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The Astronomical Institute of the
Czech Academy of Sciences is a Pub-
lic Research Institution engaged in
professional scientific research in
the fields of astronomy, astrophysics
and space 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 projects
and supervise in several doctoral
programmes that are accredited by
the Ministry of Education, Youth and
Sports of the Czech Republic to teach
university students to pursue origi-
nal exploration in astronomy and
astrophysics, theoretical physics,
and plasma physics.

The Institute is among the old-
est scientific institutions in the coun-

Left: The solar radiotelescope and a decorative
sculpture in the Observatory Arboretum.

try. It is the direct successor of the
Observatory of the Jesuit College, lo-
cated in the tower of the Clementinum
in Prague, where scientific observa-
tions started in 1722. Visitors inter-
ested in history of science can tour
one of the largest European building
complexes occupying two hectares
near Charles Bridge. Astronomical
Tower offers a beautiful view of the
Old 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
keeping measurements were carried
out till the 19* century and two wall
quadrants and unique instruments re-
main on display to date.

Along a parallel line of history, in
1898, a private observatory owned
by Josef Jan Fri¢ was founded in
Ondrejov village, 35 km southeast of
Prague. In 1928 this small observa-
tory was donated to the state and the
Prague University, and then gradu-
ally expanded to its current state of
the largest professional observatory
in the country. The two establish-
ments merged in 1953 within the State
Astronomical Observatory to cre-
ate the Astronomical Institute, since
then belonging to the Academy of
Sciences. Individual visitors and or-
ganized groups are welcome to visit
the historical site of the Ondfejov
Observatory.

- Vladimir Karas,

the Director of the Astronomical
Institute, in the Ondrejov
Observatory, 1t July 2020
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FOREWORD

Nowadays, the Institute emerges as
a modern public organization involved
in a rich set of international projects
across Europe and worldwide. On
the national level the Institute car-
ries out the major part of research in
astronomy and astrophysics in the
Czech Republic. During the recent two
decades the international collabora-
tion of the Institute has been greatly
expanded and it currently represents
a significant part of its research activi-
ties, including a close cooperation with
the European Southern Observatory
(ESO), the European Space Agency
(ESA), the International Astronomical
Union (IAU) and other important bod-
ies where we are full members. The
Institute represents the Czech astro-
nomical community in the European
professional journal of Astronomy and
Astrophysics.

Centuries ago, astronomy was the
first of classical sciences that had
developed an observational basis
to verify and, eventually, falsify our
theories about the processes shap-
ing cosmic bodies and the Universe
as a whole. To this end, the develop-
ment of highly sophisticated instru-
mentation has been crucial, as this al-
lows astronomers to carry out precise
observations and quantify and record
results. However, along with the em-
pirical approach, equally important
has been the tight relationship with
mathematics that provides the basis
for deeper understanding of the ori-
gin 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 technology.

Modern astronomy combines the
cutting-edge technology of innova-
tive engineering solutions for highly
complex optical systems and space
devices with the popular culture and
citizen science, where the general
public is engaged in research. The
Institute contributes actively to all
these roles especially through its in-
ternational involvement in European
Southern Observatory and European
Space Agency, but also on the national
level by cooperating with the Czech
Astronomical Society and coordinat-
ing the Czech National Committee on
Astronomy.

Through the involvement in ESO,
the Czech Republic has joined the am-
bitious project of European Extremely
Large Telescope (E-ELT). With the main
mirror consisting of 1000 segments, in
total 42 metres across, the instrument
will collect almost 20 times more light
than any current telescope and it will
be able to resolve 17 times sharper im-
agesthan the Hubble Space Telescope.
The shape of the mirror surface has to
be extremely precise with the rough-
ness less than 10 nanometers. Once
the construction of E-ELT is complet-
ed, it will have a major impact on our
understanding of the Universe, includ-
ing the most distant objects and the
processes shaping the evolution of the
Cosmos. During all phases - the de-
sign, construction, operation, as well
as data reduction and interpretation
- astronomy requires highly trained
professionals with deep knowledge,
technical skills, and maximum dedica-
tion and enthusiasm.

