustic waves.

Magnetic bright points are the finest magne-
tic structures observed on solar surface. Their
dynamics can play a crucial role in heating of
higher layers of solar atmosphere. In collabora-
tion with D. Utz (Austria) we investigated the
magnetic field strength distribution of magne-
tic bright points (Utz et al. 2013, Astronomy &
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Fig. 6 — Temporal evolution of magnetic field inclination (red) and strength (blue) at the umbra-pe-
numbra boundary segment.The values of magnetic field inclination y and strength B smoothed over
10 minutes are shown by red and blue lines.The dashed black lines in the y plots show the positions

of the boundaries with time, where the axis on the right-hand side shows the span of the motions.
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Astrophysics 554,A65).We used datasets from
both active and quiet regions to investigate if
the properties of magnetic bright points are
sensitive to the surrounding activity. In all da-
tasets, the obtained magnetic field strength
distribution of magnetic bright points is similar
and shows peaks around 1300 G.This agrees
well with the theoretical prediction of the con-
vective collapse model.

Convection and plasma motions in the
upper layers of the solar convection zone
are studied. Understanding the dynamics of
plasmas and their coupling to the magnetic
fields is very important in order to constrain
models leading to an explanation of how and
why the phenomena of solar activity (suns-
pots predominantly) form. Mostly large ar-
chives from the Helioseismic and Magnetic
Imager (HMI) aboard the Solar Dynamics
Observatory are used to study the topic.

We participated in development of a fully
self-consistent analysis pipeline for time-di-
stance helioseismology. The pipeline was tes-
ted and compared to the measurements from
the surface (Svanda et al., 2013, Astrophysical
Journal 771, 32) with the conclusion that the
inferences from helioseismology match the
surface measurements within the experimen-
tal error bars.The advantage of time-distance
is to measure also the vertical component of
the velocity vector. This allowed to estimate

for instance the near-surface scale-height of
density with a value close to the value predic-
ted from the theoretical models. The impro-
ved method was used to assess the structure
of the convection in the near-surface layers
(Svanda et al.,, 2013, Astrophysical Journal 775,
7) down to a depth of 9 Mm. It was shown
that the peak in the spatial power spectrum
associated with supergranulation implying
a large spatial extent of supergranule-like
convection in depth.

Statistical surface properties of supergranu-
les from HMI data were also studied (Roudier,
Svanda et al., 2014, Astronomy & Astrophysics
567, A138). It was found that when using the
watershed segmentation, the almost complete
set of supergranules was obtained, statistical
properties of which were comparable to the
previous studies. Moreover, we studied a possi-
bility of a dependence of the rotation and me-
ridional speeds of supergranules on their sizes,
as suggested by some authors.We did not find
any significant deviations of proper motions of
either small or large supergranules, thereby we
do not support the possibility to use supergra-
nules as tracers to learn about the solar rotati-
on and meridional flow in depth.

A near-surface plasma flow in the vicinity of
isolated symmetrical sunspots (the moat flow)
was studied by Svanda et al. (2014, Astrophys-
ical Journal 790, 135), using the local helioseis-
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Fig. 7 — Comparison of vector flow around an average symmetric sunspot, marked by two concentric black
circles, and an average supergranule.The horizontal velocity component is depicted by arrows, the vertical
component by color coding. Major differences seen are the east-west asymmetry of the horizontal moat
flow around the sunspot and the difference in the magnitude of the vertical velocity within the moat.
The upflow ring at a distance of 38 Mm indicates the average location of neighboring supergranules.



mology technique.We found that it resembles
the radial streaming in convective supergranu-
les (Fig. 7). In the vicinity of sunspots, the flow
is deformed due to the spot's proper motion, it
is deflected backwards and to a downflow. This
result contributes to our knowledge about the
dynamics of sunspots — the most prominent
phenomenon of solar activity.

The members of the working group collabora-
te with research institutions in Austria, France,
Germany, Italy, Portugal, and Spain. Observatio-
nal data come from large solar telescopes lo-
cated in the Canary Islands observatories and
from solar satellites SOHO and HINODE. The
group is collaborating with leading German as-
trophysical institutes on the project GREGOR,
a large solar telescope with a diameter of 1.5
m. The telescope was inaugurated on 2| May
2012 at Observatorio del Teide, Tenerife, Cana-
ry Islands.We took part in alignment and testing
of post-focal instruments and in the “Early-Sci-
ence” period of observations. Participation in
the project, financed by the Czech Ministry of
Education, Youth and Sports, allows us to share
observing time on this unique instrument. The
group collaborates with the Astronomical Ob-
servatory of the Coimbra University, Portugal,
in the operation of the full-disc spectroheliogra-

ph, maintaining the software for data acquisiti-
on and processing since 2008.We upgraded this
software in 2014. The daily observed spectro-
heliograms and Dopplergrams are available in
the French solar data base BASS 2000.

Heliosphere and Space Weather
working group

“The main results of this group concern the phys-
ics of the solar wind, including extended numerical
simulations. The members of the group are also
engaged in space research activities. The group is
located in Prague.” — Marek Vandas, head of the
group.

Personnel

The working group is headed by M. Vandas.
Research fellows: P. Hellinger, D. Her¢ik, S. Sim-
berova, S. Stverak, P. Travnicek, M. Vandas, and
there are several PhD students.

Research results

Proton thermal energetics represents one of
the challenging problems of the solar wind phy-
sics. The earlier analysis of proton energetics in
the fast solar wind (Hellinger et al. 2011, Jour-
nal of Geophysical Research |16,A09105), was
extended to the slow solar wind. The proton

Heliosphere and Space Weather working group. From left to right: J. Laifr, M.Vandas, P. Hellinger,
S. Stverdk, O. Sebek, M. Jilek.



/28

parallel and perpendicular heating rates were
determined and compared with those in the
fast solar wind using Helios spacecraft in situ
observations (Hellinger et al. 2013, Journal of
Geophysical Research 119, 1351). The heating
rates in the slow solar wind constrain possible
heating processes. The necessary heating rates
are comparable to estimated turbulent cascade
rate, but it was shown that these estimates are
based on questionable assumptions.

The proton temperature anisotropy in the
solar wind exhibits apparent bounds compa-
tible with theoretical instability constraints.
Recent statistical analyses indicate that near
these constraints, protons have enhanced tem-
peratures and reduced collisionality. Hellinger
& Travnicek (2014, Astrophysical Journal 784,
LI5) analyzed the WIND spacecraft data and
showed that these results are a consequence
of superposition of multiple correlations in the
solar wind such as the yet unexplained corre-
lation between the proton temperature and
their bulk velocity.

Superposition of cylindrical and toroidal for-
ce-free magnetic fields were studied to model
irregularities in magnetic structure of solar flux
ropes or in interplanetary magnetic clouds. Lo-
cal irregularity in the form of a compact toroid
was added into a cylindrical linear force-free
magnetic structure. The resulting configuration
also was a linear force-free magnetic field. The
effect of such modeling depends on aspect ratio
of the compact toroid, its location and orienta-
tion,and on its magnetic field magnitude in com-
parison with that of the cylinder (Romashets
and Vandas 2013, Solar Physics 284, 235).

Euler potentials have advantage that enable
to study charged-particle motions with high
accuracy. There are not many known analytic
solutions for Euler potentials in magnetic sys-
tems. Vandas & Romashets (2014, Journal of
Geophysical Research 119, 2579) constructed
analytically Euler potentials of two current she-
ets of nonzero thickness parallel or antiparallel
to each other and aligned with uniform ambi-
ent magnetic field and used them to investigate
conditions for particle motion and trapping.
The results can be applied to Birkeland cu-
rrents in the Earth‘s auroral zone.

The asymmetric properties of the Herme-
an magnetosphere were studied using hybrid
simulations (Her¢ik et al. 2013, Journal of Geo-
physical Research 118, 405). The asymmetry is
explained as a result of kinetic processes at the
bow shock layer that are convected through
the magnetosheath. In particular, the proper-
ties of the magnetosheath are examined in or-
der to identify source regions with significant
mirror mode activity. Results are important for
interpretation of MESSENGER in situ observa-
tions and for preparation of the upcoming
BEPI-COLOMBO mission. This work results
from active participation in the MESSENGER
(NASA) and BEPI-COLOMBO (ESA, JAXA)
spacecraft projects.

The group is also involved in image informa-
tion processing. The art of image processing is
a topic with boundaries well beyond astrono-
my.Astronomical image processing applies a va-
riety of numerical methods to extract scienti-
fically valuable information from the observed
data. Applied sciences in this subject cover
very broad area including pre-processing (data
acquisition from the space and ground-based
observation, standard data reduction, removing
of noise components and random disturban-
ces, raw and processed data archiving), mo-
deling of image degradation, image fusion and
reconstruction, statistical analysis of dynamical
events, and pattern recognition. The recent re-
sult (Fig. 8) is a unique application of statistical
moments in diagnostics of solar flares (Simbe-
rova et al. 2014, Solar Physics 289, 193). New
mathematical methods and algorithms are de-
signed in cooperation with research groups

Fig. 8 — An automatic active-regions searching
on the solar surface (left), significant and start
time-point determination of the flare from
the observed video sequence (right).



from the Institute of Information Theory and
Automation of the ASCR.

The Solar Activity Monitoring and Forecas-
ting unit, located in Ondrejov, provides regular
solar observations in the white light and the
Ha line. It uses three small full-disc refractors
for drawings, white light, and Ha and two 20-
cm refractors for imaging of active regions in
the photosphere and Ha chromosphere (Fig.
10). The results, besides the use in the Team,
are provided to the world net International
Space Environment Service (ISES) as a part of
the Regional warning Centre Prague (station
No. 31516), and to the Solar influences Data
Centre (SIDC) in Brussels. In addition to so-
lar observations, the unit collects all the acce-
ssible data on the actual state of solar activi-
ty and regularly compiles and publishes daily
and weekly solar-activity forecasts. The weekly
activity forecasts are published every Thursday
for approximately 50 Czech and international
users (radio communications, radio amateurs,
ISES, SIDC, and others). The daily solar acti-
vity forecasts are presented in the Czech Te-
levision as a part of the weather forecast. The
solar-activity forecast, made in Ondrejov since
1978, is a national service and represents an
integral part of the international space weather

program.The observations can be found at the
web site http://www.asu.cas.cz/~sunwatch/.

Space research activities of
the Department of Solar Physics

The Department of Solar Physics currently
participates in three space projects of Europe-
an Space Agency (ESA): Solar Orbiter (Fig. 9),
PROBA-3, and JUICE. The scientists, as mem-
bers of several consortia, participate in the sci-
ence goals definition and they are responsible
namely for the development and manufacture
of the following scientific instruments:

STIX: Low and high voltage power supply
(PSU) for the STIX X-ray spectrometer-imager
onboard the Solar Orbiter mission and its
controlling flight software. The STIX consor-
tium was established in 2006 with the Czech
and Swiss active participation. Later on, the
consortium was completed with participants
from France, Germany, USA and Poland. The
Department of Solar Physics participates in the
definition of science goals of the project and
develops the hardware in a special group of
technicians in Brno, incorporated temporarily
in the Department.

RPW: Low voltage power supply and po-
wer distribution unit for the RPW experi-

Fig. 9 — Artist’s view of the Solar Orbiter spacecraft (image courtesy ESA).
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Fig. 10 — Solar patrol with telescopes (up)
and the control room with observers
J- Lesko and I. Macourkovd (down).

ment on the Solar Orbiter mission. The RPW
consortium was formed as a response to the
ESA announcement of opportunity for its
M-class mission within the Cosmic Vision sci-
ence program. Currently the consortium is led
by CNES (France) and, besides ASU, it involves
participants from Sweden, Austria, and USA.
The RPW instrument’s science goal is to provi-
de in situ measurements in solar wind of both
the electrostatic and electromagnetic fields and
waves in a broad frequency range. Like in the
previous (STIX) case, the hardware is develo-
ped by the group of technicians in Brno.
METIS: The participation in the METIS in-
strument onboard the Solar Orbiter mission
has been proposed by the consortium (Ita-
ly, Czech Republic, France, Germany, USA)
in response to the ESA’s announcement of
opportunity. The METIS design was aimed at
performing off-limb and near-Sun coronagra-
phy, the task motivated by scientific questions
of the origin and heating/acceleration of the
solar wind streams, the origin,acceleration and
transport of the solar energetic particles, and
the transient ejection of coronal mass and its
evolution in the inner heliosphere. The De-

partment is responsible for manufacturing and
delivering optical components: the primary
and secondary telescope mirrors and the he-
at-rejection mirror. All these optical elements
are now developed and will be manufactured
in the Institute of Plasma Physics ASCR, the
Research Centre for Special Optics and Op-
toelectronic Systems (TOPTEC) in Turnov.The
Department will get scientific profit from the
direct access to expected unique data received
during observations with the instrument.

JUICE: Low voltage power supply and po-
wer distribution unit for the RPWI experi-
ment on the JUICE mission to Jupiter (Fig. I I).
The RPWI consortium was formed as a re-
sponse to the ESA announcement of opportu-
nity for its L-class mission within the Cosmic
Vision science program. Currently the con-
sortium is led by IRSU (Sweden) and, besides
ASU, it involves participants from Austria and
USA. The RPW instrument’s science goal is
to provide plasma and electromagnetic wave
measurements in situ in the Jupiter‘s magne-
tosphere including close environment of seve-
ral Jupiter‘s moons.

PROBA-3:The aim is the development, ma-
nufacturing, testing and delivery of the hard-
ware components for the space coronagraph
ASPIICS. The main goal of the mission is an in-
-orbit demonstration of formation-flying tech-
niques and technologies and this will be imple-
mented with a pair of small spacecrafts. The
ASPIICS solar coronagraph will fully benefit
from exploiting the formation-flight technique

Fig. I'l — Current state of the preliminary
engineering model of the power supply
subsystem being developed at the Astronomical
Institute for the RPWI experiment
on the JUICE (ESA) mission.



to gain a unique access to the inner solar co-
rona down to 1.04 solar radii over long peri-
ods of time under near-total solar eclipse con-
ditions. The responsibility of the Department
is to coordinate the development of the Front
Door Assembly and the Primary Objective to-
gether with the Relay Optics done by national
industrial partners — SERENUM, a.s. and TOP-
TEC center of the Institute of Plasma Physics
ASCR. The original design of the Front Door
Assembly (which constitutes the closing me-
chanism of the aperture of the optical telesco-
pe) was transferred from the Max-Planck Insti-
tute for Solar System Research in Géttingen,
Germany to the national industrial partner
SERENUM, a.s. Newly founded technological
center TOPTEC of the Institute of Plasma Phy-
sics ASCR will develop and manufacture space-
-qualified optics.

Published Principal Results

We present abstract of the most interesting
results of the last two years.

Proton thermal energetics in the solar wind:
Helios reloaded

P. Hellinger, P. Travnicek, S. Stverdk, L. Matteini,
M.Velli

Journal of Geophysical Research: Space Physics,
2013,Volume |18, Issue 4,p. 1351-1365

The proton thermal energetics in the slow
solar wind between 0.3 and | AU is reinvesti-
gated using the Helios | and 2 data, comple-
menting a similar analysis for the fast solar
wind [Hellinger et al,, 201 1]. The results for
slow and fast solar winds are compared and
discussed in the context of previous results.
Protons need to be heated in the perpendi-
cular direction with respect to the ambient
magnetic field from 0.3 to | AU. In the para-
llel direction, protons need to be cooled at
0.3 AU, with a cooling rate comparable to the
corresponding perpendicular heating rate;
between 0.3 and | AU, the required cooling
rate decreases until a transition to heating
occurs: by | AU the protons require para-
llel heating, with a heating rate comparable
to that required to sustain the perpendicu-
lar temperature. The heating/cooling rates

(per unit volume) in the fast and slow solar
winds are proportional to the ratio between
the proton kinetic energy and the expansi-
on time. On average, the protons need to be
heated and the necessary heating rates are
comparable to the energy cascade rate of the
magnetohydrodynamic turbulence estimated
from the stationary Kolmogorov-Yaglom
law at | AU; however, in the expanding solar
wind, the stationarity assumption for this law
is questionable.The turbulent energy cascade
may explain the average proton energetics
(although the stationarity assumption needs
to be justified) but the parallel cooling is li-
kely related to microinstabilities connected
with the structure of the proton velocity dis-
tribution function.This is supported by linear
analysis based on observed data and by re-
sults of numerical simulations.

Tomography of Plasma Flows in the Upper
Solar Convection Zone Using Time-Distance
Inversion Combining Ridge and Phase-speed
Filtering

M. Svanda

The Astrophysical Journal, 2013, Volume 775,
Issue |,article id. 7, 10 pp.

The consistency of time-distance inversions
for horizontal components of the plasma flow
on supergranular scales in the upper solar
convection zone is checked by comparing the
results derived using two k-omega filtering
procedures — ridge filtering and phase-speed
filtering — commonly used in time-distance
helioseismology. | show that both approaches
result in similar flow estimates when finite-fre-
quency sensitivity kernels are used. | further
demonstrate that the performance of the in-
version improves (in terms of a simultaneously
better averaging kernel and a lower noise le-
vel) when the two approaches are combined
together in one inversion. Using the combined
inversion, | invert for horizontal flows in the
upper 10 Mm of the solar convection zone.
The flows connected with supergranulation
seem to be coherent only for the top ~5 Mm
deeper down there is a hint of change of the
convection scales toward structures larger
than supergranules.
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Hydrogen Balmer Continuum in Solar Flares
Detected by the Interface Region Imaging
Spectrograph (IRIS)

P. Heinzel, L. Kleint

The Astrophysical Journal Letters, 2014, Volu-
me 794, Issue 2, article id. L23, 6 pp.

We present a novel observation of the whi-
te light flare (WLF) continuum, which was
significantly enhanced during the XI flare on
2014 March 29 (SOL2014-03-29T17:48). Data
from the Interface Region Imaging Spectro-
graph (IRIS) in its near-UV channel show that
at the peak of the continuum enhancement,
the contrast at the quasi-continuum window
above 2813 A reached 100%-200% and can be
even larger closer to Mg Il lines. This is fully
consistent with the hydrogen recombination
Balmer-continuum emission, which follows an
impulsive thermal and non-thermal ionization
caused by the precipitation of electron beams
through the chromosphere. However, a less
probable photospheric continuum enhance-
ment cannot be excluded. The light curves of
the Balmer continuum have an impulsive cha-
racter with a gradual fading, similar to those
detected recently in the optical region on the
Solar Optical Telescope on board Hinode.
This observation represents a first Balmer-
-continuum detection from space far beyond
the Balmer limit (3646 A), eliminating seeing
effects known to complicate the WLF detec-
tion. Moreover, we use a spectral window so
far unexplored for flare studies, which provi-
des the potential to study the Balmer continu-
um, as well as many metallic lines appearing in
emission during flares. Combined with future

ground-based observations of the continuum
near the Balmer limit, we will be able to di-
sentangle various scenarios of the WLF origin.
IRIS observations also provide a critical quan-
titative measure of the energy radiated in the
Balmer continuum, which constrains various
models of the energy transport and deposit
during flares.

Moat Flow System around Sunspots in Sha-
llow Subsurface Layers

M. Svanda, M. Sobotka, T. Barta

The Astrophysical Journal, 2014, Volume 790,
Issue 2, article id. 135, 7 pp.

We investigate the subsurface moat flow sys-
tem around McIntosh H-type symmetrical
sunspots and compare it to the flow system
within supergranular cells. Representatives of
both types of flows are constructed by me-
ans of the statistical averaging of flow maps
obtained by time-distance helioseismic inver-
sions.We find that moat flows around H-type
sunspots replace supergranular flows but the-
re are two principal differences between the
two phenomena: the moat flow is asymmet-
rical, probably due to the proper motion of
sunspots with respect to the local frame of
rest, while the flow in the supergranular cell
is highly symmetrical. Furthermore, the who-
le moat is a downflow region, while the su-
pergranule contains the upflow in the center,
which turns into the downflow at about 60%
of the cell radius from its center.VWe estimate
that the mass downflow rate in the moat re-
gion is at least two times larger than the mass
circulation rate within the supergranular cell.



Stony monolite of historical solstoce/equinox sun dial, located nearby the main building
of the department.
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Head scientist — M. Slechta. Deputy -
M. Kraus.

Secretary: E. Kortusova,
Phone: (+420) 323 620 226,
E-mail: kortusova@asu.cas.cz

“Department of Stellar Physics is one of four de-
partments of the Astronomical Institute. It is si-
tuated in Ondrejov. The department is divided
into three working groups: the astrophysics of hot
stars, the operation and development of Perek
2-m telescope and the high energy astrophysics
group. The first two groups are closely involved
with the Ondrejov 2-m telescope.The high energy
astrophysics group requires other instrumentati-
on described below.” — Miroslav Slechta, head
of the Department of Stellar Physics.

Personnel

The working group is headed by J. Kubdt. Re-
search fellows: A.Hervé, P. Kabath,A. Kawka,
P. Koubsky, M. Kraus, G. Maravelias, M. Oksala,
P. Skoda, B. Surlan, S.Vennes, V. Votruba, and
there have been several PhD students.

Research Results

Study of Be stars. About one fifth of all B-type
stars in the Milky Way are Be stars - B type
stars of luminosity class Ill, IV orV having one
or more Balmer lines in emission at some time.
Judging from results so far presented, Be stars
can be understood as very rapidly rotating B
stars, surrounded by a geometrically thin, gase-
ous, circumstellar disk which is excited by the
UV radiation of the B star.Three scenarios have

Physics of Hot Stars Group and Two-meter Telescope Group (2015): From left bottom: J. Honsa,
E. Kortusovd, P. Skoda, J. Fuchs, L. Kotkovd, L. Rezba, M. Slechta, P. Koubsky, V.Votruba, A. Hervé,
S.Vennes, M.Tlamicha, A. Kawka, J. Sloup, M. Kraus, S. Tomic.

Group of Hot stars

“The group’s main area of research is studies
of hot stars, although other research topics are
pursued. The group consists of observers and
theoreticians who collaborate on projects.” — Jiri
Kubat, head of the group.

been proposed to explain the rapid rotation
of the Be stars: (i.) Be stars are born as rapid
rotators and are able to avoid spin-down du-
ring their further evolution. (ii.) They get spun
up due to core contraction occuring when
the hydrogen inside the core is exhausted. (jii.)
They form due to close binary evolution.
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Fig. I — A graphic interpretation of star
Achernar, one of the most known Be stars.
On the equator level of star is geometrically

thin, gaseous, circumstellar disk.

Fig. 2 —The Seagull Nebula is a roughly circular
HIl region centered on the Herbig Ae/Be-type star
HD 53367.

Binarity has been proposed to be respon-
sible for the origin of Be stars (see Fig. |)
by Kriz and Harmanec (1975). In that case,
the disk would be an accretion disk. But
statistical arguments on Be binarity conti-
nue to speak against it as a wide spread
mechanism, since most Be stars do not be-
long to active mass transfer binaries with
Roche lobe filling giants. Current binary
scenarios discuss the Be stars not as com-
ponents of close binaries where mass and
angular momentum transfer occurs, but as
remnants of close binaries after the mass
and angular momentum transfer was com-
pleted (Berger and Gies 2001). The Roche
lobe overflow of the original primary com-
ponent can result in a rejuvenated, spun-
-up new primary that appears as a rapidly
rotating Be star.

CREDIT: ESO

Calculation for case B of close binary
evolution (Vanbeveren et al. 1998) for in-
termediate-mass main sequence stars let
to the conclusion that up to 50 percent
of all Be stars could have formed this way
representing post mass exchange binaries
(Pols et al. 1991). Therefore, many binary
systems with evolved companions should
exist which have not yet been discovered.
According to Raguzova (2001), most of the
evolved Be binary systems should have a whi-
te dwarf (WD) companion, about one fifth
a helium star (sdO), and one tenth a neutron
star (NS). Pols et al. (1991) predict that 80
percent of the evolved companions should
be helium stars. Due to expected low masses
for the companions it is difficult to detect
them with currently used methods of radial
velocities. Some Be stars with WD or NS
companions are observed as Be/X-ray bina-
ries where the X-rays originate during the
mass accretion by the compact objects. The
emission from the sdO companions should
dominate in the XUV region.

For years, only one case of a Be + sdO bi-
nary - phi Per - has been known.The spectral
signatures of the sdO in this system - lines
of He Il - were detected both in optical and
UV regions (Poeckert 1981, Gies et al. 1998).
Besides the He Il lines, phi Per shows an addi-
tional feature that is inherent in a Be + sdO
nature: single-peaked He | emission moving in
anti-phase with the He Il lines. Hummel and
Stefl (2001) showed that this phenomenon is
explicable, if it is assumed that a sector of the
Be star disk is illuminated by the UV radiation
from the hot secondary. This area becomes
hotter and thus gives rise to the extra emi-
ssion swaying from the red side of the heli-
um absorption profile to the blue one and
back. Similar features were found in 59 Cyg
and in FY CMa, both systems confirmed as Be
+ sdO binaries, also called radiatively inter-
acting binaries (RIB).

In 2010, we initiated a systematical search
for the RIB objects using spectra from the
2-m telescope at Ondrejov and the [.2-m
telescope at DAO, Victoria, Canada (in ro-
botic mode). The candidates for RIBs were



selected from the archive of both telescopes
which were complemented by new spectra.
Three new RIBs were discovered: omicron
Pup (Koubsky et al.2012),HD 161306 (Koub-
sky et al. 2014),V 1165 Tau (in preparation).
Thus, the number of known Be stars which
were formed due to close binary evolution
is growing, but it is still difficult to estimate
the fraction of Be/compact object systems
among all Be stars. This fraction depends on
the assumed evolutionary model. Improved
methods for an easier identification of evol-
ved Be binaries with hot, compact compani-
ons are expected to lead to the detection
of many such binaries in the future. This will
allow us to assess the fraction of Be stars
originating from the evolution of close bina-
ries and, therefore, to test particular evoluti-
onary models.

The temporal analysis of moving emission
features of the He | lines can be used not
only for deriving the period of a particular bi-
nary system, but also to probe the structure
of the disk of a Be star and/or to monitor the
variability of the compact source. Koubsky et
al.2012,A&A, 545,A121, Koubsky et al. 2014
A&A 567,A57.

The Perek 2-m telescope is an excellent
tool for systematic monitoring of selected
targets. However, our research is not pure-
ly restricted to data obtained with the 2-m
telescope. Typically, we aim to obtain com-
plementary data from instruments at other,
large telescopes, such as the ESO Very Large
Telescope at Paranal (see Fig. 3) in Chile and
the GEMINI observatory on Hawaii, Kitt

Peak National Observatory etc. These faci-
lities provide spectroscopic and imaging data
in different wavelength regimes (optical, in-
frared) that excellently complement our own
data sets for a most complete analysis of in-
dividual stars, their winds and circumstellar
environments.

Theoretical astrophysical studies nicely
complement the observations conducted in
our department. The aim is focused on the
radiative magnetohydrodynamic modelling of
stellar atmospheres and stellar wind.We also
aspire to the better explain the phenomenon
of accretion discs. This is interest of our co-
lleague Jifi Kubdt who closely cooperate with
Jiri Krticka (Masaryk University, Brno, Czech
republic) on this field.

Research on hot supergiants is one major
research topic in the stellar department. In
particular, we aim to improve our understan-
ding of the origin, structure, and dynamics of
the circumstellar material around evolved
massive stars in short-lived transition phases
such as the B[e] supergiants and the lumi-
nous blue variables (LBVs). In addition, we
seek to unravel the triggering mechanism for
the phases of enhanced mass-loss and mass
eruptions in these stars.We also study their
less violent counterparts, the classical B-type
supergiants. Ve initiated an observing cam-
paign to monitor a sample of Galactic B-type
supergiants in different timescales.To achieve
our goals, we perform both theoretical and
observational investigations, combining opti-
cal observing facilities such as the Perek 2-m
telescope at Ondrejov Observatory and the

Fig. 3 — Panoramatic view of the ESO’s Paranal observatory platform. Four domes
with VLT telescopes are situated on right as the Milky Way sets before the dawn.

CREDIT: PETR HORALEK/ESO
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Fig. 4 — Michaela Kraus and her team discovered the SiO band emission from Galactic B[e]
supergiants.This is an indication for a debris disk, i.e., a disk with dust particles and rocks.
The figure depicts an artist’s vision of a debris disk revolving a hot central object.

2.1 5m-telescope at CASLEO, Argentina, with
infrared facilities provided by the ESO VLT
and by GEMINI (North and South), to which
we have access via our international collabo-
rations.

We studied the structure and kinematics
of the circumstellar material around evol-
ved massive stars based on different tracers:
The size and inclination of dusty disk regi-
ons were studied using interferometry (Ci-
dale et al., 2012, Astronomy & Astrophysics,
Volume 548, id.A72, 9 pp.). We analysed the
shape of the [Call] and Call infrared triplet
line profiles, which we discovered as valuable
diagnostics, to trace the atomic gas parts of
the circumstellar disks or rings (Aret et al,,
2012,MNRAS,Volume 423, Issue I, 10 pp.).In
addition, we modeled the shape and strength
of the CO band and the recently discovered
SiO band emission (Kraus et. al,, 2015, As-
trophysical Journal, Volume 800, Issue 2, ar-
ticle id. L20, 5 pp.) to constrain the structure
(density and temperature) and dynamics of
the molecular disk parts. Our investigations
revealed that emission of the [Call] lines is
only detectable from stars with dusty rings
(see Fig. 4) or disks, i.e., stars with very den-
se circumstellar material, such as the B[e]
supergiants, post-AGB stars, yellow hypergi-
ants, and, occasionally, LBVs. Combining the
results from all disk tracers, we also found

that the material around B[e] supergiants
cannot be located in a continuous outflowing
disk. Instead, it is detached from the star
and arranged in multiple, high-density rings
or spiral arm like structures in Keplerian (or
quasi-Keplerian) rotation. This, in turn, means
that the material release must happen in seve-
ral short and probably violent mass ejection
events, similar to what is observed in LBVs.
For one B[e] supergiant star we discovered
the sudden appearance of CO band emission,
and we conclude that this emitting material
must result from a recent mass ejection event
(Oksala et al,, 2012, MNRAS, Letters, Volume
426, Issue |, pp. L56-L60). Furthermore, our
analysis of the molecular material in some
B[e] supergiants in binary systems revealed
that the accumulation of the material in cir-
cumbinary rings or spiral arms results from
binary interaction processes (Kraus et al,
2013, Astronomy & Astrophysics,Volume 549,
id.A28,7 pp.).

We performed an infrared survey of a large
number of evolved massive stars. This survey
allowed us also to perform an abundance stu-
dy, based on which we found that the B[e]
supergiant phase occurs in the evolution of
massive stars right after the main sequence
rather than after the star has passed through
the red supergiant phase. This is a surprising
result, because this means that, despite many

CREDIT:T. PYLE, SPITZER SCIENCE CENTER, CALTECH



similarities, B[e] supergiants and LBVs are
most probably not evolutionary linked but
evolve from stars with different initial conditi-
ons (Oksala et al.,2013,Astronomy & Astro-
physics,Volume 558,id.A 17,20 pp.). Moreover,
we discovered criteria that allow us to unam-
biguously classify a star as either an LBV or
a B[e] supergiant. Application of our infrared
diagnostics to a sample of unclassified evol-
ved massive stars resulted in the discovery of
the first B[e] supergiants in the Andromeda
galaxy (Kraus et. al., 2014, Astrophysical Jour-
nal,Volume 780, Issue 1, article id.L10,5 pp.).

From our monitoring campaign of B-type
supergiants, we discovered in the line profiles
of HD 202850 a stable variation with a pe-
riod of 1.6 h, which is much shorter than
any theoretical predictions for stars in this
evolutionary stage (Kraus et al,, 2012, Astro-
nomy & Astrophysics, Volume 542, id.L32, 4
pp.)- We also analyzed a large set of optical
spectroscopic data for 55 Cygni, which we
classify as a new member of the alpha Cyg-
ni variables (Kraus et al., 2015, Astronomy
& Astrophysics, Volume 581, id.S75, 22pp.).
The observations were obtained with the
Perek 2-m telescope at Ondrejov Observa-
tory over a time interval of more than four
years. From a period analysis, we identified
19 pulsation periods, ranging from 2.7 h to
22.5 days. These could be assigned mainly
to p- and g-mode pulsations, while the lon-
gest period of 22.5 days is in agreement with
a strange mode pulsation (see Fig. 5). In addi-
tion, from an analysis of the wind emission
lines, in particular of Ha, we recognized ti-
me-variable mass-loss in this object, with
a similar period of ~20 days, suggesting that
the strange mode could trigger the time-va-
riable mass-loss in this object.

Modelling of stellar atmospheres and
winds with the collaboration with the Faculty
of Science of Masaryk University in Brno has
existed for about |5 years.This collaboration
is led by Jifi Kubat in Ondrejov and Jifi Kr-
ticka in Brno. They published a large number
of common scientific papers (mostly in Ast-
ronomy and Astrophysics) about theoretical
modelling of stellar winds. The group invol-

Fig. 5 — lllustration of the influence of stellar
pulsations on the observable spectral line profi-
le.The pulsation modes are shown on the top in
blue (moving towards us) and red (moving away
from us), the impact on the line profile is shown

in the middle, and the difference between line
profiles of pulsating and non-pulsating stars are
shown in the bottom panels.

ves people from both the stellar department
of the Astronomical Institute and Faculty of
Science and collaborates also with the As-
trophysics group at the Potsdam University
(Germany).

The most important property of massive,
hot stars is their mass outflow expelled via
stellar winds. Hot star wind mass-loss rates
depend on the abundance of individual ele-
ments. This dependence is usually accounted
for assuming scaled solar chemical compos-
ition. The rotational mixing in evolving stars
brings CNO-processed material to the ste-
llar surface, increases the abundance of nit-
rogen at the expense of carbon and oxygen,
which potentially influences the mass-loss
rates. We studied the influence of the modi-
fied chemical composition resulting from the
rotational mixing on the wind parameters,
particularly the wind mass-loss rates.VWe use
our non-local thermodynamic equilibrium
wind code (Krticka & Kubat, 2010, Astrono-
my & Astrophysics 519, A50) to predict the
wind structure and compare the calculated
wind mass-loss rate for the case of scaled
solar chemical composition and the compo-
sition affected by the CNO cycle. For some
parameters, the mass-loss rates are changed
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(Krticka & Kubat, 2014, Astronomy & Astro-
physics 567,A63).

Recent studies of O-type stars demon-
strated that discrepant mass-loss rates are
obtained when different diagnostic methods
are employed. Wind inhomogeneity (i.e.
“clumping”) may be the main cause for this
discrepancy. To estimate more reliable mass-
-loss rates of massive, hot stars we developed
a Monte Carlo radiative transfer code with
a full 3-D description of clumping (Surlan et
al., 2012, Astronomy and Astrophysics 541,
A37), and investigated how the properties of
clumping affect the derived mass-loss rates.
Combining optical observations with the On-
drejov 2-m Perek telescope, satellite ultravio-
let observations, and highly sophisticated 3-D
radiative transfer calculations showed that
wind clumping resolves the previously repor-
ted discrepancy between H and P v mass loss
diagnostics. There is no need to artificially re-

Fig. 6 — Artistic impression of a white dwarf
with its size compared to the Earth.

duce the mass-loss rates, nor to assume a sub-
-solar phosphorus abundance or an extremely
high clumping factor. These results contribute
to a better determination of the mass-loss ra-
tes of massive, hot stars (§urlan et al., 2013,
Astronomy & Astrophysics 559,A130).

We continued our spectroscopic investi-
gation of high-proper motion white dwarfs
(Fig. 6) that were selected from the New
Luyten Two Tenths (NLTT) catalogue. Our
work included the spectropolarimetric sur-
vey of cool white dwarfs using the FORS

CREDIT: ESA, NASA

spectrograph attached to the VLT at the Eu-
ropean Southern Observatory (ESO). This
led to the discovery of a number of new
magnetic white dwarfs, including the first
close double degenerate system comprised
of a magnetic white dwarf and a non-mag-
netic white dwarf companion offering clues
for the origin of magnetic fields in compact
objects (Kawka & Vennes 2012, MNRAS, 425,
1394).

Our spectroscopic survey also revealed
several new polluted hydrogen-rich (DAZ)
white dwarfs (Kawka & Vennes 2011, A&A,
532,A7;Kawka &Vennes, 2012,A&A,538,A13;
Vennes & Kawka 2013, ApJ, 779, 70), which
were targets for follow-up observations with
the X-shooter spectrograph attach to the
VLT at the ESO. These high signal-to-noise
and high-resolution spectra enabled us to
study the white dwarf atmospheric parame-
ters including detailed abundance patterns.
These stars participated in the demise of
planetary systems, and studies of their abun-
dance patterns enable us to determine the
accretion source (planet, comet, asteroid).
Our studies of these cool DAZ white dwarfs
have shown that a higher incidence of mag-
netism is present in this class of objects when
compared to the general population of whi-
te dwarfs (Kawka & Vennes, 2014, MNRAS,
439, L90).This higher incidence suggests that
planets/asteroids orbiting the progenitor star
of the white dwarf plays a role in the forma-
tion of magnetic fields in white dwarf stars.
Our X-shooter observations also uncovered
a double degenerate system that includes
the first carbon-polluted (DQ) white dwarf
showing traces of nitrogen (Vennes & Kaw-
ka 2012, ApJ Letters, 745, L12;Vennes et. al.,
2012, Ap) Letters, 756, L5). The discovery of
such a system is important to our understan-
ding of the phases of evolution, during the
red giant stage and beyond.

We have also conducted a survey of ul-
tra-violet bright objects selected from the
Galaxy Evolution Explorer (GALEX) all-
-sky survey (Vennes, Kawka, Nemeth, 201,
MNRAS, 410, 2095). This resulted in the
discovery of several bright hot subdwarfs



suitable for detailed follow-up studies and
of the rare oxygen-polluted white dwarf
GALEX J1931+0117 (Vennes, Kawka & Ne-
meth 2010, MNRAS, 404, L40; Vennes, Ka-
wka & Nemeth, 201 I, MNRAS, 413, 2545).
The hot subdwarfs (sdB, sdO) were ana-
lysed for their atmospheric parameters
(effective temperature, surface gravity, he-
lium abundance: Nemeth, Kawka, Vennes,
2012, MNRAS, 427, 2180). Since binarity is
instrumental in the formation of hot subd-
warf stars many of our stars were targeted
for radial velocity measurements. Our radial
velocity survey resulted in a binary fraction
of about 40% (Kawka et al., 2015, MNRAS,
450, 3514). This survey also enabled us to
discover the shortest period sdB plus white
dwarf binary which a prime candidate pro-
genitor for a Type la supernova (Vennes et
al., 2012, ApJ, 759, L25).

All detailed analyses of the white dwarfs
and hot subdwarfs were performed using
our own state-of-the-art model atmosphere
codes.

Group of operation and develop-
ment of Perek 2-m telescope

“Perek 2-m telescope is a national facility for
Czech astronomers. It is named dfter the astro-
nomer Lubos Perek, born in 1919, who super-
vised the construction of the telescope and was
leading the stellar department in the first years.
The diameter of the primary mirror is 2-m and
it was the ninth largest telescope in the world in
1967 when the telescope was inaugurated. The
telescope is used for stellar spectroscopy and
operates in the coude focus where the effective
focal length is 64m with the effective focal ratio
1:32.” — Miroslav Slechta, head of the group.

Personnel

The working group is headed by M. Slechta.
Staff: L. Kotkova, ). Fuchs, J. Sloup, L. Rezba,
J. Honsa, M.Tlamicha.

About the telescope

The 2-m Perek telescope is the principal
instrument of the stellar department. It is
primarily used for the medium dispersion

spectroscopy. Our spectrographs are in-
stalled in coude focus — effective focal length
63.5m.

Mostly, we use a single order slit spectro-
graph. It operates in the first and second
spectral orders. In the first order the indivi-
dual spectrum covers approximately 470 an-

The Perek 2-m telescope is the primary
instrument in the Ondrejov observatory.

T TR T ]

Example of the web-application (by Lenka
Kotkovd) for the support of astronomer.
Upper left: characteristics of the star. Upper
right: altitude of the star (grey are — astronomi-
cal night, white area — astronomical day).
Lower left: field of view of the finding telescope
(16 arc min in diameter). Lower right: position
of the star on the sky (small white circle).
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gstroms and is available in interval from about
5000 up to 9000 angstroms. The second or-
der is available in interval approximately 3700
up to 5000 angstroms.The resolving power is
about 13000 around H-alpha.

Another available instrument is the echelle
spectrograph OES (Ondrejov Echelle Spectro-
graph). The dispersion elements are grating
and prism. It is used in range about 4000 up to
8000 angstroms.The resolving power is 55000
around H-alpha and depicts |12 angstroms in
the order of H-alpha.

S

We provide some useful support to im-
prove comfort of the observation: meteoro-
logical station (air pressure, triple point, wind
— speed and direction — rainfall, etc.). Also the
cloud cover is monitored using the full-sky
fish eye camera.An automatic warning is sent
when the humidity exceeds the limit value of
90%.The astronomer can plan the observing
strategy using an extensive database of ob-
served stars. The database automatically dis-
plays the position of the target on the sky,
the current altitude (indicating whether the

4

The group of High Energy Astrophysics (2015): From left:V. Simon, J. Strobl,
V. Hudcovd, M. Jelinek, R. Hudec.

About the team

The team is responsible for the reliable ope-
ration of the Perek telescope. All supporting
tools are optimized so as to satisfy the re-
quests of astronomers. These tools are en-

tirely prepared by the local working group.

Lenka Kotkova prepared the database of mo-
nitored objects and their visibility, list of raw
and reduced spectra, etc. Jan Fuchs prepared
the observational user-interface for local and
remote control of the telescope.The electric
and/or electronic tools are controlled by Jan
Fuchs and Lud&k Rezba.

target is currently accessible for the telesco-
pe) and also its altitude for the following 24
hours (to help plan the observing strategy),
list of reduced spectra of the target and a lot
of other useful information about the selec-
ted target.

Remote observing is available to astrono-
mers. For security reasons, our IT expert (Jan
Fuchs) has to give the astronomer’s compu-
ter (i.e., individual IP address) permission to
access the telescope/instrument computers.
During the night only one IP address (i.e. only
one ,,outside” computer) can access the ob-
servational interface.This permission is auto-



matically canceled the next day at noon UT.
Of course, the remote astronomer also has
all of the support data (meteorological sta-
tion, slit camera and full-sky camera) at the
disposal. For the remote control permissi-
on, the astronomer is required to know the
telescope and has to spend some nights in
Ondrejov personally.

Reconstruction and service works

The technical team realized and organized
several significant service works or upgrades
in the last years.These include:

— driving electronics of the 2 m Perek teles-
cope (2007),

— driving electronics of the spectrograph
(2010),

— New CCD chip EEV 42-10 BX — Pylon Ex-
celon 2048x512 and the new driving user
interface developed by Jan Fuchs (2013),

— service works on the dome shutter (2012)

— service of the mechanism of the opening/
closing the shutter,

— service works on the 24 trucks of the dome
(2014-) - step by step service of trucks on
which the dome moves.

Group of High Energy Astrophysics
“High-energy astrophysics (HEA) is a perspecti-
ve science branch and represents a modern and

rapidly developing area of recent astrophysics
which requires specific approaches. The HEA
group in the Institute participates in space pro-
jects based on extended international collabora-
tions. The related publication activity is on a high
level and includes publications in journals with an
impact factor.The scientific activity and output of
the HEA group is internationally recognized with
numerous collaborations and presentations in in-
ternational conferences. The group, founded in
1990, is recently small but has numerous exter-
nal collaborators and students.” — René Hudec,
head of the group.

Personnel

The working group is headed by R. Hudec.
Staff: V. Simon, |. Strobl, C. Polasek, V. Hud-
cova. Several PhD students have been part of
the group as well.

Research

The main research fields of the HEA group
are: the study of gamma-ray bursts (GRBs),
search for GRB optical counterparts, investi-
gations of activity of celestial X-ray and gam-
ma-ray sources, multispectral analyses, design
and development of space and ground based
instruments (robotic telescopes). Part of
this research is investigation of afterglows of
GRBs. The study concentrates on the analy-

Fig. 7 — Artistic impression of the NASA’s mission SWIFT observing strong X-ray burst.

CREDIT: NASA
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sis of the comprehensive properties of these
events, the observed relation of the afterglow
and the underlying supernova, and the impli-
cations for the environment in their host ga-
laxies. The team made population studies of
optical afterglows and obtained thus direct
information about the environment of these
GRBs.These studies also enabled to separate
the contribution of synchrotron emission of
a relativistic jet and thermal emission of the
underlying supernova using commonly availa-
ble observing methods.