Students of astronomy are trained
in mathematical methods, theoretical
and experimental physics, comput-
ing and informatics, as well as modern
technology. They have to be; otherwise
a continuous flood of discoveries would
quickly fade away. However, discover-



A new building of ASU in Prague.

ies in astronomy cannot be planned. In
fact, nowhere in science any attempt of
perfect planning of next steps has ever
worked. Instead, serendipity is what
defines future directions for those
who are prepared to recognize newly
emerging opportunities. The discovery
of cosmic microwave background ra-
diation is a clear-cut example of an in-
cidental finding which shaped our view
of the cosmic history by supporting the
hypothesis of the Big Bang.
Understanding how the 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 motivation for the
endless effort of astronomers. It also
motivates new generations to learn
and creates an enormous interest
of general public. But does the basic
research in astronomy also provide
some kind of direct benefit to the so-
ciety? 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 involvement in the
ESA's scientific space mission of Solar
Orbiter that was launched in 2020.

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 research that
had started several decades ago and
helped to develop techniques of trans-
mitting, compressing, detecting and
decoding weak signals. Besides other
applications this laid basis to the mo-
dern wireless technology.

The construction of ever bigger tel-
escopes and ever more sensitive de-
tectors is motivated by an unending
hunt for photons from the most dis-
tant galaxies, quasars and other faint
objects. Clearly this is useful and rel-
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evant in numerous other areas of tech-
nology development far away from
astronomy. Astronomers realized the
importance of charge-coupled devices
(CCD) for imaging and these detec-
tors are now present in all digital cam-
eras. Likewise, active optics has been
greatly improved in recent years in or-
der to achieve amazingly sharp images
and removing the degrading effect of
atmosphere; 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 enormously accelerated
and heated by overwhelming gravita-
tional 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 wave-
length of this radiation is so short that
ordinary telescopes that are suitable
for much longer wavelengths of opti-
cal light cannot focus it. Astronomers
have mastered techniques of X-
ray imaging as well as high-disper-
sion studies of grating spectra. This
knowledge is useful in a variety of ap-
plications ranging from medicine to
security.

One could continue endlessly dis-
cussing everyday applications of as-
tronomical research. However, the few
above-given examples should help us
to understand that, indeed, basic re-
search in astronomy creates valuable
knowledge and experience.

Motivated by curiosity, fundamental
research is equally useful as the search
for solutions to specific problems: not
only that the basic science provided
foundations to all electronics including
computers, transportation including
rockets and satellites, communication
technology including the Internet, and
so on, but even more importantly it
creates deep cultural connections and
gives us a broad perspective about the
Cosmos which surrounds us. Indeed,
Heinrich Hertz did not discover elec-
tromagnetic 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 sat-
ellites are essential for the astronomical
research, as well as the whole science,
as without them the purely speculative
approach risks losing its directions.




At the Astronomical Institute we
participate in the effort to reveal fun-
damental facts about our Universe
and its diverse constituents includ-
ing our Sun and billions of other suns
in the Milky Way and distant galaxies,
planets and small bodies of the Solar
System, as well as enigmatic black
holes and neutron stars. We do it be-
cause we recognize these topics asim-
mensely important and also because
we are confident that our research, like
any other high-quality basic research,
is equally useful for our society as the
search for direct solutions to practical
tasks of everyday life.

The Institute scientists have continued
to collaborate in numerous ongoingin-
ternational projects that are financed
by the Czech Ministry of Education,
Youth and Sports, the Czech Science
Foundation, the European Union and
other bodies and agencies. Recently,
several large-scale EU FP7 and FP9
grants were successfully completed.
In 2019 the Astronomical Institute

hosted a number of celebrations re-
membering the 100* anniversary of

the International Astronomical Union.
Among the outcome of these activities
and panel discussions the formulation
of the roadmap for Czech astronomy
has been particularly useful for our re-
search field.