The HEA group also studies the long-term
activity of the astrophysical high-energy sour-
ces located in our Galaxy. It concentrates on
the systems that contain a mass-accreting
compact object like low-mass X-ray binari-
es, cataclysmic variables and supersoft X-ray
sources.The research of the HEA group con-
centrates on the analysis of the long-term
activity in the X-ray and optical regions.The
team also investigates the dependence of the
observed characteristics of these objects
(and their activity) and their physical parame-

ters. For investigating the activity in the X-ray
band, this HEA group mainly uses data pro-
vided by the monitors on board satellites (in
particular NASA RXTE and Swift — see Fig.
7).The group conducts time series analysis of
the long-term variations and investigates the
X-ray hardness ratios in various X-ray bands.
It provides interpretations of the activity and
the responsible physical mechanisms. It analy-
ses the X-ray observations of the long-term
activity of the X-ray transients and persistent
X-ray sources, for example the neutron-star
system KS 1731-260 which underwent pe-
culiar repetitive changes of its accretion disk
during transition from its very long main out-
burst (Simon, 2010, Astronomy & Astrophy-
sics, 513, A71). This study enabled to place
this activity in the context of the systems
with the mass accreting compact object.
These analyses also show the importance of
monitoring of the sky in the X-ray region.
Our specialty recognized worldwide is the
study of archival photographic images, both
direct and spectral, and we participate active-

The 0,25-m BART telescope of the GLORIA project located in one of the domes of the Institute.



ly in the rescue of valuable old observations
stored in the archives of various observato-
ries on glass photographic plates and negati-
ves.We use these archival data to monitor the
long-term behaviour of high-energy radiation
sources and can thus follow and interpret
their physical nature.This enables us to study
the activity of such sources on very long time
scales (at least several decades back to the
past; e.g. Simon, 2014, New Astronomy, 33,
44 pp., and Hudec, 201 |, Astronomical Plate
Archives and Binary Blazars Studies, Journal
of Astrophysics and Astronomy, Volume 32,
id. 91).These analyses also confirm the scien-
tific importance of astronomical plate archi-
ves for astrophysics. They enable us to study
the evolution of astrophysical objects during
very extended time segments, in some cases
even of the order of 100 years. Since many
such optical counterparts display very strong
activity which even undergoes large changes
of its properties with time, such archival pla-
tes prove to yield very important informati-
on about the past activity which cannot be
obtained by any other means.The new, befo-
re unknow, 1910 giant flare of supermassive
BH candidate O)287 found and investigated
by us on HCO archival plates can serve as
an example (Hudec et al, 2013, Astronomy
and Astrophysics, Volume 559, id.A20). This
research field is perspective because moni-
toring of a large sample of high-energy sys-
tems is needed to shed more light on the
parameters of the state transitions (including
the relation of these events to the state of
the long-term activity) both of a given object
and a group. The investigations included low
dispersive spectral plates as well, which pro-
ved to serve as excellent tool for ESA Gaia
satellite studies and simulations (Hudec and
Hudec, 2011, Journal of Physics CS, Volume
328, id.012018).

The HEA group built and operates its
own two robotic telescopes (D 0.5-m teles-
cope, D50, and a D 0.25-m called BART),
both with CCD detectors (e.g. Nekola,
Hudec, Jelinek et al, 2010, Experimen-
tal Astronomy, Volume 28, id.79).They are
used for photometry of optical emission
of high-energy radiation sources, with em-

phasis on rapid follow up of celestial GRBs,
specifically the observations of early phases
of their optical afterglows in collaboration
with the NASA satellite Swift. In this fra-
mework, it obtained CCD observations
of the afterglow of GRB 090726 and pro-

.

D50 Ondrejov robotic telescope has been
included within the GLORIA network

vided a physical interpretation (Simon et
al., 2010, Astronomy & Astrophysics, 510,
id.A49). This analysis also proved the effi-
ciency of this ground-based segment of
satellite observing. The HEA group par-
ticipated in a large international collabo-
ration that provided observations of the
afterglow of the unique gamma-ray source
SWIFT J1955+2614 by a large network of
ground-based monitoring telescopes and
a very deep image of the quiescent sour-
ce after the outburst using a D 10-m Spa-
nish telescope (Simon et al., 2012, MNRAS,
422/2, 981).The group also participates in
interpreting the data. This included a discu-
ssion of the emission mechanisms and si-
milarities between synchrotron emission of
J1955, proved to be located in our Galaxy,
and the optical afterglows of the extraga-
lactic gamma-ray bursts. The HEA group

/ 45



/ 46

also analysed the data from the instrument
UVOT onboard the NASA satellite Swift for
investigating the optical afterglow of GRB
060218 (Simon et al.,2010,Astronomy & As-
trophysics, 523, id.A56). This team investiga-
ted the time evolution of this afterglow, and
searched for the common properties of this
unique event and other long GRBs. Nowa-
days; both robotic telescopes are included
in the first worldwide network of robotic
telescopes with free access, developed with
our participation (EU project GLORIA).

Besides observing optical afterglows of
GRBs, the D50 instrument observes optical
emission of selected high-energy sources. It
is able to obtain series of images, which can
be repeated for many nights and investigate
the phenomena of the long-term activity of
such sources. The group analyses these data
and provides their physical interpretation.
For example, it studied the activity of the
cataclysmic variable V795 Her and showed
how the tidal force is important in affecting
the thermal-viscous instability of the accreti-
on disk (Simon et al., 2012, Astronomy & As-
trophysics, 2012, 540, A15). This study has a
general importance because it shows that the
tidal heating like the one operating in V795
Her can also largely influence the state of
the accretion disks in other systems (the so-
-called permanent superhumpers).

In this research, the HEA group has very
rich experience in international cooperation,
and collaborates e.g. with teams at the Dr.
Remeis Bamberg Observatory of Erlangen
University, Wurzburg University, Pennsylva-
nia State University, IAA Granada, University
College Dublin, MPE Garching, NASA GSFC,
NASA MSFC, ESA, INAF Roma, INAF Bolo-
gna, University of Boulder, Colorado, USNO
Flagstaff AZ, University of Utah Logan, So-
nneberg Observatory, Hamburg Observato-
ry, and many others. Also collaboration with
Czech Institutions is extensive (Czech Tech-
nical University in Prague, Institute of Che-
mical technology, etc.). The HEA group uses
data e.g. from satellites INTEGRAL, Swift,
Fermi, RHESSI, RXTE, and simultaneously
acquires data from optical telescopes, and so

it can study the high-energy objects in a wide
range of wavelengths. It also participates in
the design and development of new innova-
tive space experiments with an emphasis on
X-ray optics, telescopes, and monitors, and
participates in proposals for new space mi-
ssions in the X- and gamma-ray astrophysics
such as ATHENA, LOFT, THESEUS, LOBSTER
etc. (e.g. Hudec, R. et al.: Czech Contributi-
on to LOFT, Acta Polytechnica, Volume 53,
id.30 (2013). The group regularly organi-
zes international conferences and workshops
(AXRO, ASTROPLATE and IBWS), and par-
ticipates in the organization of large inter-
national conferences such as SPIE Europe,
Frascati workshop on Multispectral behavi-
our of cosmic high-energy sources, and in-
ternational conferences on Frontier objects
in astrophysics.

Published Principal Results

We present abstract of the most interesting
results of the last two years.

Probing the ejecta of evolved massive stars
in transition. A VLTISINFONI K-band survey
M. E. Oksala, M. Kraus, L. S. Cidale, M. F. Mu-
ratore, M. Borges Fernandes

Astronomy & Astrophysics, 201 3,Volume 558,
id.Al17,20 pp.

Massive evolved stars in transition phases,
such as luminous blue variables (LBVs), B[e]
supergiants (B[e]SGs), and yellow hypergiants
(YHGs), are not well understood, and yet cru-
cial steps in determining accurate stellar and
galactic evolution models. The circumstellar
environments of these stars reveal their mass-
-loss history, identifying clues to both their
individual evolutionary status and the conne-
ction between objects of different phases.
Here we present a survey of 25 such evolved
massive stars (16 B[e]SGs, 6 LBVs,2YHGs, and
| Peculiar Oe star), observed in the K-band
with the Spectrograph for INtegral Field Ob-
servation in the Near-Infrared (SINFONI; R =
4500) on the ESOVLT UT4 8 m telescope.The
sample can be split into two categories based
on spectral morphology: one group includes
all of the B[e]SGs, the Peculiar Oe star, and



two of the LBVs, while the other includes the
YHGs and the rest of the LBVs. The differen-
ce in LBV spectral appearance is due to some
objects being in a quiescent phase and some

objects being in an active or outburst phase.

CO emission features are found in 13 of our
targets, with first time detections for MWC
137, LHA 120-S 35, and LHA [15-S 65. From
model fits to the CO band heads, the emitting
regions appear to be detached from the ste-
llar surface. Each star with '2CO features also
shows *CO emission, signaling an evolved na-
ture. Based on the level of 3C enrichment, we
conclude that many of the B[e]SGs are likely
in a pre-Red Supergiant phase of their evolu-
tion. There appears to be a lower luminosity
limit of log L/L, ;= 5.0 below which CO is
not detected. The lack of CO features in se-
veral high luminosity B[e]SGs and variability in
others suggests that they may in fact be LBV
candidates, strengthening the connection be-

tween these two very similar transition phases.

New binaries among UV-selected, hot sub-
dwarf stars and population properties
A. Kawka, S. Vennes, S. O‘Toole, P. Nemeth,
D. Burton, E. Kotze, D.A. H. Buckley
MNRAS, 2015, 435, pp. 3514-3548

Hot subdwarf stars are core helium bur-
ning stars with thin hydrogen envelopes, and
their common origin is closely linked to bi-
narity. Using several telescopes from around
the world, including ESO facilities, we have
conducted a survey of 38 objects and mea-
sured the orbital parameters of seven new
close binaries comprising a hot subdwarf pri-
mary and with orbital periods ranging from
0.17 to 3 days. Combining our results with
those of other such surveys we have con-
ducted a population study showing that the
secondary mass distribution is dual peaked
with the lower mass peak represented by
cool low mass main-sequence stars and the
higher mass peak being comprised of white
dwarf stars.

Wide-angle view in the upper deck of the dome with Perek 2-m telescope, the largest instrument
of the Ondrejov observatory. Credit: Petr Hordlek.
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Head scientist — P. Spurny. Deputy -
P. Pravec.

Secretary: H. Zichova,

Phone: (+420) 323 620 160,

E-mail: hana.zichova@asu.cas.cz

“Attention of the department is devoted to
the study of the interactions of interplanetary
bodies of different sizes with the Earth’s at-
mosphere and on physical studies of asteroids
in the Solar system.The Department consists
of two working groups: The Group of Me-
teor Physics and the Asteroid Group.” — Pavel
Spurny, head of the Department of Inter-
planetary Matter.

Meteor Physics Group

“The Group of Meteor Physics observes mete-
ors in the optical region, analyses observed data
by own methods and procedures (continuously
improved) and performs theoretical interpretati-
ons of the observations. The basic observational
system is the European Fireball Network (EN)
which was established in former Czechoslovakia
in 1963 and it is the longest continuously ope-
rational fireball network on the world. Faint me-
teors are observed by video techniques.” — Jir
Borovicka, head of the group.

Personnel

The working group was headed by J. Boro-
vi¢ka. Research fellows: D. Capek, P. Koten,
P. Pecina, P. Spurny, R. Stork, L. Shrbeny,
V. Vojacek. Assistants: ). Bocek, Z. Karas,
J. Keclikova, L. Koprivova, L. Smolikova,
J. Stary, H. Zichova.

Ondrejov is the center of the European
Fireball Network and all its activity is coor-
dinated by our group.As of the end of 2014,
the network consists of || stations in Czech
Republic, 14 stations in Germany and 2 in
Slovakia and Austria. In scope of this expe-
riment we closely cooperate with colleagu-
es from Comenius University in Bratislava
operating 4 video all-sky systems in Slova-
kia and with several amateur groups active
in the Netherlands, Poland, Slovenia, Croatia,
Austria and Hungary.All Czech stations have
been equipped with sophisticated instru-
ments for optical observation of fireballs, the
Autonomous Fireball Observatory (AFO)
and, in the last three years, also the Digital
Autonomous Fireball Observatory (DAFO).
We significantly participated on development
of these modern and fully automated instru-
ments. They significantly increased efficiency

Department of Interplanetary Matter. From left to right: R. Stork, P. Pecina, P. Koten, P. Pravec,
H. Zichovd, D. Capek, L. Smolikovd, P. Kusnirdk, V.Vojdcek, K. Hornoch, J. Keclikovd, J. Bocek,
J. Stary, J. Borovicka, P. Spurny, L. Shrbeny.
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Meteor Physics Group. From left to right: D. Capek, |. Bocek, P. Koten, J. Borovicka, P. Pecina,
H. Zichovd, L. Smolikovd, J. Stary, P. Spurny,V.Vojdcek, R. Stork, J. Keclikovd, L. Shrbeny.

of our observations and complexness and
precision of the acquired data. Fireball spect-
ra are simultaneously photographed at the
Ondrejov Observatory.

“We also participate in the project of the
Desert Fireball Network (DFN) in Australia
equipped with AFO. Sensitive television ca-
meras are used in the double station video
observation program for observation of faint
meteors and their spectra during the activity of
interesting meteor showers. Similarly as in the
case of fireball cameras we started moderniza-
tion of the video observations of meteors. We
developed new automatic video cameras MAIA
(Meteor Automatic Imager and Analyzer). The
cameras are located on two sites separated by
90 km (Ondrejov and Kunzak) and regularly
carry out automatic double station observati-
ons. The observational data are used to study
physical processes during the penetration of
meteoroids into planetary atmospheres, inclu-
ding ablation, deceleration, radiation, and me-
teoroid fragmentation. The physical properties
and chemical composition of different types
of meteoroids, their origin and distribution in
the solar system and their relation to comets,
asteroids and meteorites are being determi-

ned. Theoretical calculations of the processes
dffecting meteoroids in interplanetary space
(thermal destruction, changes of rotation) are
also being performed.” — Pavel Spurny, the re-
searcher of the group.

The Group of Meteor Physics is a world-
-leading group in observations of bright bo-
lides and interpretation of bolide data. In the
recent years, we specialized on the instru-
mentally observed meteorite falls. The scien-
tific value of the data increases when both
bolide and the corresponding meteorites
can be analyzed.The number of instrumenta-
lly observed meteorite falls rapidly increased
in the recent years thanks also to our ob-
servations and/or computations.

Research Results

Using improved methods Spurny, Haloda,
Borovi¢ka et al. (2014, Astronomy & Astro-
physics 570, A39) performed a new analysis
of the Benesov bolide of May 7, 1991 (Fig. I).
A revised atmospheric trajectory and a new
impact location were obtained. This allowed
us to recover four highly-weathered meteo-
rites with a total mass of | 2g exactly in the pre-
dicted area. For the first time a meteorite was



found so long (20 years) after the bolide ob-
servation. Even more interestingly, the mete-
orites contain three different mineralogical
types.The BeneSov meteoroid and its parent
asteroid were thus significantly heterogene-
ous.

The Ondrejov team did the most impor-
tant part of this work. All records which we

Fig. I — Projection of the terminal part of the
atmospheric trajectory of the BenesSov bolide,
dark flight and corresponding impact area for
small meteorites originated in the main flare,
and BeneSov meteorites found in 201 |.

analyzed were taken by our cameras. We
also did all measurements and computations
which led to the revised atmospheric trajec-
tory and determination of the new impact
location.

Another interesting bolide brought me-
teorite in Slovakia and had been analyzed
by Borovicka et al. (2013, Meteoritics and
Planetary Science, 48, 1757-1779). The Ko-
Sice meteorite fall occurred in Slovakia on
February 28, 2010. Bad weather prevented
direct imaging of the fireball by dedicated
meteor cameras. Fortunately, three surve-
illance video cameras in Hungary recorded,
at least partly, the event. These records
allowed us to reconstruct the trajectory
and velocity of the fireball and recover the
meteorites. In addition, the fireball light cu-
rve was recorded by camera radiometers
through the clouds. New method of mode-
ling atmospheric fragmentation of bolides
was also described and applied to the Ko-
Sice fall. Ve took into account macroscopic
fragments as well as dust formed during the

fragmentation. The dust was allowed to be
released either immediately or gradually.
Most of the KoSice meteoroid was found
to be quite weak in comparison with other
ordinary chondrites. The orbit was charac-
terized by large aphelion distance, almost
approaching the orbit of Jupiter.

Probably the most discussed event in the
decade, meteorite fall over Chelyabinsk, Ru-
ssia, on 15 February 2013 (Fig. 2), had been
analyzed and studied by Borovicka, Spurny et
al. (2013, Nature, 503, 235-237). The impact
of an asteroid near Chelyabinsk, Russia, in
February 2013 was the largest collision with
cosmic body since 1908. It caused significant
damage and worldwide attention. In the work
the atmospheric trajectory and velocity was
determined from casual video records.Atmo-
spheric fragmentation was described in detail
with inferences about the internal structure
of the body. Heliocentric orbit was determi-
ned and it was suggested that the impactor
originated from larger asteroid 86039.

Fig. 2 —Video frame of the Chelyabinsk
bolide and its trail taken by A. Ivanov
in Kamensk-Uralskyi with height marks
added according to our trajectory computation
(heights above sea level in km).

The most important part was the de-
termination of trajectory and velocity from
non-scientific records.That work was done
entirely by our team. The method was in-
vented here, the software was prepared
and the measurements were done. Our
team computed the fragmentation, the in-
terpretation of the atmospheric behavior
and the properties and landing points of
individual fragments.
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A very bright Perseid fireball on 12* Au-
gust 2012, recorded by different instruments
operated by Ondrejov team and photogra-
pher Horalek, had been analyzed by Spurny
et al. (2014, Astronomy & Astrophysics, A64,
6 pp.). This is the highest meteor ever ob-
served that does not belong to the Leonid
shower. Its atmospheric trajectory and or-
bit belong to the most precise and reliable
ever obtained for Perseid meteor. Its video
spectrum is the highest spectrum of a mete-
or ever obtained. For the first time we pro-
ved that only atmospheric emissions of O,
N and N2 were present above 130 km.This
work was done entirely by the team.

“Studies of meteor showers is one of our
main programs too.We regularly observe annual
meteor showers with video techniques.The pupo-
se is not only to infer the activity profile but al-
so to study physical properties and spectra of me-
teoroid from various parent bodies or to search
for possible new showers.” — Pavel Koten, the
researcher of the group.

The fireball networks provide data on
large shower meteoroids and occasionally
capture unexpected activity of some sho-
wers, as was the case of September Epsilon
Perseids in 2013 and Kappa Cygnids in 2014.
In some cases the video and photographic
data can be combined leading to very com-
plex analyses of individual fireballs (see the
Perseid with exceptional beginning height
above 170 km).

We studied the possible meteoroid stre-
am associated with the Pribram and Neu-
schwanstein meteorites (Koten et al., 2014,
Icarus. vol. 239, pp. 244-252). The trajec-
tories and orbits of video meteors were
analysed to determine whether such st-
ream may contain also small particles. An
orbital evolution model was applied on
cloned particles to investigate possible co-
nnection. It was tested if such small sample
of the orbits is similar by chance or if the
stream is real. We found that is impossible
to prove the existence of faint meteor sho-
wer connected with the stream.This work
represents cooperation between Czech
and French astronomers and connection

of both experimental and theoretical app-
roaches in study of the meteor showers.
All the experimental data were obtained
within the double-station observational
program in the Czech Republic. The data
were analyzed using the tools of the Czech
part of the team.The French scientists con-
tributed with the modeling of the orbital
evolution of the meteoroids, since they are
experts in this field of meteor astronomy.

A Draconid meteor shower outburst in
2011 was observed from on board two sci-
entific aircraft deployed above Northern
Europe on 8th October 2011. The activity
profile was measured using a set of photo-
graphic and video cameras. The results show
(Koten et al., 2014, Earth, Moon and Plane-
ts, vol. 112, p. 15-31), that the main peak of
the activity occurred around 20:15 + 0:0.5
UT which is consistent with the model pre-
diction. The corrected hourly rates reached
a value of almost 350. The brighter meteors
peaked about 15-20 min earlier than the dim-
mer ones. This difference can be explained by
different directions of the ejection of the me-
teoroids from the parent comet. One of the
instruments was even able to detect meteors
connected with the material ejected from the
parent comet before 1900 and thus confir-
med the prediction of the model, although it
was based on uncertain pre-1900 cometary
data.Another small peak of the activity, which
was caused by material ejected during the
1926 perihelion passage of the parent comet,
was detected around 21:10 UT. The mass dis-
tribution index determined using the narrow
field-of-view video camera was 2.0 £ 0.1.This
work shows that the observation of meteor
outbursts can constrain the orbital elements,
outgassing activity and existence of jets at the
surface of a comet.

The structure of small cometary meteo-
roids and the process of their ablation in the
atmosphere are still not well understood.
Borovicka etal.(2014,Earth,Moon,and Planets,
Volume 113, p. 15-31) analyzed complex data
on 8 Draconid meteors, which represent
the most fragile meteoroids known.We have
combined spectroscopy (Fig. 3), photometry,



dynamics and morphology of the meteors to
study the properties of | — 3 cm sized me-
teoroids. Some meteors had smooth and flat
light curves without any flares, high decele-
rations, and the release of most sodium in
the first half of their trajectories. All these
features can be explained by the complete
and quick disintegration of the meteoroids
into small grains. Other meteors had low
deceleration, exhibited flares at relative-
ly low heights 84-83 km and sodium was
present along the whole trajectories. Our
analysis suggests that their bulk density
was similar to the meteoroids of the pre-
vious group and their fragmentation started
at similar heights. The main difference was
that the grain release was much slower and
not from the whole body. This work, which
was done entirely by our team, demonstra-
ted that various textures with various resi-
stances to atmospheric fragmentation exist
among Draconid meteoroids and even wi-
thin single meteoroids.

The rotation of meteoroids after the
ejection from comets has not been studied
until Capek started to work on that (2014,
A&A 568,A39). He developed a sophisticated
numerical model that describes the rotati-
on of irregularly shaped meteoroids due to
action of a gas escaping from the nucleus
of a parent comet. Meteoroid shapes were
approximated by digitized shapes derived
from distinct sets of different terrestrial rock
samples. Simple relationship was derived for
median of spin frequencies f (Hz) as a fun-
ction of meteoroid size D (m) and ejection
velocity v, (ms') as f = (2-5)x10? Vg D08,
The dependence of the median of spin fre-
quencies on meteoroid density and on the
physical properties of cometary nucleus is
hidden in the value of v_.The distribution
of spin frequencies is roughly normal on the
log scale. It is relatively wide with more than
95% of values inside the interval (0.1, 10) ti-
mes f Most of meteoroids are non-principal
axis rotators. The median of mean angle be-
tween angular momentum vector and spin
axes is approximately 12°. Angular momen-
tum vectors are not distributed randomly in

space, but are concentrated it the perpendi-
cular directions with respect to the gas flow.

Borovicka was invited to be lead author
of a chapter in the book Asteroids IV of the
University of Arizona Press (2015, arXiv:
1502.03307) by the editors. He selected Spur-
ny and Brown from Canada as co-authors.The
chapter is a review of the current knowledge
of properties of small (I — 20 m) asteroids
based on the observation of fireballs and, in
particular, the instrumentally observed me-
teorite falls. The observation techniques and
methods of data analysis are also reviewed.

Fig. 3 —The spectrum of one of the studied

Draconid meteors (co-added video frames)

showing clearly the shift of the Na emission
to higher altitudes.

Most of the chapter was written by our team
members. P. Brown contributed some special
techniques (infrasound), described some indi-
vidual events (carbonaceous meteorite falls,
Carancas) and the influx section.

Asteroids Group

“The Asteroids group focuses on physical studies
of asteroids in the Solar system. We study non-
-gravitational processes in small asteroids, binary
systems and paired asteroids, and asteroids in
excited (non-principal) rotation states. We also
observe so-called Near-Earth Asteroids (NEAs)
and their source regions. NEAs are a part of the
asteroid population that represents an impact ha-
zard for the Earth. Precise astrometry allows
to determine the orbits of NEAs and therefore
to calculate their potential risk for the Earth.
There is a number of observatories across the
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world which collaborate with us on the project.
Our two main observational instruments are
the 1.54-m Danish telescopes at the European
Southern Observatory, La Silla, Chile which we
use since 2012 and the 0.65-m telescope at On-
drejov. The observations on the |.5-m telescope
at La Silla are run within our collaborative project
with the Danish colleagues at the Niels Bohr In-
stitute, Copenhagen University. The collaboration
with the other observatories across the world pro-
vides us with data from a number of their instru-
ments that allow us to get a substantially more
thorough understanding of the studied objects.” —
Petr Pravec, head of the group.

Personnel

The working group was headed by P. Pra-
vec. Research fellows: P. Scheirich, A. Galdd,
T. Henych. Assistants: P. Kusnirdk, K. Hor-
noch.

Research results

We studied absolute magnitudes and albedos
of asteroids (Pravec et al., 2012, Icarus 221,
365-387). Two of the key physical quantities
of asteroids are their absolute magnitudes
and albedos and their knowledge is needed
in about any study of asteroids (see Fig. 4).
Thus we analyzed our precise photomet-
ric observations that we obtained for 583
main-belt and near-Earth asteroids with the
Ondrejov 0.65-m and the Table Mountain

Asteroids Group. From left to right: P. Scheirich,
T. Henych, K. Hornoch, P. Pravec, P. Ku$nirdk,
A. Galdd.

Observatory 0.6-m telescope since 1978
to 201 I. With our precise data, we studied
an accuracy of asteroidal absolute magnitu-
des published in the catalogs MPCORB,
AstDyS and JPL Horizons.We found that the
data in the catalogs are systematically bia-
sed for asteroids with absolute magnitudes
H > 10 (corresponding to asteroid diameter
D < 30 km), and especially above H ~ |2
(D < 10 km). As a result of the catalog data
bias, asteroid albedos derived from thermal
infrared observations made by the Wide-
-field Infrared Survey Explorer (WISE) spa-
cecraft were severely biased; for small as-
teroids, the WISE albedos were overesti-
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Fig. 4 — Asteroids of different compositions have different albedos. The primitive types
(C and similar) are dark, scattering only about 6% of incoming sunlight, but the diferentiated
(rocky; S and similar types) asteroids are lighter with geometric albedos about 0.20.



mated by as much as 50% on average. We
derived corrected albedos for the asteroids
in our sample and we found that a trend of
the mean WISE albedo estimates increasing

and from collaborating stations in Europe,
North and South America and Australia. We
derived parameters of the binary asteroids.
We found that the binary orbits are not
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Fig. 5 — Poles of binary asteroids concentrate around both the North and South Pole of the ecliptic.
This anisotropy is explained as a result of the spin axis evolution under the influence
of the non-gravitational thermal effect called YORP.

with asteroid size decreasing from D ~ 30
down to ~5 km for S-type asteroids found
by Mainzer et al. (2011) was largely due to
the systematic bias in the MPCORB absolu-
te magnitudes that they used. We showed
that albedos of S-type asteroids actually do
not change with asteroid size, and we de-
rived the unbiased mean albedos for S/A/L
and C/G/B/F/P/D asteroids. These results
are important for many fields of studies of
asteroids, and for our studies of asteroid
evolutionary processes in particular, as our
accurate, non-biased data are needed for co-
rrect physical interpretations.

We also studied 18 binary asteroids,
that we discovered during 2005-201 I, espe-
cially their properties and constraints on
evolutionary processes (Pravec et al., 2012,
Icarus, 218, 125-143).We used the technique
of time-resolved photometry.The data were
taken with the Ondrejov 0.65-m telescope

oriented randomly. We analyzed the data
including simulations of observational se-
lection effects and we found that the binary
orbital poles concentrate within 30 deg from
the poles of the ecliptic. We proposed two
explanations for the concentration, both be-
ing due to an action of the thermal YORP
effect on asteroids. The effect is a result of
the torque of infrared photons emitted from
asteroid’s irregular surface. This effect, besi-
des spinning up the asteroid up to the critical
frequency, also moves its pole to the up- or
downright position. The findings extend our
knowledge on how the YORP effect acts on
asteroids (see Fig. 5). This non-catastrophic
evolutionary mechanism is a key process
that re-shapes the asteroid population.

The Ondrejov team took a part of the
photometric observations of the asteroid
binaries and we collected observations ta-
ken from several collaborating stations in
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the world. We modeled the data and de-
rived parameters of the binary systems. We
run simulations of the photometric survey,
described observational biases present in
the data and derived the distribution of or-
bital poles of the asteroid systems.

Henych & Pravec continued in the study
of the effects of subcatastrophic impacts
of small asteroids (2013, MNRAS, 432, p.
1623-1631). They simulated collisions be-
tween asteroids of various physical and ma-
terial parameters. They found that tumbling
is photometrically detectable for the rota-
tional axis misalignment angle B =15 deg.
They also found that subcatastrophic colli-
sions are a plausible cause of non-principal
axis rotation for small slowly rotating as-
teroids. The determining parameter is the
ratio of the projectile orbital angular mo-

of its orbit and refining its impact probabi-
lity estimate. We measured (Pravec et al,
2014, Icarus, 233, 48-60) it extensively with
the |.54-m telescope at La Silla observatory
and a few collaborating stations. VVe ana-
lyzed the obtained data and we found that
the asteroid is in a state of non-principal
axis rotation (i.e., free precession, also called
tumbling). Our results indicate a slightly in-
creased probability of the asteroid‘s impact
on 2068 April 12, but it is still very small;
our follow-up paper with detailed modeling
of the Apophis‘ orbit and analysis of the im-
pact probability by Farnocchia et al. (2015)
is in press. We also looked at Apophis in a
context of the population of slowly tumbling
asteroids, estimated their rotational damping
times and discussed possible spin excitation
mechanisms. We found that tumblers pre-

Fig. 6 — Shape model of the potentially hazardous, asteroid (99942) Apophis.

mentum to the target rotational angular
momentum, and we derived a relation be-
tween this ratio and the angle B. Then they
compared the limiting energy for the onset
of tumbling with the shattering energy. Slow-
ly rotating asteroids of diameter 2100 m
can be rotationally excited by collisions
with energies below the shattering limit.
We also analyzed a spin state of asteroid
(99942) Apophis (see Fig. 6).As known, this
asteroid possesses a small risk of impacting
Earth in 2068 and a knowledge of its spin
state is important for improving modeling

dominate among slowly rotating asteroids
with damping times = 0.2 Gyr. Our results
suggest that there are actually two or more
asteroid spin evolution mechanisms in play,
or that the factor of uQ (the rigidity times
the quality factor) decreases with decreasing
asteroid size. These findings have impor-
tant implications for our understanding of
properties and evolutionary processes wor-
king in near-Earth asteroids.

Our team obtained the most abundant
data for Apophis, with the 1.54-m telesco-
pe on La Silla and the 0.65-m telescope in



Ondrejov. Then we analyzed and modeled
the data using methods we developed, with
contribution by our colleague Durech. We
applied the theories of asteroid de-excitati-
on in interpretation of the results. The ex-
pertise of our team, both on the photomet-
ric observations and on the modeling and
theoretical interpretation front, was crucial
for the work. A thorough collaboration with
a few other teams of experts in the world
was also a key to this success.

Published Principal Results

We present abstract of the most interesting
results of the last two years.

The trajectory, structure and origin of
the Chelyabinsk asteroidal impactor

J. Borovicka, P. Spurny, P. Brown,
P. Wiegert, P. Kalenda, D. Clark,
L. Shrbeny

Nature 503, p. 235-237 (2013)

Earth is continuously colliding with frag-
ments of asteroids and comets of various si-
zes. The largest encounter in historical times
occurred over the Tunguska river in Siberia
in 1908, producing an airburst of energy
equivalent to 5-15megatons of trinitrotolue-
ne (I kiloton of trinitrotoluene represents an
energy of 4.185x10'? joules). Until recently,
the next most energetic airburst events
occurred over Indonesia in 2009 and near
the Marshall Islands in 1994, both with ener-
gies of several tens of kilotons. Here we re-
port an analysis of selected video records of
the Chelyabinsk superbolide of |15 February
2013, with energy equivalent to 500 kilotons
of trinitrotoluene, and details of its atmo-
spheric passage.We found that its orbit was
similar to the orbit of the two-kilometre-
-diameter asteroid 86039 (1999 NC43), to
a degree of statistical significance sufficient to
suggest that the two were once part of the
same object. The bulk strength--the ability
to resist breakage--of the Chelyabinsk aste-
roid, of about one megapascal, was similar to
that of smaller meteoroids and corresponds
to a heavily fractured single stone. The as-
teroid broke into small pieces between the

altitudes of 45 and 30kilometres, preventing
more-serious damage on the ground.The to-
tal mass of surviving fragments larger than
100 grams was lower than expected.

Reanalysis of the Benesov bolide and
recovery of polymict breccia meteori-
tes - old mystery solved after 20 years

P. Spurny, J. Haloda, J. Borovicka, L. Shrbeny,
P. Halodova

Astronomy & Astrophysics, 2014, Volume
570,id.A39, 14 pp.

The main motivation for this work was to
explain and solve the old mystery connected
with the detailed instrumental observation of
the BeneSov superbolide on 7 May 1991 over
the central part of the Czech Republic. Detai-
led analyses of this undoubted meteorite fall
were published in several papers, and this is
one of the best documented bolides (at least
of the superbolide category) ever observed.
However, despite high-quality data, favorable
trajectory, relatively large terminal mass, and
especially great efforts and many attempts, no
meteorite was found in the weeks and years
after the fall. Here we solve and explain this old
mystery. In spring 201 |, just before the twen-
tieth anniversary of this extraordinary case,
we remeasured all available all-sky records and
reanalyzed the data.We used slightly different
methods and new approaches, which we gradu-
ally developed to analyze several recent instru-
mentally observed meteorite falls (Moravka,
Neuschwanstein, Jesenice, Bunburra Rockhole,
Mason Gully,and Kosice).We assembled a new
consistent picture of the BeneSov event, which
resulted in a slightly revised impact location
and suggested a new strategy that might lead
to a recovery of BeneSov meteorites after 20
years. The reality completely confirmed all our
assumptions and surpassed our expectations.
We found four small highly weathered frag-
ments irregular in form and completely wit-
hout fusion crust with a total mass of 11.63
g (1.54g (H5), 7.72g (with achondritic clast),
1.99g,0.38¢g (all LL3.5)). They were recovered
exactly in the predicted impact area for corre-
sponding masses, namely within 40 m from the
highest probability line. Although all fragments
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are very small and their weathering grade is
high (W3 for all pieces), their interior was pre-
served enough for reliable analysis (except for
the smallest one). The meteorite is classified
as a polymict breccia containing three recogni-
zed lithologies with different texture, chemical,
and mineralogical composition. This result is
pioneering in many aspects.We proved that in
some special cases it is still possible to predict
and find meteorites a long time after the fall.
The most important result, however, is the he-
terogeneity of the recovered meteorites. This
case clearly shows that larger meteoroids can
be compositionally very complicated bodies.
We discovered that the Benesov meteoroid
consisted of at least three different types of
material — LL3.5, H5, and primitive achondrite.
This case also implies that it is very useful to
study as many fragments as possible from one
fall because there can be significant differences
among them.

Instrumentally documented meteori-
te falls: two recent cases and statistics
from all falls

P.Spurny

Proceedings of the International Astrono-
mical Union, 10, pp 69-79 (2015)

Very successful observation of the Zdar nad
Sézavou (shortly Zd'4r) meteorite fall on 9th
December 2014 (Spurny 2015) was a direct
result of more than two years of intensive
modernization of the Czech part of the Eu-

ropean fireball network (EN).This moderni-
zation consisted in development of the new
digital autonomous fireball observatories
(DAFO),which were gradually installed along-
side the older “analog” (using photographic
films) autonomous all-sky system (AFO) on
all Czech stations. Luckily this modernization
was finished by deployment of the DAFO on
the last station of our network just a few
hours before the bolide! The fall of the me-
teorite was captured photographically and
photoelectrically by 10 cameras at 7 Czech
stations of the EN at 16:16:45 UT. Thanks
to immediate availability of digital images
very precise data on atmospheric trajecto-
ry, heliocentric orbit, luminosity, dynamics,
fragmentation history and probable impact
area were quickly determined (see images
on page 59). The first small meteorite (6g)
was found on 20 December 2014.Two more
meteorites 39 g and 42 g were found on 12
January and 2 May 2015.All three meteorites
were found during dedicated search and all
were recovered exactly in the predicted lo-
cation for given mass. The meteorites were
classified as the L3.9 ordinary chondrite,
which means, that it is a very primitive mate-
rial. Zdar is then the lowest metamorphosed
L chondrite among all 24 known instrumen-
tally documented falls and thanks to the high
quality and large number of available instru-
mental records this case belongs to the best
ever described meteorite falls.
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Secretary: M. Becvarova,

Phone: (+420) 226 258 400,

E-mail: marcela.becvarova@asu.cas.cz

“Research of the team focuses in the areas of star
formation and stellar clusters, evolution of gala-
xies in groups and clusters, super-massive black
holes in the center of the Milky Way and central
parts of active galaxies. Another active theme is
Earth’s rotation and its gravity field, and precise
astrometry. There are three working groups in the
department.” — Jan Palous, head of the De-
partment of Galaxies and Planetary Systems.

Physics of Galaxies Working Group

“The mission of the group is to study star for-
mation, to explore physical processes in young
massive stellar clusters, and to discuss the evoluti-
on of galaxies in groups and clusters. Radio, infra-
red, optical, and X-ray observations are compared
to analytical models and computer simulations of
gravitational and MHD processes.” — Jan Palous,
head of the group

Personnel

The working group is headed by J. Palous. Re-
search fellows: S. Ehlerova, P. Jichym, B. Jung-
wiert and R.Wiinsch. Post-doctorate fellows:
I. Ebrovd, I. Orlitova, R. Taylor, and there are
several PhD students.

Research results

Interstellar medium in galaxies, including our
own Milky Way, is full of different structures.
Many of them, namely HI shells and IR bubbles,
are thought to be created by the energy re-
leased by massive stars. This release leads to
an expanding shock wave, which propagates
through the interstellar medium and sweeps
it to denser walls encircling less dense inte-
riors. In younger stages of the evolution, the
walls are detectable by their infrared (IR) emi-
ssion, while in later stages the best medium
for observations is the neutral hydrogen (HlI).

We performed multi-wavelength studies
of several IR bubbles: N094,N115,NI31 (see
Fig.1), where we compared the distribution of
the heated gas (IR emission) with the dense
molecular gas (CO) and the neutral hydro-
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Department of Galaxies and Planetary Systems. From left to right: Z. Sima, O. Kopdcek,
P. Jdchym, I. TuZinskd, P. Hadrava,T. Jefdbkovd, R.Wiinsch, R.Taylor, J. Palous, F. Dinnbier,
M. Becvdrovd, |.Vondrdk, M. Dovciak, M. Bursa, C. Ron, |. Cechura, J- Hamersky,

D. Kunneriath, I. Ebrovd, F. Marin, |. Hordk.
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Physics of Galaxies Group. From left to right: P. Jachym,T. Jefdbkovd, J. Palous,
F. Dinnbier, I. Ebrovd, R.Wiinsch, R.Taylor.

gen (HI). Finding CO and HI which belong to
the structure enables us to estimate distances
— and consequently dimensions — of bubbles,
that are otherwise unavailable. One IR bubble,
N 107, was intensively studied and numerically
simulated (Fig. 2 — Sidorin et al,2014).Since IR
bubbles are usually young, their progenitors,
i.e. young stars producing the energy, should
still exist.We tried to locate them and compa-
re their properties with our predictions based
on observations of IR bubbles.

HI shells are usually older than IR bubbles
and often they are also more energetic. We
made a catalogue of HI shells in the Milky Way

based on the Leiden/Argentina/Bonn (LAB)
all-sky HI survey (Ehlerova & Palous, 2013,
Astronomy&Astrophysics, 550, 23). We used
an automated search routine, which was first
used in the previous paper (Ehlerova & Palous,
2005, Astronomy&Astrophysics, 437, 101).
Now it was improved and applied to an all-sky
survey. The advantage of using the automated
search is the uniformity of results.We identi-
fied 333 shells in the Milky Way. We also ob-
tained the Ha spectrum of one of the largest
galactic HI supershells, GS242-0+37, to test, i
its walls or interior are (partially) ionized, i.e.
if it still powered by massive stars.

Fig. I — Multiwavelength image of the infrared
bubble N1 |5:the infrared emission (red),
the parent CO cloud (green)
and the neighbouring HI (blue).

Fig. 2 — N107: bubble in the Galactic
plane (Sidorin et al. 2014,
Astronomy&Astrophysics, 565, 6).



A long studied topic in the group is the
gravitational fragmentation of HI shells. We
analyzed the fragmented wall of the Carina
Flare Supershell (Wiinsch et al, 2012, Astro-
nomy&Astrophysics, 539, | 16) and we perfor-
med new MHD numerical simulations.

Another objects of the interest are young
massive stellar clusters (Super Star Clusters —
SSC). They present large numbers of massive
stars all of which lose substantial fractions of
their mass in stellar winds and supernova ex-
plosions. Chevalier & Clegg (1985, Nature, 317,
44) — CC85 — proposed a model of SSC winds,
where the mechanical energy of individual ste-
llar winds and supernovae (SNe) is thermalized
in random collisions causing the reinserted gas
to heat up to large temperatures (~107 K).This
produces a large overpressure able to drive a
stationary cluster wind.The radiative and other
energy losses are neglected in CC85’s adiabatic
model, given the low cooling rates expected
from gas at such high temperatures. However,
the adiabatic model becomes inadequate for
massive and compact SSCs (Silich et al. 2004,
Astrophysical Journal, 610,226): as soon as the
cluster mass approaches a critical value, coo-
ling becomes important and the CC85 model
no longer applies. Tenorio-Tagle et al. (2007,
Astrophysical Journal, 658, 1196), Wiinsch
et al. (2007, Astronomy&Astrophysics, 471,
579; 2008, Astrophysical Journal, 683, 683)
and Palou$ et al. (2010, AUS, 266, 41; 2011,
AUS,270,267) proposed a new model in which
clusters evolve in the bimodal hydrodynamical
regime only a fraction of the inserted gas lea-
ves the cluster as a wind (see Fig. 3).

In Palous et al. (2013, Astrophysical Journal,
772, 128), we have generalized the model to
use the radial distribution given by the Schus-
ter profile and studied how the results depend
on its steepness. There is solid observational
and theoretical evidence that dust produced
by supernovae can survive passage through
the reverse shock and get into the hot medi-
um where it may contribute to cooling. Since
the cooling function is an essential input into
the cluster wind model, we study the influen-
ce of the dust cooling in Tenorio-Tagle et al.
(2013, Astrophysical Journal, 778, 159). Anot-

her important process that has to be taken
into account to predict the mass of the se-
cond stellar generation is the ionization of sur-
faces of dense clumps by the EUV radiation of
massive stars of the first generation. We have
developed an analytical model and estimated
time after which the clumps start to self-shield
themselves and cool below 10* K (Palous et al.,
2014, Astrophysical Journal, 792, 105). In Silich
et al. (2010a, Astrophysical Journal, 71 1, 25), we
predict that massive young galaxies with high
star formation rates similar to those detected
as SCUBA sources are likely to accumulate
the mass in their interiors leading to a fast
interstellar matter enrichment, as observed
in high redshift quasars. Nuclear star clusters,
that typically include supermassive black ho-
les, have been studied in Silich et al. (2010b,
AUS, 267, 324) and Hueyotl-Zahuantitla et al.
(2010, Astrophysical Journal, 716, 324; 2013,
Astrophysical Journal, 766, 92).We show, using
radiation-hydrodynamic simulations including
AGN X-ray heating, that a filamentary/clumpy
structure is formed in the inner part of the
cluster.

Using millimeter telescopes ESO APEX
and IRAM 30m we searched for cold, mo-
lecular gas in tails of ram pressure stripped
(RPS) galaxies in galaxy clusters (see Fig. 4).
The removal of star-forming interstellar ma-
tter (ISM) reservoir from orbiting galaxies by
ram pressure of intra-cluster medium (ICM) is
a powerful mechanism that can cause sudden
quenching of star formation (SF) and make the
cluster late-type stav forming galaxies mig-
rate through the “green valley” of the galaxy
color-magnitude diagram, towards passively
evolving, gas-poor SO and Sa types. The stri-
pped ISM forms one-sided, “cometary” tails
extending from the galaxies.