While celebrating its 125 anniver-
sary in 2015, The Czech Academy of
Sciences formulated and implemented
a visionary New Strategy "AV21". The
Astronomical Institute contributes to
this ambitious endeavour in the area of
space missions (aimed to support the
participation of Czech scientists and
industry), cosmic hazards (namely, by
studying risks from near-Earth objects
and exploring potentially dangerous
asteroids), and the space weather
(the impact of Solar activity on life of
individuals and the entire civilization
of the Earth). We wish to work further
towards expanding the astrophysics
subjects to include more of our es-
sential research areas, in particular,
the technologically demanding Space
Exploration, as well as the synergic
overlap with Astroparticle Physics that
appears so highly relevant to address
fundamental open questions of today.

The afternoon sun shines above the historical
domes of the Ondfejov Observatory.
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Research in Astronomy and Astro-
physics has a long and internation-
ally recognized tradition in the Czech
Republic, formerly Czechoslovakia. The
Astronomical Institute of the Academy
of Sciences of the Czech Republic (the
“Institute”, abbreviated as ASU here-
after) is the largest scientific institu-
tion in the field, also involved in edu-
cational activities and supervision of
students in the country. The Institute
is traditionally active in solar physics,
stellar and galactic astrophysics, and
studies of interplanetary matter. Four
Science Departments represent active
research directions. These are led by
Senior Research Scientists.

The Astronomical Institute of the
Academy of Sciences of the Czech
Republic is the foremost Public
Research Organisation (vefejna vyz-
kumna instituce - v. v. i.) in the field.
Its major part is located in the village
of Ondfejov southeast of Prague,
where it operates the largest Czech
optical telescope and a variety of oth-
er instruments. Part of the Institute is
placed in a detached section Prague.
While the Organizational Structure
of the Institute has been stabilized
since the major reorganization in the
early 1990s and an update in 2005,
there exists a procedure involving
the Director and the Institute Council
which allows for modifications to be
considered in case it might turn out
to be desirable and substantiated.
Two new working groups have re-
cently been established to pursue
exoplanetary research and to develop
radio astronomical techniques.

The Institute is one of the oldest
scientific institutions in the Czech

Left: An aerial view of the dome of the Perek
2m Telescope (left) and the Stellar Department
building (right) at the Ondrejov Observatory.
(© Jaroslav Hordk)

lands, and it is a modern scientific
institution. As a direct successor of
Prague Clementinum, the Ondfejov
Observatory was originally estab-
lished by Doctor J. J. Fri¢ as a private
observatory situated near the village
of Ondfejov back in 1898. Since then
it has been gradually developed to its
current role as a significant player in
the Czech scientific environment.

The Institute profile, its research
activities and basic results and finan-
cial operation are described in Annual
Reports, which have a structure de-
fined by legal requirements, and in
Activity Reports published bi-annually
(English Edition). Further information
can be found in Annual Reports of the
Academy of Sciences (available in both
Czech and English Editions). Finally,
the Institute has a renewed website
(http://www.asu.cas.cz), which is also
dedicated to the general public and
youth.

InfourScienceDepartments(Teams)
the research staff of the Astronomical
Institute is primarily engaged in solar
physics, stellar physics, meteors and
asteroids, and galaxies and extraga-
lactic objects. As the main academic
institute in the field of Astronomy and
Astrophysics in the Czech Republic,
we examine the objects and the ef-
fects from the immediate vicinity of
the Earth to the remote Universe.
A variety of instruments is in daily use
at the Observatory for different kinds
of investigations and observational
programmes, suitably selected for the
local conditions. The Institute oper-
ates the largest telescope in the Czech
Republic - the Perek 2m Telescope.
The other instruments are mainly de-
voted to photometry of asteroids mul-
tichannel spectroscopy for monitoring
solar flares, solar patrol service pro-
gramme and solar radio monitoring,
a photographic zenith telescope, a ro-
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botic telescope for recording the opti-
cal counterparts of gamma-ray bursts
within the network, and automated
cameras to track bolides.