With the IRAM 30m telescope we further
discovered abundant molecular gas along the
50 kpc long RPS tail of the Coma cluster ga-
laxy D100. Our observations suggest (Jachym
et al., 2013, Astronomy&Astrophysics, 556,
99; Jachym et al., 2014, Astrophysical Journal,
792, 1 I),that in massive clusters, compression
of stripped gas by the surrounding ICM that
determines the temperature and density dis-
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Fig. 3 — Model of the cluster in the bimodal regime.The sketch on the bottom right panel shows
how dense clumps are formed in the central cluster region by the thermal instability of the hot gas.
At the same time, the cluster wind emerges close to the border of the cluster.The other panels
show a snapshot from our 3D hydrodynamic simulation: logarithm of the particle density (top left);
logarithm of temperature (top right); and the wind velocity (bottom left).

tribution of gas in the tail, is efficient in pro-
ducing observable levels of both hot and cold
gas phases. In the less massive Virgo cluster,
we searched for molecular gas in the pro-
minent star-forming tail of the dwarf galaxy
IC3418, but we reached only sensitive upp-
er limits, and moreover our deep Chandra
observations did not reveal any soft X-ray
emission. Recently, our project was accepted
for observations with the millimeter interfe-
rometer ALMA.

We focused on using stellar shells in so-
-called shell galaxies as tools to constrain
their gravitational potential. Shells are faint
arc-like features, mostly formed as tidal caus-
tics through an accretion of a dwarf galaxy
along an almost radial trajectory. They are ki-
nematical density waves propagating from the
center of the host galaxy. In the first phase,

we developed, under the A-CDM paradigm,
a new method to constrain the dark matter
distribution around elliptical galaxies. This is
very important since shells occur predomi-
nantly in ellipticals where it is more compli-
cated to infer the dark matter profile than in
disk galaxies. The method (Jilkova et al., 2010,
ASPC 423, 243; Ebrové et al. 2012, Astrono-
my & Astrophysics 545, 33; Ebrova, 2013, PhD
thesis, arxiv:1312.1643) builds on our predic-
tion of a quadruple-peak line-of-sight veloci-
ty profile; it relies on relating the four peaks
to the gravitational potential. In the second
phase, we embarked upon using shell galaxies
to test the Modified Newtonian Dynamics
(MOND), as alternative to the dark matter
hypothesis solving the missing mass problem.
In Bilek et al. (2013, Astronomy & Astrophy-
sics, 559, 110), we used our newly developed



shell identification method (1) to show that
the shell distribution in the galaxy is well com-
patible with MOND, (2) to derive the age of
the shell system and (3) to confirm the earlier
expectations that the accreted galaxy has to
make a few oscillations before it gets finally
dissolved.

We developed a code for performing
the shell identification method automatically.
We used it in Bilek et al. (2014a, Astronomy
& Astrophysics, 566, 151) to predict that if
MOND works, then a new shell in NGC 3923
must exist at the distance of around 200 kpc
from the center. This provides a strong test
of MOND. CFHT 3.6-m telescope accepted
our proposal under the international Opti-
con Access Program and will try to find the
shell observations in 2015. In Bilek et al. 2014b
(accepted to Astronomy & Astrophysics, ar-
Xiv:1412.6556) we showed what we would
measure by the above method of Ebrova et al.
if MOND is correct. Related developments on
shell galaxies and MOND, namely a prediction
of a counterpart of the Tully-Fisher relation, are
given in Bilek et al.2014C (2015, Can.]. of Phys.,
vol. 93, pp. 203-212).All the above research on
shell galaxies was carried out fully at our in-
stitute with a strong participation of 6 PhD
students; 3 PhD theses devoted to the topic
(I defended, 2 underway with defenses planned
for 2015); 2 undergraduate students started
their master theses on this topic in 2014.

Fig. 4 — APEX CO(2-1) spectra in the ram pressu-
re stripped Norma cluster galaxy ESO137-001.

Lyman-a Reference Sample survey (LARS)
was very interesting topic of our study last
years.We have recently started using the Ly-
man-a line of hydrogen for studying nearby
galaxies, in collaboration with Geneva Ob-
servatory, Stockholm University and other
European and American institutions (see
Hayes et al.,, 2013, Astrophysical Journal 765,
L27; Hayes et al., 2014, Astrophysical Journal
782, 6; Pardy et al., 2014, Astrophysical Jour-
nal 794, 101; Ostlin et al., 2014, Astrophysical
Journal 797, 11). Lyman-a is the dominant
tool for distant galaxy searches, thanks to
its brightness. At the same time, Lyman-a
resonantly scatters on the interstellar and
intergalactic gas and dust, which makes the
observational signatures complex. Therefo-
re, we study in detail the mechanisms of Ly-
man-a transfer and escape from galaxies in
the local Universe, using the most advanced
astronomical facilities such as the Hubble
Space Telescope, the Very Large Telescope
(VLT), and the Very Large Array (VLA). In
particular, we are in charge of the Lyman-a
spectroscopic data interpretation with the
use of numerical radiation transfer codes.
HST spectroscopy demonstrates that in or-
der to escape from the galaxy without be-
ing absorbed, Lyman-a must either scatter
to large distances in dust-poor environment,
or make use of gas outflows or low-density
holes in a clumpy medium.

Our involvement in CALIFA, Calar Alto
Legacy Integral Field spectroscopy Area sur-
vey (CALIFA — 3D spectrograph mounted
at the Calar Alto 3.5-m telescope), builds
on our previous experience with integral-
-field spectroscopy and spatially resolved
studies of conditions in the central kilopar-
sec of both active and quiescent galaxies
(Krips et al., 2011, Astrophysical Journel
736, 37; Oh et al., 2013, Astrophysical Jour-
nal 767, 117). Nearly 600 galaxies have been
observed during 2010-2014, so far resulting
in public releases of science quality data-
cubes for 200 galaxies in two spectral re-
solution setups. Our team members parti-
cipate at both the general tasks — the sur-
vey design, sample selection/characterization,
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data release (Sanchez et al., 2012, Astronomy
& Astrophysics 538, 8; Husemann, 2013, As-
tronomy & Astrophysics 549, 87; Walcher et
al.,, 2014, Astronomy & Astrophysics 569, |)
— as well as on specific galaxy evolution stu-
dies using CALIFA data with the emphasis on
relation between stellar mass, stellar metalli-
city and gas metallicity. Three PhD students
supervised at our institute have participated
in CALIFA survey effort.

Relativistic Astrophysics Working
Group

“The mission of the group is to explore physical
processes near accreting stellar-mass black ho-
les in binary systems and super-massive black
holes in active galactic nuclei, as well as the
Milky Way’s under-luminous core by theoretical
approaches, numerical modeling, and data in-
terpretation. In collaboration with our partners
abroad, both archival and newly obtained data
are employed — X-ray, near-infrared, optical,
and sub-millimeter.” —Vladimir Karas, the head
of the group.

Personnel

The working group was headed by V. Karas.
Research fellows: M. Bursa, M. Dov¢iak,
P. Hadrava, and J. Hordk. Post-doctorate fe-
llows: . Cechura, O. Kopacek, D. Kunneriath,
F. Marin, J. Svoboda, and A. Trova. We had
several PhD students too.

Research results

The research focus of the group has con-
centrated on probing the vicinity of compact
objects via a wide spectrum of observational
techniques, numerical codes and analytical
approaches: By studying stellar-mass black
holes and compact stars we explore their in-
teraction with the cosmic environment. We
aim to understand matter under extreme
conditions, including gravitationally collapsed
bodies, and to explore the nature of space-
-time. By studying supermassive black holes,
their role as active emitters allows detection
in the distant Universe, thereby probing an
epoch of several hundred million years after
the Big Bang, as well as the more quiescent

inliabin

Relativistic Astrophysics Group. From left to right: . Hordk, O. Kopdcek, P. Hadrava, M. Bursa,

M. Dovciak, J. Hamersky, |. Cvechura, F. Marin, D. Kunneriath.



period of nearby galaxies and the Milky Way.
The innermost regions around black holes
can be well studied by the X-ray spectrosco-
py. A relativistically broadened iron line has
been reported in spectra of AGN and X-ray
binaries. This feature has appeared to be tran-
sient in some sources (e.g., an active galaxy
4U 1344-60,].Svoboda et al., 2012,Astronomy
& Astrophysics, 545, 148). The exact shape of
the line profile is scientifically valuable infor-
mation because it allows us to measure the
black hole spin and inspect the geometrical
and physical properties of the accretion flow.
The black hole spin and inclination define the
extreme energy shifts of radiation (Karas &
Sochora 2010, Astrophysical Journal, 725,
1507; Sochora et al. 201 |, MNRAS, 418, 276).
The accretion-flow geometry influences the
radial emissivity. Svoboda et al. 2012 (Astro-
nomy & Astrophysics, 545, 106) have been able
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Fig. 5 — Iron line in X-ray spectra of 4U |344-
60 observed by XMM-Newton (2001, red) and
Suzaku (201 I, black). Figure from Svoboda et al.

(2012).

to reproduce steep gradients of the emissivity
profiles by a concentrated X-ray source close
to the black hole, a radially-stratified ionizati-
on of the disc, and the limb-brightening (see
Fig. 5).

Dovc¢iak and Marin follow a Monte Carlo
approach to produce near-infrared to X-ray
spectro-polarimetry predictions to be com-
pared with observations of accretion discs
around supermassive black holes (collaborati-

on with Univ. Strasbourg and Roma Tre; Marin
& Dovciak 2015, Astronomy & Astrophysics,
573, 60). Taking into account heat advection
and non-Keplerian rotation, Bursa has investi-
gated slim disc models in with regard to spin
estimates (collaboration with MIT/CfA Cam-
bridge and CAMK Warsaw; Sadowski et al.
201 1,Astronomy & Astrophysics, 527, 17).The
group has provided observational and theore-
tical studies of angular emissivity in strongly
curved gravitational fields, and analyzed its
effect on the resulting spectrum originating
from discs. Such a complementarity is ensured
by a close collaboration between the mem-
bers of the group.

The X-ray spectral modeling suit of rou-
tines named KY has been continuously main-
tained and developed for the community.
Since its early definition (Karas et al. 1992),
particular features of the KY approach are the
dual step of pre-computing the GR light rays
that can be used a posteriori within the widely
known (publicly available) spectral fitting pac-
kage XSPEC as well as a stand-alone applica-
tion for timing and polarization. New models
fit the observed data with a particular physical
model of the system, e.g. with a relativistically
broadened iron line model (KYNRLPLI) and
with a reprocessed disc emission (KYREFLI-
ONX) in the lamp-post geometry (Dovciak et
al. 2014, arXiv:1412.8627).

Not every compact object is found in a sta-
te of high accretion rate. The nearest super-
massive black hole to us, Sgr A*, is situated
at the very center of our Milky Way galaxy
where its faint luminosity is explained by low
accretion and only episodic flares (see Fig. 6).
Its proximity and complex environment make
Sgr A* an ideal astrophysical laboratory. Ma-
rin and Karas have modeled the reprocessed
X-ray signal emerging from reflection nebu-
lae in the Galactic center (Marin et al. 2014;
MNRAS, 441, 3170).These provide strong ob-
servational constraints for future polarimetric
missions, showing that the morphology of the
scattering region can be explored, thus revea-
ling the history of the source. Its recent activi-
ty is interpreted by multiple accretion events
of gaseous clouds onto the central black hole
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Fig. 6 — Left panel: the Minispiral in the center of the Milky Way, as seen by CARMA at 3 mm.
Right panel: Simultaneous coverage of 3.8 um Galactic center NIR flare and the corresponding
3 mm CARMA light curve (Kunneriath et al. 2010, 201 2).

(Czerny et al. 2013, Astronomy & Astrophysics,
555, 97; Kunneriath et al. 2014, IAUS 303, 228).

Trova and Karas explore various aspects
of self-gravity of fluid discs and its impact
on hydrodynamical simulations (collabora-
tion with Univ. Bordeaux in France; Trova
et al. 2014, Astronomy & Astrophysics, 563,
132). This work is done in collaboration with
groups at Silesian University in Opava and
Charles University in Prague. Deep in the po-
tential well of ergosphere, new physical effects
occur. Hamersky and Karas work on the for-
mation of magnetized fluid tori (Hamersky &

Karas 2013, Astronomy & Astrophysics, 555,
32), while Kopacek studies acceleration of
electrically charged matter by reconnection
near black holes (Kopacek & Karas 2014, As-
trophysical Journal, 787, | 17). Such theoretical
works include the effects of collimation and
the transition from regular to chaotic motion
(Kopacek 2011, PhD Thesis). Horak and colla-
borators have developed a general-relativistic
scheme for the corotation-instability mecha-
nism that operates in accretion discs. They
show that this is a generic feature of general
relativity (Horak et al. 2012, PAS), 64,76;2013,

MNRAS 434, 276).

A code for three-dimensi-
onal time-dependent radiation
hydrodynamic simulations of
stellar winds in interacting bi-
naries has been developed to
improve models of high-mass
X-ray binaries and to explore
the properties of circumstellar
matter (Cechura & Hadrava
2014, arXiv:1412.3924 — see
Fig. 7). Other codes by Had-
rava continue to be updated

Fig. 7 — Radiation-hydrodynamical simulation
of a stellar wind in the equatorial plane of Cygnus X-1,
including effects of the X-ray ionization. F

rom Cechura & Hadrava (2014).

by the author and widely used
by the community: FOTEL for
solving radial-velocity and light-
curves, and KOREL for disen-
tangling the spectra of multi-



ple stars. These turned out very successful
tools for the determination of pulsation ve-
locities from observed spectra of Cepheids,
and the Baade-Wesselink calibration of the
primary distance markers.

Planetary Systems Working Group
“The mission of the group is the research in dy-
namics of Earth rotation, its gravity field, orbital
analysis of space missions, and astrometry with
Zeiss Photographic Zenith Tube in Ondrejov.” —
Cyril Ron, the head of the group.

Personnel

The working group was headed by C. Ron:
Research fellows: A. Bezdék, J. Kloko¢nik, Z.
Sima, ).Vondrik and post-doctorate fellow
J. Sebera.

Research results

Orbital resonances played an important role
in the past gravity field determination and eva-

combinations of significantly high positive or
negative values of the radial derivatives in the
Marussi tensor are under the strong influence
of rapid and/or intensive geomorphic proces-
ses. These geophysical signatures reflect the
regional dynamics of the Earth surface evo-
lution. Based on the observed data, covering
several years, we obtained an average annual
continental hydrology signal, where the main
geographical areas with important hydrologi-
cal variations are evident, see Fig. 9. Current-
ly the GNSS-based gravity field solutions are
a topical theme in space geodesy. The results
were published in (Bezdék et al., 2014, Adv.
Space Res., 53,412).

Space accelerometers are important devices
for measuring the non-gravitational forces
acting on Earth satellites, such as the atmo-
spheric drag, radiation pressures, direct and
Earth-reflected solar radiation and terrestrial
infrared radiation, and the forces due to sa-
tellite thrusters. It is important to measure

Planetary Systems Group: Left image (from left to right): Z. Sima, |.Vondrdk, M. Becvdrovd, C. Ron.
Right image: J. Klokocnik and A. Bezdék.

luation (Klokoénik et al., 2013, Surv. Geoph.,
34, 43) and the GOCE'’s fine orbit tuning can
be considered as a new application of reso-
nant phenomena analyses to orbits of Earth’s
artificial satellites, see Fig 8. Gravity disturban-
ce, the Marussi tensor, invariants of the gravity
field, their certain ratio and other functions of
the geopotential were computed based on the
harmonic coefficients of the global gravitatio-
nal field model EGM 2008 (newly also EIGEN
6C4). It is suggested that morphotectonic
and landform patterns with very conspicuous

non-gravitational forces in order to impro-
ve the knowledge of their natural causes,
this is especially true for atmospheric drag,
and to reduce them as a perturbing signal
in the precise orbit determination procedu-
res, as is the case of recent gravity field de-
dicated missions (CHAMP, GRACE, GOCE).
The problem with space accelerometers is
that due to their ultra-high sensitivity they
cannot be calibrated on the ground. Nowa-
days, their calibration is more a scientific
problem rather than an engineering one.
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Fig. 8 — Resonant evolution graph for GOCE and
orbits suggested or selected for its gradiometry
measurements. The x-axis shows the number
of Earth’s revolutions, the mean altitude of the
satellite is on the y-axis. Choice of the repeat cycle
was driven by the desire to optimize the spatial
coverage for the GOCE gradiometer
(Klokochik et al. 201 3).

This is the reason why European Space Agen-
cy launched a call to scientific teams for a
calibration of space accelerometers carried
aboard each of three satellites in the missi-
on Swarm. We developed an original me-

Our calibration proposal was accepted by
ESA. The three Swarm satellites were suc-
cessfully put in orbit in November 2013 and
the accelerometer data have been available
early in 2014.Together with other teams in-
vited by ESA we try to solve problems so
that the data could be finally released to
scientific users. In 2014 we contributed at
all three meetings of ESA Swarm calibrati-
on/validation teams. Our attention has also
been drawn to particular algorithms for
processing satellite and terrestrial gravity
data. In (Sebera et al., 2012, ). Geod., 86,713)
the computation of the associated Legen-
dre functions of the second kind was optimi-
zed up to degree of several thousand.The resul-
ting procedures allow us to use spheroidal
basis functions for flattened bodies that have
many applications in planetary science.
Sebera et al. (2013, J. Geod., 87, 223) have
been investigating alternative relationships
for the Cartesian derivatives of the spherical
harmonic series. Although these formulas are
known from the sixties, they are not widely
used in gravity field modelling. We tested their
capabilities in the spherical harmonic analysis
of the scattered and heterogeneous input data

(@) bR S5T GAALE (0032008 ) (b) GESSET CHAMS (003 20w
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(acceleration vector, gravi-
tational gradients) and we
I | found these are systema-
. | tically faster when compa-
- _ red with our previous im-
l plementation. The routines
are now being used in the
, acceleration approach men-
I‘ tioned above (Bezdék et al.,
- 2014, Adv. Space Res., 53,

" P 412).
B Finally, an alterntive way
to work with gravitational

Fig. 9 — Average seasonal geopotential variations Computed from
a) GRACE, and from GPS positions of GHAMP and GRACE A/B satelli-

tes (Bezdék et al., 20M).

thod of calibration based on comparison of
the measured accelerometer readouts with
a calibration standard derived from precise
GPS orbits (Bezdék, 2010, ). Geodyn. 50,410).

data in a mass-free space
was investigated in (Sebera
et al, 2014, Surv. Geoph.
35, 941). The purpose was
to downward continue sa-
tellite gravity data from the GOCE mis-
sion without using spherical harmonics.
For this purpose, we suggested a two-step
iterative procedure based on the Poisson



integral equation, which allows to shift (or
interpolate) gravity data in space to prevent
dramatic noise amplification.

The nutation model IAU2000 is very clo-
se to the real motion of Earth‘s spin axis in
space, so the celestial pole offsets measured
by VLBI (deviations of the observed pole po-
sition from the model) are very small, typically
smaller than | mas. However, some periodic
terms can still be detected in the residuals,
partly coming from the still possible deviati-
ons of the adopted model from reality, partly
because of the presence of free variations
that are unpredictable and thus not included
in the model.They are due to the fact that the
Earth’s outer fluid core and inner solid core
can rotate around the axes that are not co-
incident with the spin axis of the mantle.The
possible additional excitation due to geophy-
sical fluids (atmosphere, ocean and hydrolo-
gy on continents) can be derived from their
angular momentum functions that are pub-
licly available with sub-diurnal resolution
in 6-hour intervals. We studied the effects
of the geophysical fluids and geomagnetic
field on the spin axis using the integration
of broad-band Liouville equations and have
found the significant correlation between in-
tegrated and observed pole offsets in the in-
terval 1989-present (Vondrak and Ron, 2014,
Acta Geodyn. Geomater, |1, 193). We also
analyzed the long-term variations of the
Earth’s rotation starting with decade varia-
tions (Chapanov et al., 2010, IAU Symp. 264,
407) and proceeded towards centennial (Ron
et al,, 2012, Acta Geodyn. Geomater, 9, 259)
up to millennial ones (Chapanov et al., 2015,
Acta Geodyn. Geomater, 12, 259).

Published Principal Results

We present abstract of the most interesting
results of the last two years.

Corotation resonance and overstable
oscillations in black hole accretion
discs: general relativistic calculations

J- Hordk, Dong Lai
Monthly Notices of the Royal Astronomical
Society, 2013,Volume 434, Issue 4, p.2761-277

We study the dynamics of spiral waves and
oscillation modes in relativistic rotating
discs around black holes. Generalizing the
Newtonian theory, we show that wave ab-
sorption can take place at the corotation
resonance, where the pattern frequency
of the wave matches the background disc
rotation rate. We derive the general rela-
tivistic expression for the disc vortensity
(vorticity divided by surface density), which
governs the behaviour of density pertur-
bation near corotation. Depending on the
gradient of the generalized disc vortensity,
corotational wave absorption can lead to
the amplification or damping of the spiral
wave. We apply our general theory of re-
lativistic wave dynamics to calculate the
non-axisymmetric inertial-acoustic modes
(also called p modes) trapped in the inner-
most region of a black hole accretion disc.
Because general relativity changes the pro-
files of the radial epicyclic frequency and
disc vortensity near the inner disc edge
close to the black hole, these p modes can
become overstable under appropriate con-
ditions.We present the numerical results of
the frequencies and growth rates of p mo-
des for various black hole spin and model
disc parameters (the surface density profile
and sound speed),and discuss their implica-
tions for understanding the enigmatic high-
-frequency quasi-periodic oscillations ob-
served in black hole X-ray binaries.

On the Onset of Secondary Stellar
Generations in Giant Star-forming
Regions and Massive Star Clusters

J. Palous, R.Wiinsch, G.Tenorio-Tagle
Astrophysical Journal,2014,792, 105-113

Here we consider the strong evolution
experienced by the matter reinserted by
massive stars, both in giant star-forming regi-
ons driven by a constant star formation rate
and in massive and coeval superstar clus-
ters. In both cases we take into considerati-
on the changes induced by stellar evolution
on the number of massive stars, the num-
ber of ionizing photons, and the integrated
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mechanical luminosity of the star-forming
regions. The latter is at all times compared
with the critical luminosity that defines, for
a given size, the lower mechanical luminosi-
ty limit above which the matter reinserted
via strong winds and supernova explosions
suffers frequent and recurrent thermal in-
stabilities that reduce its temperature and
pressure and inhibit its exit as part of a glo-
bal wind. Instead, the unstable reinserted
matter is compressed by the pervasive hot
gas, and photoionization maintains its tem-
perature at T ~ 10* K. As the evolution
proceeds, more unstable matter accumula-

tes and the unstable clumps grow in size.

Here we evaluate the possible self-shielding
of thermally unstable clumps against the
UV radiation field. Self-shielding allows for
a further compression of the reinserted
matter, which rapidly develops a high-den-
sity neutral core able to absorb in its outer
skin the incoming UV radiation. Under such
conditions the cold (T ~ 10 K) neutral cores
soon surpass the Jeans limit and become
gravitationally unstable, creating a new ste-
llar generation with the matter reinserted
by former massive stars.We present the re-
sults of several calculations of this positive
star formation feedback scenario promoted

by strong radiative cooling and mass loading.

Prospects of 3D mapping of the
Galactic Centre clouds with X-ray
polarimetry

F. Marin,V. Karas, D. Kunneriath, F. Muleri
Monthly Notices of the Royal Astronomical
Society, 2014,Volume 441, Issue 4, p. 3170-
3176

Despite past panchromatic observations
of the innermost part of the Milky Way,
the overall structure of the Galactic Cen-
tre (GC) remains enigmatic in terms of
geometry. In this paper, we aim to show
how polarimetry can probe the three-di-
mensional position of the molecular ma-
terial in the central 100 pc of the GC.
We investigate a model where the central
supermassive black hole Sgr A* is radia-
tively coupled to a fragmented circum-
nuclear disc (CND), an elliptical twisted
ring representative of the central molecu-
lar zone (CMZ), and the two main, bright
molecular clouds Sgr B2 and Sgr C. 8-35
keV integrated polarization mapping re-
veals that Sgr B2 and Sgr C, situated at
the two sides of the CMZ, present the
highest polarization degrees (66.5 and
47.8 per cent, respectively), both associ-
ated with a polarization position angle
psi = 90° (normal to the scattering plane).
The CND shows a lower polarization de-
gree, 1.0 per cent with psi = —20.5°, tracing
the inclination of the CND with respect
to the Galactic plane. The CMZ polariza-
tion is spatially variable.We also consider
a range of spatial locations for Sgr A* and
the reprocessing media, and investigate
how the modelled three-dimensional geo-
metry influences the resulting GC pola-
rization. The two reflection nebulae are
found to always produce high polarization
degrees (>>10 per cent). We show that
a 500 ks observation with a broad-band
polarimeter could constrain the location
and the morphology of the scattering ma-
terial with respect to the emitting source,
revealing the past activity of Sgr A*.
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A strong aspect of the Institute performance
is its extensive international collaboration. Re-
gardless of the difficulties in establishing inter-
national contacts before 1989, the Institute is
now internationally recognized as a leading re-
search organization in the field of Astronomy
and Astrophysics. Since the General Assembly
of the International Astronomical Union (IAU)
in Prague in 2006, the Institute organizes nu-

merous international meetings and symposia.

While Prof. Jan Palou$ continues to serve as
IAU Vice-President, preparations have just
started for the forthcoming European Week
of Astronomy and Space Science as a major
event to be held in Prague 2017.

In 2008 the Czech Republic became a re-
gular member of the European Space Agen-
cy (ESA). This membership was a success-
ful ending of long-lasting negotiations with
ESA representatives and preparation on the
Czech side. During that preparatory period
scientists of the Institute have been helping
with organizational matters related to space

research. Since then the Institute plays a vi-
sible role in the space research in the Czech
Republic which helps us to build long term
strategic partnerships between Industry and
Academia. The Institute continues to have
representatives in the national Board for
Space Activities, in the Board of Directors
and Supervisory Board of the Czech Space
Office, in the Czech PRODEX Board, in the
Board of Space Activities of the Czech Aca-
demy of Sciences and in the Coordination
Board of the Minister of Transportation.The
ESA membership has opened new broad
possibilities especially in the field of space-
-related sciences.

Observations from above the Earth at-
mosphere have had a crucial importance for
astronomy and astrophysics since the very
beginning of the Space Age. Therefore the
Astronomical Institute has been involved
in many space projects. For example, a new
type of micro-accelerometer was develo-
ped and placed aboard the US Space Shuttle

Examples of ESA projects at the Institute, ongoing or finishing till the end of 2015

Project name Pl Period
Solar Orbiter - METIS (coronograph ): Czech contribution: | A. Berlicki 20112018
main M| and M2 mirrors

Solar Orbiter - STIX (Spectrometer Telescope for Imaging | F Farnik 20112018
X-Rays): Czech contribution: Power Supply design, develop-

ment and manufacture

PROBA-3: Hardware contribution to ASPIICS conograph | S.Gundr 20112016
onboard PROBA-3 mission-Phase B and Phases C, D

RPWI Instrumentation for JUICE Mission: Definition P Hellinger 20112017
and Development

Solar Orbite~RPW (Radio and Plasma Waves Instrument): | P Hellinger 20112018
Czech contribution: Power Supply Unit design, development

and manufacture

L-DEPP-Definition: Lunar Dust Environment and Plasma P Hellinger 20112015
Package for Lunar Exploration

PROBA 2: DSLP Operations on Board - Raw Data S. Stverak 20112015
Processing and Archiving

BepiColombo: Kinetic processes in the solar wind, Mercury's | P Trdvni¢ek 2008-2015
magnetosheath and magnetosphere
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Atlantis, and a hard X-ray spectrometer
was launched on the US Air Force sate-
llite MTI where it successfully observed du-
ring three years. Micro-accelerometer know-
-how was transferred and that enabled com-
panies to receive contracts with ESA-ASTRI-
UM, and to manufacture micro-accelerome-
ters for three ESA satellites SWWARM launched
in 2013.

In 2011 ESA approved the Solar Orbi-
ter (M2-class mission by ESA) and the work
on phases C/D of the satellite construction
started. We have participated in three inter-
national consortia to build the scientific pay-
load instruments METI S (UV coronagraph),
STIX (hard X-ray telescope) and RPW (in
situ radio plasma-wave detector).The launch
is expected in 2018. Also the formation fli-
ght project Proba-3, with a large externally

occulting coronograph, is on track entering
the production phase. The Institute scien-
tists continue with their involvement in Gaia,
GOCE, XMM and other ongoing projects of
ESA. Recently the CLASP polarimetry missi-
on of JAXA and NASA space agencies was
approved, with the Institute’s participation.
Many of our results came from observations
made by the telescopes at European Sou-
thern Observatory sites.The Czech Republic
is 2 member of ESO since 2007, which allows
to the scientists of the Astronomical institute
to use the instruments at La Silla Observa-
tory, Paranal observatory or participate on
the ALMA project. The following table shows
some of our observational projects perfor-
med by ESO instruments.

The Institute takes an active role also in
promoting all aspects of ESO membership

An examples of approved observation programs for 2013-2015
in which scientists of our institute took part.

Project name

Nature of variable SgrA* X-ray and polarized
NIR flares: Probing the accretion stream and
source variability during the passage of DSO/G2.

Telescope Scientists

UT4-Yepun/ NACO | M. Bursa, M. Dov¢iak,
APEX/LABOCA V. Karas, D. Kunneriath
APEX/SABOCA

Differential L-band spectroscopy of the Dusty
S-cluster Object (DSO/G2) approaching SgrA*.

M. Dovciak,
V. Karas, D. Kunneriath

UT4-Yepun/ NACO

Multiple stellar systems as a key to understand
period variations and magnetic activity cycles

2.2/ FEROS P Zasche, M. Broz,

P Mayer, M. Wolf

Photospheric signature of accreted material

UT2-Kueyen/ A. Kawka, S.Vennes

gas in the wake of the galaxy ESO137-001

onto cool, old white dwarfs. XSHOOTER

The 3-D Structure and Kinematics of Small | UT2/ FLAMES P Hadrava, S. Ehlerovd,
Magellanic Cloud by Disentangling of Stellar and R. Klement, J. Palous,
Interstellar Spectra A. ROzicka, S. Stefl
Properties of rare double degenerates: A new | UT3/ XSHOTER S.Vennes, A. Kawka
class of nitrogen-polluted DQ white dwarfs?

Probing physical conditions in the molecular | APEX/ SHeF! P Jachym

Submillimetre observations with LABOCA and
SABOCA: a key to constrain clumping and de-
termine precise mass-loss rates in massive stars

APEX/ LABOCA J. Kubat, B. Surlan,
M. E. Oksala, J. Krticka,

M. Kraus

Studying the structure and kinematics of disks around
evolved massive stars using SiO band head emission

UTI/CRIRES M. Kraus, M. E. Oksala




in the Czech Republic, scientific as well as
industrial. To this end a dedicated www.
eso-cz.cz website is supported. In 2014,
ESO hosted an industry event for Czech
businesses at its Headquarters in Garching,
where the meeting representatives of in-
terested Czech companies and institutions
were offered information about ESO, given
an introduction to the E-ELT and presented
potential opportunities that are available to
take part in its industrial activities.

The European ARC (ALMA Regional
Centre) has been formed as a coordinated

even at the European scale. Partly it serves
also international community from Brazil
and Chile (ALMA location). The services
provided to the users range from help with
proposal preparation (Phase I), negotiation
of technical details of the project with the
observatory (Phase Il), data reduction and
imaging (QA2) up to help with data analy-
sis and interpretation. At the same moment
the Czech node helps with further develop-
ment of ALMA in commissioning of the new
solar observing mode. In fulfilling its tasks
the Czech node is closely collaborating

ALMA, an international astronomy facility, is a partnership of Europe, North America and East Asia
in cooperation with the Republic of Chile. ALMA construction and operations are led on behalf
of Europe by ESO. ESO has established one of European ALMA Regional Centres in Ondrejov.
Following the recent proposal by the Institute, the Czech node of the European ARC has been

included in the updated Roadmap of Research Infrastructures in the Czech Republic.

distributed network of seven nodes, which
are part of the support system for the
ALMA (Atacama Large Millimeter/submilli-
meter Array) telescope. One of the nodes is
hosted at the Astronomical Institute of Aca-
demy of Sciences in Ondrejov. The Czech
node provides services namely in ALMA-re-
lated research in solar physics and labora-
tory millimeter spectroscopy. In these areas
it serves the ALMA user community in the
Czech Republic and the entire region of
Central and Eastern Europe. In the solar re-
search with ALMA this expertise is unique

with ESO, partner nodes in Europe, ARCs at
NRAO and NAO], Joint ALMA Observatory
(JAO) and also with academic institutions in
the Czech Republic. The Institute proposed
a new ALMA-CZ Research Infrastructure at
2014, and it is currently at a promising stage
of negotiations for funding.

The Institute have also obtained a long-
-term access to the 1.54-m Danish telesco-
pe located at ESO La Silla Observatory in
Chile. We run two long-term photometric
projects at the telescope: the NEOSource
project and the Gaia Support project. The

CREDIT: ESO
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NEOSource project is run by the Interpla-
netary Matter Department and it is focused
on physical studies of near-Earth asteroids
and their source regions in the main asteroid
belt. The Gaia Support project is run by the
Stellar Department and it is focused on ob-
jects used to calibrate the observations.The
1.54-m telescope is also cooperating in the
international network Gaia Science Alerts to
perform follow-up observations of peculiar
sources detected by the satellite.

The European Fireball Network (EN)
was established in former Czechoslovakia
in 1963 and its current updated version
represents the longest continuously ope-
rational fireball network in the World. The
center of EN is located in Ondrejov and the

nomous Fireball Observatory (DAFO) has
been developed and gradually installed at
all Czech stations. These modern and fully
automated instruments significantly inc-
rease the efficiency of our observations
and precision of the acquired data. Fireball
spectra are simultaneously photographed at
the Ondrejov Observatory. We also parti-
cipate in the project of the Desert Fireball
Network (DFN) in Australia equipped with
AFO, and we analyze data from this remote
experiment. Ve have continued to use the
double station (Ondrejov—Kunzak base)
video observations of faint meteors. Our
goal in this research has been not only to
monitor the activity of known meteor sho-
wers but also to look for unexpected events.

PHOTO: PETR HORALEK

The dome with 1,54-m Danish telescope at La Silla site of ESO.

Institute coordinates all its activity. At pre-
sent it consists of eleven stations in Czech
Republic, fourteen stations in Germany and
two in Slovakia and Austria. Within the sco-
pe of this experiment we closely cooperate
with our colleagues in Comenius University
in Bratislava, who operate four video all-sky
systems in Slovakia, and with several ama-
teur groups active in the Netherlands, Po-
land, Slovenia, Croatia, Austria and Hungary.
Recently, all Czech stations have been equi-
pped with the very sophisticated instru-
ment for optical observation of fireballs, the
Autonomous Fireball Observatory (AFO).
In the last three years the new instrument
for fireball photography, the Digital Auto-

In case of predicted outbursts or enhanced
activity we promptly adjust our observati-
onal program. For this purpose we use an
automatic double station MAIA cameras as
well as original manual video cameras.
Teams of the Institute at the Ondrejov
site as well as abroad pursue other important
programs.These include an active involvement
in the recently established EAST (European
Association for Solar Observations). Organi-
zation as well as an active participation in large
solar projects GREGOR, the largest European
solar telescope, where the Institute takes part
under a bilateral agreement with the Leibniz
Institute for Astrophysics. This has opened an
opportunity for the Czech solar community



to obtained the leading-edge data. The 1.5-m
solar reflector, located at Observatorio del
Teide, Tenerife, was developed and built under
the leadership of the Kiepenheuer Institute
for Solar Physics in Freiburg with the Leibniz
Institute for Astrophysics Potsdam, the Insti-
tute for Astrophysics Gottingen, and the Max
Planck Institute for Solar System Research in

and alignment of GFPI since 201 | and in three
campaigns of Early Science observations.

The Institute has been active in the
ASTRONET network to shape the influen-
tial Roadmap for the future directions of
Astronomy research in Europe, its planned
infrastructures and personnel aspects. Fur-
thermore, special projects cover joint re-

The largest European solar telescope GREGOR with a 1.5 m primary mirror.

Gottingen as German partners and with the
Instituto de Astrofisica de Canarias and the
Astronomical Institute of the Czech Acade-
my of Sciences as international partners. The
telescope is designed for observations of the
solar photosphere and chromosphere in the
visible and near infrared and equipped with
a high-order adaptive optics. It was inaugura-
ted in 2012 and has started in early 2014 its
“Early Science” phase with access restricted
to the GREGOR partners. At this moment,
there are three post-focus instruments: the
broad-band imager, the GREGOR Fabry-Perot
interferometer (GFPI), and the grating infra-
red spectrograph (GRIS). Members of the So-
lar Department took part in the installation

search work of the Institute astronomers
with the U.S. scientists (e.g. the scientific
participation in Space Research performed
within NASA programs or a continued re-
search done jointly with collaborators at
Massachusetts Institute of Technology or the
Smithsonian Center for Astrophysics). More
recently a promising opportunity has emer-
ged within the Czech Academy and Chinese
Academy of Sciences mutual cooperation
scheme, and we actively pursue this path.
There are even more types of international
collaboration of the Institute and some are
in progress individually by the researchers
themselves as well as by the working groups
of the Institute (see Chapter IX.).
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|. List of Scientific Staff

Department
of Solar Physics

Department
of Stellar Physics

©)

Department Department
of Galaxies and of Interplanetary
Planetary Systems Matter

Pavel Ambroz
(pambroz@asu.cas.cz)

research scientist

Solar magnetic and velocity fields, solar diffe-
rential rotation and meridional circulation. Dy-
namic properties of the solar convection zone
and of the solar atmosphere. Structure of the
solar corona, models of the coronal magnetic
(barta@asu.cas.cz)

field and their temporal variations.

research scientist

Numerical MHD modeling of solar flares and
prominences (solar-flare reconnection, cu-
rrent-sheet dynamics, energy cascades in mag-
netic reconnection, MHS equilibria in promi-
nences), multi-scale modeling of space-plasma
processes. Solar radiophysics (plasma wave dy-
namics, micro-instabilities, radio emission theo-
ry, interpretation of radio bursts). High-per-
formance computing.

(berlicki@asu.cas.cz) ﬂ
research scientist

Solar atmosphere and active events: flares,
prominences, Ellerman bombs, chromospheric
structures; NLTE modeling of the solar atmo-
sphere in flares, prominences and other chro-
mospheric structures.

(bezdek@asu.cas.cz) @
research associate

Celestial mechanics, orbital dynamics of low
earth artificial satellites, modeling of Earth gravi-
ty field, kinematic orbits, orbital resonances, at-

mospheric drag, models of thermospheric den-
sity, use of satellite microaccelerometric data.

Miroslav Barta

Arkadiusz Berlicki

Ales Bezdék

Michal Bilek
(michal.bilek@asu.cas.cz)

PhD student

Missing mass problem, dark matter, modified
gravity, galaxy evolution and

interactions, galaxy photometry.

Jiti Borovicka

(jiri.borovicka@asu.cas.cz)

senior research scientist

Physics of meteor flight in the atmosphere,
meteor spectroscopy, chemical composition,
structure and origin of meteoroids, radiation
of meteor trains, reduction methods for de-
termination of meteor trajectories and light
curves.

(bursa@astro.cas.cz) @
research scientist

Astrophysics of compact objects - black holes
and neutron stars; modeling spectra and varia-
bility of accretion disks in X-rays. Strong gravity
effects on light propagation - ray tracing.
(capek@asu.cas.cz) @
research scientist

Non-gravitational effects on small solar system
bodies (Yarkovsky and YORP effect), thermal
stress and rotation of meteoroids.
(cechura@astro.cas.cz) @
PhD student

Radiation hydrodynamics of circumstellar ma-

tter in the vicinity of binaries and X-ray binari-
es particular

Michal Bursa

David Capek

Jan €echura
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FrantiSek Dinnbier
(fr.dinnbier@seznam.cz)

PhD student

Hydrodynamic simulations of expanding shells
and layers, interstellar medium.
(dovciak@astro.cas.cz) @
research scientist

Astrophysical processes around black holes, X-
-ray spectroscopy of active galactic nuclei and
microquasars of general relativistic models for
XSPEC.

(jaroslav.dudik@asu.cas.cz) a
research scientist

Physics of the solar corona and flares, spec-
troscopy, plasma diagnostics, non-Maxwellian
distributions, synthesis of optically thin spect-
ra, magnetic field extrapolation and topology,
prominence magnetic fields, modeling coronal
active region emission, slipping magnetic reco-
nnection.

(elena@asu.cas.cz) a
research scientist

Physics of the solar corona, ionization and
excitation equilibrium in the solar corona for
the non-thermal electron distributions. Solar
flares and analysis of their magnetic topology.
Spectroscopic  diagnostics, computations of
magnetic fields in solar corona from photo-
spheric measurements, coronal emission mo-
deling.

(ivana.ebrova@asu.cas.cz) @
postdoctorand

Galaxies with fine structures, shell galaxies,
dwarf spheroidal galaxies in the Local Group,
cluster galaxies - galactic kinematics, dynamical
friction, dark matter distribution in galaxies,
mergers of galaxies, tidal interactions (N-body
simulations, test-particle simulations, analytical

and semi-analytical calculations, cosmological
context).

Michal Dov¢éiak

Jaroslav Dudik

Elena Dziféakova

Ivana Ebrova

Sona Ehlerova
(sona@ig.cas.cz)

research scientist

Interstellar medium, HI shells and supershells
(automatic detection algorithm, statistical stu-
die of shells in the Milky Way, numerical simula-
(ffarnik@asu.cas.cz)

tions), star formation.
research scientist emeritus
X-ray emission of solar flares — instrumental

aspects of X-ray detection, analysis of observa-
tional data from broad-band detectors and

telescopes.

Frantisek Farnik

Adrian Galad
(agalad@pobox.sk)
research scientist
Physical properties of asteroids in the inner
part of the Solar System, photometry of aste-
roids.

(gunar@asu.cas.cz) a
research scientist

Solar prominences: multi-dimensional non-LTE
radiative transfer, modeling of synthetical spect-
ra.

(had@sunstel.asu.cas.cz) @
senior research scientist

Stellar atmospheres; classical and relativistic
radiative transfer, disentangling of multiple-star
spectra; dynamics and appearance of accretion
discs; history of medieval and renaissance ast-
ronomy.

(hamersky@asu.cas.cz) @
PhD student

Magnetohydrodynamic simulations in general

relativity. Study of accretion torus and accreti-
on flow in the vicinity of a black hole.

Stanislav Gunar

Petr Hadrava

Jaroslav Hamersky



Petr Heinzel ﬂ
(pheinzel@asu.cas.cz)

senior research scientist

Active events in the solar atmosphere. Non-
-LTE radiative transfer: multi-level problems,
partial frequency redistribution, 2D-transfer.
Structure and dynamics of the chromosphere
and flares, physics of isolated plasma structures.
Time-dependent non-LTE problems in radiati-
on hydrodynamics, energy balance, heating me-
chanisms. Spectral diagnostics and analysis with
semi-empirical models.
(petr.hellinger@asu.cas.cz) a
research scientist

Nonlinear phenomena in space plasmas, colli-
sionless shocks, kinetic instabilities; numerical
simulations and theoretical modeling.
(ftom@monoceros.physics.muni.cz)
postdoctorand

Asteroid collisions, impact processes, rotatio-
nal dynamics, binary asteroid dynamics and ti-
des, asteroid photometry and astrometry.
(hercik@asu.cas.cz) a
research engineer

Data analysis from numerical simulations and
in situ observations of space plasma, H/W de-
velopment for space instrumentation - magne-
tometers.

(anthony.herve@asu.cas.cz)

postdoctorand

band to IR. Massive stars in clusters.

research scientist

and polarization of X-rays from compact ob-

Spectral analyses of massive stars O-type, WR,
Jiri Horak

Relativistic astrophysics of compact sources,
jects.

Petr Hellinger
Tomas Henych

David Hercik
Anthony Hervé

LBVs. Multi wavelenght analyses from X-ray
(horak@astro.cas.cz)
oscillation of relativistic fluid tori, variability

Miroslav Horky
(miroslav.horky@asu.cas.cz)

PhD student

Particle-In-Cell simulations of space plasmas
and development of PIC code for simulations
of dusty plasmas.

(vhudcova@asu.cas.cz)
research engineer

Computer engineering support for projects
in satellite/space astronomy, in high energy as-
trophysics, and related fields such as robotic
telescopes and analyses of archival data. ESA

INTEGRAL OMC ISOC pointing software and
operations. Related citizen science and involve-
(rhudec@asu.cas.cz)

ment of schools and scholars.

research scientist

High energy astrophysics with emphasis on
multi-spectral analyses and eruptive processes
in cosmic plasma. Gamma ray bursts, galactic
and extragalactic X-ray and gamma-ray sour-
ces. Searches for counterparts at optical wave-
length. Analyses of evolution and emission me-
chanisms. Design and development and design
of X-ray optics and X-ray telescopes for space
as well as laboratory applications.
(jachym@ig.cas.cz) @
research associate

Dynamics and evolution of galaxies in gala-
xy clusters and groups, numerical simulations
(N-body tree/SPH algorithms) of environmental
effects in galaxy clusters (ram pressure stripping,
galaxy harassment, tidal interactions), milli-
meter observations of environmentally affec-
ted galaxies.

(petr.jelinek@asu.cas.cz) a
postdoctorand

Physics of the solar corona, waves and oscillati-

ons. Numerical MHD simulations of wave and
oscillatory processes in the solar atmosphere.

Véra Hudcova

René Hudec

Pavel Jachym

Petr Jelinek
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Karel Jiricka
(jiricka@asu.cas.cz)

research engineer

Solar radio flares, instrumentation for radio as-
tronomy (low-noise receivers, data acquisition
systems, etc), analysis, processing, and archiving
(bruno@ig.cas.cz)

of radioastronomical data.

research scientist

Dynamics and evolution of galaxies, N-body si-
mulations, spectroscopy.

(jurcak@asu.cas.cz)

research scientist

Magnetic fine structure and velocity fields in
sunspots, analyses of high spatial resolution

spectroscopy and spectropolarimetry.

Bruno Jungwiert

Jan Jurcéak

Petr Kabath
(petr.kabath@asu.cas.cz)

research scientist

Extrasolar planets, exoplantery atmospheres,
detection of extrasolar planets. Instrumentati-
on, photometry, spectroscopy. Space missions,
CoRoT, Plato.

(vladimir.karas@cuni.cz) @
director of the institute

Relativistic astrophysics; radiation processes in
strong gravity and the applications to active ga-
lactic nuclei and Galactic black holes.
(karlicky@asu.cas.cz) m
senior research scientist

Evolution of solar flare loops, magnetic field
reconnection, hard X-ray emission, polarizati-
on of optical chromospheric lines. Solar radio
bursts on metric to microwave wavelengths.
Langmuir waves in plasma, tearing and coa-
lescence processes in flare current sheets, so-
lutions of Zakharov equations, particle beams,

return currents. Numerical modeling with par-
ticle, hybrid and MHD codes.

Vliadimir Karas

Marian Karlicky

Jana Kasparova
(kasparov@asu.cas.cz)

research scientist

Solar flares: non-LTE radiative transfer, analysis
of optical and hard X-ray spectra.
(kawka@sunstel.asu.cas.cz)

research scientist

Evolution, atmospheric properties of white
dwarfs, and their distribution within our Gala-
xy, close binary systems: their evolution, orbital
parameters and atmospheric properties of the

components stars. Spectroscopic and photo-
metric observations in the optical and ultravio-
(jklokocn@asu.cas.cz)

let of white dwarfs and close binaries.

research scientist emeritus

Satellite dynamics, orbit determination from
observations, gravity field of the Earth, orbital
resonances, navigation for applied satellites, sa-

tellite (crossover) altimetry, tests of accuracy
of gravity field models, gradiometry.

Adéla Kawka

Jaroslav Kloko¢énik

Miroslav Klvana
(mklvana@asu.cas.cz)
research scientist
Magnetic and velocity fields in solar active re-
gions and quiet photosphere (observations,
interpretation, and modeling), instrumentation,
data processing.

(kopacek@ig.cas.cz) @
postdoctorand

Dynamics of charged particles in the vicinity
of magnetized compact objects, deterministic
chaos in relativistic systems, magnetospheres
of accreting black hole systems.
(koten@asu.cas.cz)

research scientist

Photometry, light curves and physical structu-
re of faint video meteors, models of meteo-
roids, double station observations of meteors,

trajectory computation, image processing of
video meteors, automation of the observati-

Ondrej Kopacek

Pavel Koten



on and data processing, meteor streams iden-
Lenka Kotkova
(lenka@asu.cas.cz)

tification.

research engineer

CCD spectroscopy and photometry, telescope
operation, data acquisition, reduction and ana-
lyses, development and maintaining of various
databases.

(pkotrc@asu.cas.cz) ﬂ
research scientist

Solar atmosphere, flares, surges, prominences,
coronal loops, spectral observation and analy-
sis, diagnostics of solar activity phenomena, so-
lar corona, eclipses of the Sun, instrumentation.
(koubsky@sunstel.asu.cas.cz)
research scientist emeritus

Early-type stars, close binaries, Be stars, astro-
nomical techniques.

(kraus@sunstel.asu.cas.cz)

research scientist

Winds and circumstellar disks of hot stars; Be

and B[e] stars; ionization structure calculations
in distorted winds; modeling forbidden emission

Pavel Kotré¢

Pavel Koubsky

Michaela Kraus

lines from winds and disks, and the spectral ener-
gy distribution of flat, flared and outflowing dusty
disks; evolution of massive stars and evolutionary
connections between their evolved phases.

Jiri Kubat
(kubat@sunstel.asu.cas.cz)

senior research scientist

Radiative transfer, theory of stellar atmosphe-
res, calculation of model stellar atmospheres,
line profiles, NLTE physics, dynamics of stellar
winds.

Brankica Kubatova
(brankica.kubatova@asu.cas.cz)

postdoctorand

Theory of radiative transfer and stellar atmo-

spheres of hot stars; Studying effect of wind
inhomogeneities (i.e. clumping) on wind model

predictions; Monte-Carlo simulations; Modeling
of stellar spectra and determination of stellar
(devaky@ig.cas.cz)

and wind parameters.

postdoctorand

Galactic center science: flare modelling of Sgr
A*, ISM, modelling of Galactic structure, radio
interferometry and IR observations.
(peter@asu.cas.cz)

research engineer

Photometry of asteroids. Observations at D65
and DK154 telescopes. Processing and analysis
of obtained and incoming photometry data for
main-belt, NEAs and binary asteroids.
(grigorios.maravelias@asu.cas.cz)
postdoctorand

Circumstellar environment of hot stars; evolu-
tion of massive stars; High-Mass X-ray binari-
es; stellar populations in our Galaxy and Local

Group.
S

Devaky Kunneriath

Peter Kusnirak
Grigorios Maravelias

Frederic Marin
(frederic.marin@asu.cas.cz)
postdoctorand

Broadband (near IR, optical, UV, X-ray) spectro-
polarimetric simulations of high energy sources:
Galactic center; active galactic nuclei,gamma ray
binaries. Convener of the Galactic center group
for the ESA's pre-selected project XIPE.
(hana@asu.cas.cz) B
research scientist

Solar flares, radio radiation, data analysis, stati-
stical methods. Impulsively generated magneto-
acoustic waves in the solar coronal loops and
(nickeler@asu.cas.cz)

analysis of radio and X-rays data.
research associate
Stationary ideal and non-ideal MHD flows of

large scale stellar winds (astrospheres/helio-
sphere) and solar flows, solutions of nonlinear

Hana Meszarosova

Dieter Nickeler
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MHD equations, theory of magnetic reconnec-
tion and magnetic topology.

Ivana Orlitova @
(ivana@sirrah.troja.mff.cuni.cz)

postdoctorand

Narrow-line regions of active galaxies, kinema-
tics and excitation of gas.

(palous@ig.cas.cz) @
senior research scientist

Dynamics and evolution of galaxies; star for-

mation, winds and mass recycling; shells, super-
-shells and filaments; gas stripping, formation of
(peresty@asu.cas.cz)

star clusters; gravitational instability.
research engineer

Microgravity environment, accelerometry, non-
-gravitational forces, artificial satellite dynamics.
(polasek@asu.cas.cz)

research engineer

High-energy astrophysics, data reductions, op-
tics, testing and development of innovative X-
-ray and optical CCD telescopes of apertures.
(ppravec@asu.cas.cz)

senior research scientist

Physical properties of asteroids, photometry
and astrometry of asteroids and comets, dis-
coveries, recoveries and follow-up of both new
and old poorly observed asteroids.
(simone.recchi@asu.cas.cz) @
postdoctorand

Chemodynamical simulations. Formation and

evolution of star clusters. Multiple stellar popu-
lations in globular clusters. Initial mass function.
(ron@ig.cas.cz)

research scientist

Astrometry, PZT observations and their analy-

Jan Palous

Radek Peresty

Cyril Polasek

Petr Pravec

Simone Recchi

Cyril Ron

sis, Earth orientation parameters (EOP) from
optical astrometry and combination of the
EOP series derived from different techniques,
geophysical excitations of the Earth rotation.
(josef.sebera@fsv.cvut.cz) @
postdoctorand

Earth's gravity field determination by terres-
trial and space techniques (satellite altimetry/
(shrbeny@asu.cas.cz)

gradiometry).
postdoctorand
Physics of bright photographic meteors, measu-

rements of all-sky images.

Josef Sebera

Lukas Shrbeny

Petr Scheirich
(petr.scheirich@centrum.cz)
postdoctorand

Modeling of binary and tumbling asteroids from

photometric data.

Pavol Schwartz
(schwartz@asu.cas.cz)
research associate
Non-LTE study of the solar filaments and pro-
minences, EUV spectroscopy of small-scale
chromospheric structures, reduction of the
data from SoHO/CDS and SoHO/SUMER
spectrographs and from instruments of Hinode
satelite.

(msobotka@asu.cas.cz) m
senior research scientist

Sunspots, fine structure and velocity fields in
solar photosphere, high spatial resolution pho-
tometry and spectroscopy, image processing,
time-series analysis, instrumentation.
(sochora@astro.cas.cz)

research engineer

Radiation processes in strong gravity and their

applications to active galactic nuclei and Galac-
tic black holes.

Michal Sobotka

Vjaceslav Sochora



Pavel Spurny
(spurny@asu.cas.cz)

senior research scientist

Physics of meteor flight in the atmosphere, com-
putations of meteor orbits and trajectories,
prediction of meteorites impact positions, ra-
diation of meteors at very high altitudes, re-
duction methods for determination of meteor
trajectories, high resolution light curves of fire-
balls from AFO radiometers, double station te-
levision observations of meteors.
(jiri.svoboda@asu.cas.cz) @
postdoctorand

Effects of strong gravitational field acting on ra-
diation near compact objects, X-ray spectro-
SCopy.

(ondrej.sebek@asu.cas.cz) ﬂ
PhD student

Plasma interactions at satellites of outer plane-
ts, kinetic effects, numerical (hybrid) modeling
and data analysis.

(ssimbero@asu.cas.cz) a
research associate

Digital image processing in astronomy and astro-
physics; pattern recognition - image fusion, con-
textual classification, feature selection, classi-
fier performance, filtration. Image enhancement
and restoration - multispectral image analysis and

reconstruction, texture synthesis, geometric
transformation, probabilistic relaxation, multi-
channel blind deconvolution.
(simon@asu.cas.cz)
research scientist

High energy astrophysics. Long-term activi-
ty and eruptive processes of accreting com-
pact objects; relations of the character of or-
bital modulation to the long-term activity.
Afterglows of gamma-ray bursts (GRBs), super-
nova - GRB connections, implications for the

environment in the host galaxies of GRBs.
CCD photometry, data analysis and evaluation.

Jifi Svoboda

Ondrej Sebek

Stanislava Simberova

Vojtéch Simon

Petr Skoda
(skoda@sunstel.asu.cas.cz)

research scientist

CCD spectroscopy, data acquisition and reduc-
tion, telescope instrumentation, computational
astrophysics, astronomical databases and archi-
ves and the Virtual Observatory.
(slechta@sunstel.asu.cas.cz)

research associate

Observational and computational astronomy,
CCD data acquisition and reduction. History of
(stepan@asu.cas.cz)

natural sciences and astronomy.

research scientist

Non-LTE polarized radiative transfer, atomic
processes, chromospheric magnetic fields, solar

flares, software development.

Miroslav Slechta
Jiri Stépan

Rostislav Stork
(stork@asu.cas.cz)

research associate

TV observation of faint meteors.

Jan Strobl
(strobl@asu.cas.cz)

research engineer

Cataclysmic variable stars — multispectral ana-
lysis, high-energy X-ray & gamma-ray sources
data analysis, CCD sky monitors and related
(stverak@ig.cas.cz)

data analyses and interpretations.
postdoctorand

Non-thermal properties of particle distribu-
tions in space plasmas, H/W development of
plasma diagnostic tools (Langmuir probes), nu-
merical modeling and data analysis, simulations

of collisionless plasmas.

Stépan Stverak

Michal Svanda

(michal@astronomie.cz)

research scientist

Inversion methods for local helioseismology,
travel-time measurements, velocity and magne-
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tic fields in solar photosphere, large-volume
data processing.

Adam Tichy
(adamtichy@sunstel.asu.cas.cz)

PhD student

Stellar atmosphere modelling, especially radiati-
on in stellar winds. Statistical thermodynamics
used in stellar atmospheres.
(sanja.tomic@asu.cas.cz)

PhD student

Spectroscopic observations of B supergiants,
analysis of spectroscopic time-series using as-
teroseismic tools, identification of pulsation
periods, role of pulsations in triggering stellar
mass loss, influence of pulsations on spectral
appearance of evolved massive stars.
(trav@alenka.ufa.cas.cz) m
research scientist

Kinetic simulations (hybrid/Vlasov codes) of
collisionless plasmas, kinetic processes in the
interaction between plasma flows and planets
and moons, temperature anisotropy driven in-
stabilities in the solar wind and Earth‘s magne-
tosheath, shocks in collisionless plasmas.
(audrey.trova@asu.cas.cz)

postdoctorand

Theory of self-gravitating fluid discs and tori,
including effects of small electric charge.
(vandas@asu.cas.cz)

senior research scientist

Magnetohydrodynamic simulations of interpla-

netary disturbances, acceleration of electrons
by shock waves, magnetic clouds in the solar
(varady@asu.cas.cz)

wind.
research associate

Solar flares and coronal loops. Numerical mo-
deling of their hydrodynamics, electromagne-

Sanja Tomic

Pavel Travnic¢ek

Audrey Trova

Marek Vandas

Michal Varady

tic emission, transfer and dissipation of ener-
gy of high energy particle beams in solar at-
mosphere, modeling of solar flares combined
with radiative transfer. EUV and soft X-ray
observations and diagnostics of high energy
particle beams.

(vennes@sunstel.asu.cas.cz)

senior research scientist

Stellar evolution, white dwarfs, evolved binaries;
Computational astrophysics, radiative transfer
and convective transport in stellar atmosphe-

res, diffusion, stellar opacities; Data analysis,
spectroscopic and photometric surveys and
(vojacek@asu.cas.cz)

databases, stellar parameters.
PhD student

Photometry, light curves, physical structure, tra-
jectory computation and image processing of
faint video meteors. Spectroscopy and physics
of meteor flight in atmosphere.
(vondrak@ig.cas.cz) @
research scientist emeritus

Reference frames, Earth rotation and its inter-
action with geophysical excitations, polar moti-
on, precession-nutation, astrometry, ephemeris
astronomy.

(votruba@sunstel.asu.cas.cz)
research scientist

Radiation hydrodynamics, theory of radiatively
driven stellar winds from hot stars, multicom-
ponent stellar wind, numerical simulations, va-
rious type of instabilities in stellar wind, nonli-
near dynamics.

(jan.vrastil@asu.cas.cz)
PhD student

Rotation of asteroids, gravitational and non-gra-

vitational effects, photometry of asteroids and
variable stars.

Stephane Vennes

Vlastimil Vojacek

JanVondrak

Viktor Votruba

JanVrastil



Richard Wiinsch
(richard.wunsch@matfyz.cz)

research scientist

Radiation-hydrodynamic simulations,self-gra-
vity, grid-based codes; interstellar matter, star
formation, expanding shells and supershells;
planet formation, protoplanetary discs, lay-
ered discs; super star clusters, thermal insta-
bility.

(michal.zamazal@asu.cas.cz)

research engineer

Solar Orbiter STIX and RPW power supply
circuits design, simulation documentation,

Michal Zamazal

testsand measurements. It also includes de-
sign and realization of the bench setup and
hardware including special tools and electro-
nic instruments for the power supplies tes-
ting.

(kulinova@asu.cas.cz) m
research associate

Solar flares, spectroscopic diagnostics - soft
X-ray spectra, diagnostics of the non-thermal
distributions in the corona and the transition
region, data processing (satellite and groun-
dbased), participating on the developemnent
of Solar Optical Robotic Telescope.

Alena Zemanova
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6.2 Personal Awards

Following employees of the Institute received individual awards in 2013-2015:

- F &l s = L f 1
. e \ ‘ .. A g L & TEa
Miroslav Bdrta received  Jifi Borovicka received the Jaroslav Dudik was awar-  Petr Heinzel was awar-
the Academy of Sciences  Kopal lecture granted by ~ ded the Premium of Otto  ded the Honorary Medal
Award for excellend scien-  the Czech Astronomical ~ Wichterle from Academy of Ernst Mach of
tific results in his research  Society for the significant  of Sciences of the Czech Academy of Sciences
of the solar eruptions  results in the field of inter- Republic for studying the of the Czech Republic for

(2013). planetary matter (2014).  solar corona (2014). his mertis in the physics
of the Sun (20135).

Maridn Karlicky received  Frederic Marin received  Jan Palou$ was awarded  Petr Pravec recieved the
the Academy of Sciences  Jan Fri¢ Award from the  the Medal of the Academy Kopal lecture granted by
Award and the FrantiSek  Institute for his work in  of Sciences of the Czech  the Czech Astronomical
Nusl Award of the Czech  study of active galaxy Republic (2014) and the  Society for the significant

Astronomical Society for cores (2014). FrantiSek Nusl Award of the  results in the field of
significant scientific results Czech Astronomical Society  interplanetary matter
in his research of the (20135) for his mertis in the (2015).
solar physics (2013). physical sciences.

Jifi Svoboda received Jifi St&pdn was awarded  Michal Svanda received  Ondrej Kopdéek recieved
Jan Fri¢ Award from the the Premium of Otto the Academy of Sciences Jan Fri¢ Award from
Institute for his work in ~ Wichterle from Academy  Award for young resear-  the Institute for his work
cosmology and study of  of Sciences of the Czech  chers for research of new in study of black hole
the black holes (2013). Republic for studying helioseismic methods magnetospheres
electromagnetic radiation (2014). (2015).
(2013).



6.3. Supervision of PhD Theses

On the basis of an agreement with the Faculty
of Mathematics and Physics of Charles Univer-
sity, Prague, the Astronomical Institute parti-
cipates in the undergraduate study programs
of Astronomy and Astrophysics and on Plasma
Physics. The Institute, along with the Faculty, is
also responsible for PhD-study program on
Theoretical Physics, Astronomy and Astro-
physics. Students of some other universities
(including Masaryk University, Brno) are also
supervised by researchers from the Astrono-
mical Institute.

PhD Theses Supervised by Researchers
of the Institute

Almasi M. (Masaryk University, Brno),
supervisor S.Ehlerova.

Bartoskova K. (Masaryk University, Brno),
supervisor B. Jungwiert.

Bilek M. (Charles University, Prague),
supervisor B. Jungwiert.

Cechura ). (Charles University, Prague),
supervisor P. Hadrava.

Dinnbier F. (Charles University, Prague),
supervisor R.Wiinsch.

Dolezalova B. (Masaryk University, Brno),
supervisor J. Kubat.

Dvoidkova S. (Masaryk University, Brno),
supervisor P. Koubsky.

Ebrova I. (Charles University, Prague),
supervisor B. Jungwiert.

Fisak J. (Masaryk University, Brno),
supervisor J. Kubat.

Hamersky J. (Charles University, Prague),
supervisor V. Karas.

Henych T. (Masaryk University, Brno),
supervisor P. Pravec.

Herc¢ik D. (Czech Technical University,
Prague),
supervisor P. Travnicek.

Jandk Z. (Masaryk University, Brno),
supervisor V. Votruba.

Janekova L. (Masaryk University, Brno),
supervisor B.Jungwiert.

Jerabkova T. (Masaryk University, Brno),
supervisor V. Votruba.

Jilek M. (Technical Unieversity, Prague),
supervisor P. Travnicek.

Krizek M. (Charles University, Prague),
supervisor B. Jungwiert.

Laifr J. (Czech Technical University, Prague),
supervisor P. Travnicek.

Mackovjak S. (Comenius University, Bratisla-
va, Slovakia),
supervisor E. Dzif¢dkova.

Matéchova L. (Masaryk University, Brno),
supervisor V. Votruba

Muratore M. F. (University of La Plata,
Argentina),
supervisor M. Kraus.

Oklesték J. (Masaryk University, Brno),
supervisor J. Koubsky.

Skala ). (J. E. Purkyn& University, Usti nad
Labem),

supervisor M. Barta.

Skala P. (Czech Technical University, Prague),
supersivor R. Hudec.

Sidorin V. (Charles University, Prague),
supervisor |.Palous.

SochoraV. (Charles University, Prague),
supervisor V. Karas.

Sebek O. (Czech Technical University,
Prague),

supervisor P. Travnicek.

Sejnova K. (Masaryk University, Brno),
supervisor V. Votruba.

Tichy A. (Masaryk University, Brno),
supervisor J. Kubdt.

Tomi¢ S. (Charles University, Prague),
supervisor M. Kraus.

Vazny |. (Masaryk University, Brno),
supervisor P. Skoda.

Vojaéek V. (Charles University, Prague),
supervisor J. Borovicka.

Zychova L. (Masaryk University, Brno),
supervisor S. Ehlerova.
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PhD Theses successfuly defended under
the scientific supervision by researchers
of the Astronomical Institute

Cechura J.: Physics of X-ray Binaries

(2014, Charles University, Prague; supervisor
P. Hadrava)

Abstract: We present a novel observation
interpreting method for the high-mass X-ray
binaries (HMXBs) based on a combination
of spectroscopic data and numerical results
of a radiation hydrodynamic model of stellar
wind in HMXBs. By using an indirect imaging
method of Doppler tomography, we calculate
synthetic tomograms of a predicted emission
in Low/Hard and High/Soft X-ray states and
compare them with tomograms produced
using phase-resolved optical spectra of Cygnus
X-1, a prototype of HMXBs. The emis- sions
of HMXBs are determined by the local condi-
tions within the circumstellar medium - name-
ly by local density, temperature, and ionization
parameter. These quantities are computed by
the radiation hydrodynamic code and strongly

depend on the X-ray state of such systems.

By increasing intensity of an X-ray emission
produced by the compact companion in the
HMXB-model, we achieved a complete redis-
tribution of the circumstel- lar medium in the
vicinity of the modelled system.These changes
(which simulate the transitions between two
major spectral states) are also apparent in the
synthetic Doppler tomograms which are in

a good agreement with the observational data.

Ebrova l.: Shell galaxies: kinematical
signature of shells, satellite galaxy
disruption and dynamical friction

(2013, Charles University, Prague; supervisor
B. Jungwiert)

Abstract: Stellar shells observed in many
giant elliptical and lenticular as well as a few
spiral and dwarf galaxies presumably result
from radial minor mergers of galaxies. We
show that the line-of-sight velocity distributi-
on of the shells has a quadruple-peaked shape.
We found simple analytical expressions that
connect the positions of the four peaks of the
line profile with the mass distribution of the

galaxy, namely, the circular velocity at the gi-
ven shell radius and the propagation velocity
of the shell. The analytical expressions were
applied to a test-particle simulation of a radial
minor merger, and the potential of the simu-
lated host galaxy was successfully recovered.
Shell kinematics can thus become an indepen-
dent tool to determine the content and dis-
tribution of dark matter in shell galaxies up to
~100 kpc from the center of the host galaxy.
Moreover we investigate the dynamical fric-
tion and gradual disruption of the cannibalized
galaxy during the shell formation in the frame-
work of a simulation with test particles. The
coupling of both effects can considerably re-
distribute positions and luminosities of shells.
Neglecting them can lead to significant errors
in attempts to date the merger in observed
shell galaxies.

Hamersky ).: Astrophysical processes
near a galactic centre

(2015, Charles University, Prague; supervisor
V. Karas)

Abstract: An accretion torus is an important
astrophysical phenomenon which is believed
to account for various features of mass inflow
and release of radiation on diverse scales near
stellar-mass as well as supermassive black ho-
les. When the stationary torus is perturbed
it starts to oscillate and once some part of
the torus overflows the closed equipotential
surface, defined by the stationary solution,
this material is accreted or ejected. These
oscillations reveal both spacetime properties
and the intrinsic characteristics of the torus
model. We study the oscillation and accreti-
on properties of geometrically thick accretion
tori using general relativistic magnetohydro-
dynamic simulations.We discuss the impact of
the presence of the large scale magnetic field
and the profile of the specific angular momen-
tum on the oscillation properties and on the
accretion flow motion.

Henych T.: Excitation of asteroid
rotations through impacts

(2013, Masaryk University, Brno; supervisor
P. Pravec)



Abstract: Most asteroids are found to be
in principal axis rotation states.There is, ho-
wever, a group of asteroids, called tumblers,
which are in an excited state of rotation,i.e.,
freely precessing. This is indicated by their
complex, two-periodic, lightcurves and also
by radar measurements of the first confir-
med and also the best described tumbler,
4179 Toutatis. A damping of the excited ro-
tation is rather fast in most asteroids which
explains why we observe most of them in
a basic rotation state. A question arises on
how were the asteroids excited. There are
two major mechanisms to explain this, colli-
sions and a torque related to Yarkovsky—O’-
Keefe—Radzievskii-Paddack (YORP) effect.
In the thesis we describe an analytical mo-
del we constructed to verify the plausibility
of the collisional mechanism of the excita-
tion of asteroid rotation. The main features
of the model are the scaling laws used for
calculation of the impact crater dimensions
and the angular momentum transfer efficien-
cy based on laboratory impact experiments.
After the collision, a rotational lightcurve is
generated for the simulated asteroid and
we judge if the tumbling is detectable by the
standard photometric analysis. We found
that large subcatastrophic collisions are
a plausible mechanism to excite rotations of
small slowly rotating asteroids. The rotatio-
nal axis misalignment is used as a measure of
tumbling magnitude. Tumbling begins to be
detectable for the misalignment angle larger
than ~15 degrees with high accuracy data.
We also found that the result of a collision
can be simply described by the ratio of the
orbital angular momentum (mainly carried
by the projectile) and the rotational angular
momentum of the target. We derived a re-
lation between this ratio and the rotational
axis misalignment. In addition, we compared
the specific impact energy of the collision to
the threshold energy which would already
cause a serious damage to the asteroid.We
found that asteroids as small as ~ 100 m can
have excited rotation by collision without
being damaged. Finally, we discuss our re-
sults and describe further work to be done

to understand the processes that excite
asteroid rotations.

Hercik D.: Planetary investigation
by global numerical simulations:
Study of Hermean environment

(2014, Czech Technical University, Prague; su-
pervisor P. Travnicek)

Abstract:The thesis is based on the data ana-
lysis of hybrid numerical simulations of solar
wind interaction with the Hermean magne-
tosphere. The main aim is to provide a global
picture of the resulting magnetosphere, its
structure, features, and highlight some pro-
cesses within. Magnetosphere of Mercury is
smaller than the terrestrial one, however, it
seems to exhibit similar features and behavi-
our. Different scale (temporal and spatial) pla-
ys role in the enhancement of significance of
kinetic effects on the processes as well as on
the global magnetospheric structure. Hybrid
simulations are suitable for kinetic effects stu-
dy as the proton kinetics is implemented into
the code. Six simulations, varying in the ori-
entation of the Interplanetary Magnetic Field
(IMF), are analysed and compared. It shows
a large influence of the IMF orientation on the
magnetospheric structure. The comparison of
these simulations is provided within the the-
sis. Via summarization of the Earth’s magne-
tospheric features in the first part, the compa-
rison with observed results is given.

Mackovjak S.: Diagnostics of the
non-Maxwellian distributions in the
solar corona and transition region

(2014, Comenius University, Bratislava, Slova-
kia; supervisor E. Dzif¢dkova)

Abstract: The non-Maxwellian K-distribu-
tions have been detected in various space
plasmas, including solar wind. However, no
evidence of their presence in the solar co-
rona has been found yet. The PhD thesis is
focused on diagnostics of K-distributions
of electrons in the solar corona and tran-
sition region using spectroscopic data. The
diagnostic methods were proposed by Dzi-
féakova and Kulinova (2010) for spectral
lines of iron ions. These methods are in PhD
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thesis extended using lines of other ions. Lines
suitable for diagnostics of K, as well as den-
sity and temperature were selected. A speciali-
zed observation for the Hinode/EIS instrument
were prepared and carried out. This dataset is
analyzed and diagnosed parameters of coronal
plasma are presented and discussed. The dia-
gnosed results shown that the investigated
plasma is unlikely to be Maxwellian. The diffe-
rential emission measure (DEM) of different
solar regions were investigated and the in uen-
ce of K-distribution to the DEM were shown.
For lower K, the peaks of the DEMs are typi-
cally shifted to higher temperatures and the
DEMs themselves become more wider. The
PhD thesis provides straightforward analysis
from theoretical diagnostic method to appli-
cation on obtained data.The presented results
challenge the traditional Maxwellian analysis of
coronal observations. The PhD Thesis Report
offers a short introduction to the K-distributi-
ons and the summary of the most important
results of the the PhD thesis.

Sochora V.: Astrophysical processes
near compact objects: studying extre-
mal energy shifts from accretion rings

(2013, Charles University, Prague; supervisor
V. Karas)

Abstract: The X-ray emission from inner
regions of an accretion disk around black ho-
les provides wealth of information about ma-
tter in extreme conditions.A spectral profile
of radiation from a narrow circular ring has
a characteristic double-horn profile. Red and
blue peaks of the profile are close to the
extremal values of the energy shift. We de-
scribe a useful approach to calculate the ex-
tremal energy shifts in the regime of strong
gravity. We discuss if the radial structure of
the disk emission could be reconstructed
using extremal energy shifts of the individual
rings. For this purpose, we simulate artifici-
al data from a bright active galactic nucleus
and show that the required sensitivity and
energy resolution can be reached with the
proposed LOFT mission.

6.4. Participation in Editorial and Advisory Boards

V. Bumba: honorary member of the Editorial Board of Solar Physics.

M. Dov¢iak: member of the Advisory board for Cosmic Research at MEYS.

P. Hadrava: vice-president of the Editorial board of CAS (until 2013); member

of the Editorial board of “Déjiny védy a techniky” (History of Sciences and technology).

P. Heinzel: member of the Editorial Board of Solar Physics.

V. Karas: member of the Advisory Board for Classical and Quantum Gravity.

M. Karlicky: member of the Editorial Board of Solar Physics; member of the Editorial Board

of Contributions of the Astronomical Observatory Skalnaté Pleso.

J. Kleczek: honorary member of the Editorial Board of Solar Physics.

P. Kotré: member of the Editorial Board of Central European Astrophysical Bulletin.

J. Kubat: member of the Editorial Board of Astronomy & Astrophysics; member of Editorial

advisory board of the Bulgarian Astronomical Journal.

C. Ron: member of the Editorial board of the Romanian Astronomical Journal and

of their Geoinformatics FCE CTU.

J.VYondrak: member of the Editorial Board of Contributions of the Astronomical
Observatory Skalnaté Pleso; member of the Editorial Board of Serbian Astronomical Journal;

member of the Editorial Board of Astropis.



6.5 Scientific Staff Involved in Inter-
national Organizations

The following scientists employed at the
Astronomical Institute are (or were) mem-
bers of the International Astronomical
Union in last two years:

P. Ambroz, M. Barta, ]. Borovi¢ka,V. Bumba,
M. Bursa, D. (v:apek, M. Dov¢iak, E. Dzif-
¢akova, S. Ehlerova, F Farnik, S. Gunar,
P. Hadrava, P. Heinzel, J. Horak, R. Hudec,
P. Jachym, B. Jungwiert, . Jur¢dk, P. Kabath,
V. Karas, M. Karlicky, J. Kasparova, A. Ka-
wka, J. Kleczek, J. Kloko¢nik, M. Klvana,
D. Kor¢akova, P. Koten, P. Kotr¢, P. Koubsky,
M. Kraus, . Kubat, H. Mészarosova, D. Nic-
keler, J. Palous, P. Pecina, L. Perek, P. Pravec,
C.Ron, L. Shrbeny, P.Scheirich, P. Schwartz,
M. Sobotka, P. Spurny, Z. Sima, V. Simon,
P. Skoda, M. Slechta, J. §tépén, M. Svanda,
M.Vandas, S.Vennes, ]. Vondrak, V. Votruba,
R.Wiinsch

Involvement of scientists from the
Institute in other important interna-
tional organizations

Committee on Space Research (COSPAR),
European Astronomical Society (EAS),
American Astronomical Society (AAS),
Royal Astronomical Society (RAS), Euro-
pean Geophysical Union (EGU), American
Geophysical Union (AGU), International
Association of Geodesy (IAG) and the
International Union of Geodesy and Geo-
physics (IUGG), European Association for
Solar Telescopes (EAST), Council of Re-
search Institute for Geodesy, Topography,
and Cartography (CRIGTC), European
Space Agency (ESA), Czech National As-
tronomical Committee of International
Astronomical Union (CNAC IAU), Euro-
pean Solar Physics (ESPD), Community
of European Solar Radio Astronomers
(CESTRA), Joint Organization for Solar
Observations (JOSO), Committee on Ra-

dio Astronomy Frequencies (CRAF), In-
ternational Union of Radio Science (URSI),
International Association for Pattern Re-
cognition (IAPR), Scientific Committee
on Solar-Terrestrial Physics (SCOSTEP),
Czech and Slovak Pattern Recognition
Society (CSPRS), European Southern Ob-
servatory (ESO), National Aeronautics
and Space Administration (NASA) etc.
The involvement in these and other orga-
nizations is given in the following list of
activities of individuals.

P. Ambroz: member of Czech National
Committee of SCOSTEP.

M. Barta: board member of CESTRA,
member of Czech National Committee of
SCOSTEP and member of team of Czech
node of ESO/EU ALMA Regional Center.
R. BrajSa: member of team of Czech
node of ESO/EU ALMA Regional Center.
J. Borovicka: vice-president of the Co-
mmission Meteors, Meteorites, and Inter-
planetary Dust of the IAU and member
of EAS.

V. Bumba: member of EAS.

M. Dovciak: member of XMM-Newton
AO-13 panel for reviewing the ESA’s
XMM-Newton observational proposals;
co-chair of the science working group for
the ESA’s Athena mission (launch in 2028).
F. Farnik: member of Science program
Committee of ESA; member of Czech Na-
tional Committee of COSPAR.

P. Hadrava: member of CHAMA (Com-
mission for History of Ancient and Medie-
val Astronomy IUHPS), Comisssion CI9
Astrophysics IUPAP IUPAP, ASTRONET
and ELTSRC.

P. Heinzel: member of Czech Commi-
ttee PRODEX and the Science Program
Committee of ESA, Czech National Ast-
ronomical Committee of IAU, Czech Na-
tional Committee of COSPAR; member
of EAS.
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R. Hudec: Member of AAAS and SPIE.
K. Jifi€ka: national representative mem-
ber of URSI and European Science Foun-
dation of CRAF; member of Committee
on Radio Astronomy Frequencies (CRAF)
of the European Science Foundation
(ESF).

B. Jungwiert: member of AAS and EAS.
V. Karas: member and Chairman of the
Time Allocation Committee Panel for
ESA's XMM-Newton and a member of
the Evaluation Panel for European Re-
search Council‘s Starting Grants; mem-
ber of RAS, The International Society on
General Relativity and Gravitation, Ame-
rican Astronomical Society.

M. Karlicky: member of Czech National
Astronomical Committee of IAU and co-
-leader of team of Czech node of ESO/
EU ALMA Regional Center; member
of the Executive committee of WISER
(World Institute for Space Environment
Research, University of Adelaide). Co-le-
ader of WISER Research Working Group
on Sun/Heliosphere.

A. Kawka: member of Observing Pro-
grammes Committee for the ESO and
representative member of the Users Co-
mmittee for the ESO, chair of the Czech
time the ESO/MPG 2.2-m telescope at La
Silla in Chile; member of the Astronomi-
cal Society of Australia (MASA); repre-
sentative member of the ESO User Com-
mittee.

J. Kloko¢nik: member of COSPAR, IAG/
IUGG, EGU,AGU.

P. Koten: member of Task Group on
Meteor Shower Nomenclature of Com-
mission Meteors, Meteorites and Inter-
planetary Dust of the IAU.

P. Kotré¢: national representative mem-
ber of JOSO.

M. Kraus: member of the German Phy-
sical Society (DPG); member of the Ger-
man Astronomical Society (AG).

H. Mészarosova: member of Advisory
Group Space of EU: Horizon 2020; mem-
ber of the European Physics Society (EPS);
representative member of the European
Solar Physics Division (ESPD).

D. Nickeler: member of the German
Astronomical Society (AG).

J. Palous: vice-president of the IAU and
member of the scientific board of the
Centre de Données Stellaires; member of
RAS; member of Royal Society of Edin-
burgh.

L. Perek: associate member of the Royal
Astronomical Society since 1970;member
of the Deutsche Akademie der Naturfor-
scher Leopoldina since 1975; member of
the International Institute of Space Law
since 1977, member of its Board of Di-
rectors 1996-2006; member of the Inter-
national Academy of Astronautics since
1977; advisor to its President 2002-2006;
honorary member of the Academie Na-
tionale de I‘Air et de |‘Espace, Toulouse,
since 1994, and member of EAS.

P. Pravec: member of the Organizing
Committee of Commission Positions &
Motions of Minor Planets, Comets & Sa-
tellites and a member of panel C of the
Observing Proposal Committee of the
ESO; member of the Division of Planetary
Sciences of the AAS and member of the
Spaceguard Foundation.

C. Ron: member of the CRIGTC. Coun-
cil of Research Institute for Geodesy, To-
pography, and Cartography.
M. Sobotka: national
member of EAST.
Z.Sima:since 1995 member of the Inter-
national Geoid Service, Special Working
Group of the GSFC/DMA and member
of Special Commission SC3 — Fundamen-
tal Astrogeodetic Constants of the I1AG/
IUGG; Inter-Commission Committee on
Planetary Geodesy of IAG/IUGG; also
member of Scientific Instrument Society.

representative



Member of Societa Astronomica Italiana.

S. Simberova: national representative
member of IAPR-TCI3 and president of
CSPRS.

P.Travnicek: member of AGU.

M. Vandas: since 2000 member of
COSPAR Scientific Commission D (Spa-
ce Plasmas in the Solar System, including
Planetary Magnetospheres) to IAU Liai-
son, since 2002 member and since 2008
secretary of the National Committee of
SCOSTEP.

6.6 Visitors of the Institute

S. Vennes: representative member of
the Scientific Technical Committee for
the ESO; consultant for NASA proposal
selection committees and Fellow of the
Astronomical Society of Australia (FASA).
J. Yondrak: member of the Organizing
Committee of IAU Commission 4 —
Ephemerides.

V. Votruba: member of technical team
in the GAIA satellite wide international.
P. Koubsky: member of technical team
in the GAIA satellite wide international.

Each year we host number of scholars, postdocs and students from all over the world
who came to spend their time working with colleagues at our Institute. Here we pre-
sent the list of scientists who visited us in 2013-2014:

Name Country Days
Abe S. Japan 3
AlemdnT. Spain I3
Altyntsev A.T. Russia 20
Andersen . Denmark 7
Andre P France 4
Andreani P Germany 4
Anzer U. Germany 14
Araudo A. Argentina 7
Aret A. Estonia 27
Barunina I. Russia 9
Bereznoj A. Russia 106
BisbasT. England 6
Borkar A. Germany 8
Brajsa R. Croatia 4
Bucha B. Slovakia I'l
Calderdén P Chile 8
Cidale L. Argentina 16
Clark P Germany 6
Colas F. France 4
Comeron F. Chile 4
Czerny B. Poland 10

Name Country Days
Capanov . Bulgaria 14
Dadhich N. India 3
Dale J. Germany 70
Demleiner M. Germany 3
Dincic |. Serbia 19
Done Ch. England 9
Du}. China 7
Dudik J. England Il
Eckort A. Germany 4
Egal A. France 4
Elmegreen B. G. USA 5
Elshaer A.S.A. E. Egypt 14
Epitropakis A. Greece 19
Eppelbaum L. V. Izrael 7
Fernandes M. B. Brazil 8
Fukui Y. Japan 5
Geng L. China 7
Gilles M. France 6
Girichidis P Germany 8
Gomory P Slovakia 17
Gonzéles M. S. Mexiko 12
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Name Country Days
Goosmann R. France 6
Granada A. Swiss 5
Gunér S. England 4
Guttenbrunner S. Austria 5
Haid S. Germany 7
Hamann W.R. Germany 4
Hamedivafa H. Iran 14
Hameury .M. France 8
Chapanov J. Bulgaria 15
llie N. Serbia 20
lliev L. Bulgaria 29
Ivanov E. Russia 23
Janjes Serbia 20
Jejci¢ Slovenia 30
Jilkova L. Netherlands 4
Juany J. China 30
Kabath P Chile 12
Kahraman F Poland 12
Karssen G. Germany 19
Kartashova A. Russia I5
Kashapova L. Russia 14
Khorrami Z. France 14
Koppen J. France 63
Kornos L. Slovakia 2
Kosti¢ P Serbia 19
Kroupa P Germany 5
Kupriyanova E. Russia 9
Kuprjakov J. Russia 287
Kuznétsov A. Russia 30
Kuznetsov S. Russia 8
Kylafis N. Greece 22
Kyung Kwon M. France 4
Lai D. USA 7
Laing R. Germany 2
Leedjarv L. Estonia 7
Lemmerer B. Austria 13
Li S. China 7
Lindflab O. Sweden 5

Name Country [DEWH
Liu D. China 7
Liu F. China 7
Liu W. USA 4
Mackovjak S. Slovakia 27
Maceta D. Serbia 7
Marin F. France 82
Matlovi¢ P Slovakia 5
Matt G. Italy 4
Maximov VA Russia 9
Meshalkina N.S. Russia 60
Morgachev A. Russia I5
Mozgova A. Ukraine 9
Muracov A. Russia 8
Muratore M.F. Argentina 105
Muratova N. Russia I5
Naletto G. [taly 2
Nastala J. Poland 5
Niemczura E. Poland 39
Oksala M. France 5
Olsson E. Sweden 34
Olsson E. Sweden 7
Oni¢ D. Serbia 5
Orlitova I. Swiss 3
Papadakis I. Greece 3
Parsa M. Germany 6
Peissker F. Germany 14
Petrovic |. Serbia 19
Piantschitsch I. Austria 13
Pirkovic I. Serbia 19
Radosavljevic I. Serbia 20
Radovic¢ V. Serbia 9
Radziszewski K. Poland 10
Ragan S. Germany 6
Remillard R. USA 6
Rosen A. USA 8
Rozanska A. Swiss 19
Rudawska R. Slovakia 2
Rybak J. Slovakia 18




Name Country Days
Zeid I. Egypt 14
Zhang W. China 27
Zhang Y. China 30
Zhdanov D. Russia 6
Zwaan M. Germany 4
Ziton-Mutioz C. Spain 5

Name Country Days
Sharikov S. Mexiko 19
ShenarT. Germany 12
Shum C.K. USA 4
Schaerer D. Swiss 2
Schmieder B. France 50
Sijie’Y. China 7
Silich S. Mexiko I3
Smiljani¢ S. Serbia 20
Smith R. Chile 8
Stankovic M. Serbia 19
SuC. China 7
Susino R. Italy 3
Sych R. Russia 16
TagleT.G. Mexiko 37
Tan B. China 78
Tan Ch. China 29
Taylor R. USA 4
Testi L. Germany 2
Tomic S. Serbia 14
Toth ). Slovakia 8
Trova A. France 59
TsapY. Russia 8
Uttley P Netherlands 2
Utz D. Austria 16
Vallverdu R. E. Argentina 31
Vaubaillon J. France

Velovi¢ V. Serbia 19
Vieira R.S. Brazil 5
Wade G. Kanada 5
Walch S. Germany 12
Wang W. China 7
Weigelt M. Luxembourg 3
Whitworth A. England 16
Yan'Y. China 7
Yan Zhen China 14
YuW. China 10
Yu Wenfei China 12
Zapior M. Poland 20
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Photos: Archive of the Institute, NASA, ESO, ESA,Vlastimil Vojacek, Petr Horalek

Front Page: A bright bolide Zd’ar nad Sizavou captured on December 9th, 2014 by a camera at Cervena hora
station of the European Fireball Network.The -15 absolute magnitude bolide was observed by thousands of
eyewitnesses over large part of central Europe and two small fresh meteorite fragments were soon located
during dedicated search within 100m of the predicted location for given mass thanks to very precise records
of its atmospheric trajectory.
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