Steadily growing impact of scien-
tific publications of the Institute’s re-
searchers can be seen in the bottom
figure. Let us note that for Phase | of
this Evaluation (bibliometrics) we se-
lected only a fraction of relevant pub-
lications where the role of our scien-
tists is clearly demonstrated by their
leading position on the list of authors.
However, our scientists frequently join
large consortia, where the Institute
contributes in cooperation with many
other international institutions. This
is particularly important in prepara-
tions for space missions (e.g. White
Papers on proposed satellites, often
with hundreds of co-authors). In these
cases, the authorship is less visible,
nevertheless, such activities are also
highly important for the future devel-
opment of Astronomy and its techno-
logical basis.

A strong aspect of the Institute
performance is its extensive interna-
tional collaboration. Regardless of the
difficulties in establishing internation-
al contacts before 1989, the Institute
is now internationally recognized as
theleadingresearch organizationinthe
field of Astronomy and Astrophysics.
Since the General Assembly of the
International Astronomical Union
(IAU) in Prague in 2006, the Institute
has organised numerous international
meetingsand symposia.Inparticular,in
a close cooperation with the European
Astronomical Society, European Week
of Astronomy and Space Science was
held in Prague 2017.

In 2008 the Czech Republic be-
came a regular member of the
European Space Agency (ESA). This
membership was a successful ending
of long-lasting negotiations with ESA
representatives and preparation on
the Czech side. During that prepara-
tory period scientists of the Institute
helped with organizational matters

Numbers of yearly citations (since 1973) to scientific papers published by the authors with the In-
stitute affiliation. The steadily growing tendency demonstrates an increasing international impact
of the astronomers working in the Institute. (source: Web of Science)
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The building of Cosmic Laboratory hosts the headquarters of the Astronomical Institute at the site
of the Ondfejov Observatory.

related to space research. Since then
the Institute has been playing a vis-
ible 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 represent-
atives 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 Academy of Sciences
and in the Coordination Board of the
Ministry of Transportation. The ESA
membership has opened new broad
possibilities especially in the field of
space-related sciences.

Within the European Southern
Observatory (ESO), where the Czech
Republic has been a regular member
since 2007, new opportunities for ob-
servations with the largest telescopes
emerge and ongoing individual pro-
grammes are submitted and carried
out at Paranal and La Silla sites. As

described in a separate section dedi-
cated to large infrastructures, an Ata-
cama Large Millimeter/submillimeter
Array Regional Centre (ARC) has been
situated in the Ondfejov Observatory.
The Institute has signed an agreement
on the usage of the Danish 1.5m tele-
scope for asteroid research and stellar
photometry. Moreover, the Institute
also takes an active role in promoting
all aspects of ESO membership in the
Czech Repubilic, scientific as well as in-
dustrial.

The materials presented in this re-
port provide an update of the corre-
sponding material submitted for the
previous five-year evaluation period
and they maintain similar structure in
order to facilitate an easier compari-
son of the progress achieved in ASU.
The current report was written dur-
ing the developing state of COVID-19
medical emergency; the period cov-
ered here does not include important
changes in the society that we have
to anticipate in the future.
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The scientific life of the Institute is
organized within four Departments.
These are equivalent to Teams for pur-
poses of the present Evaluation:

Department of Solar Physics

Team #1 (the Head Mgr. Miroslav
Barta, Ph.D.) focuses on processes
in both active and quiet solar atmos-
phere. Active processes affect the
entire outer space including the Earth
and its immediate environment (i.e.
the space weather). At the Ondfejov
Observatory, a long-term systematic
study of the Sun in optical and radio
wavelengths of electromagnetic radia-
tion is carried out, and these observa-
tions are supplemented with the data
gained thanks to the international
cooperation from satellites provid-
ing information on solar radiation in
the ultraviolet, X-ray and gamma-ray
bands of the spectrum. Solar flares
and prominences, structure and dy-
namics of the solar atmosphere and
heliosphere, and space weather are
examined. Processes in solar flares
and prominences are numerically
modelled with the particular empha-
sis on the magnetic reconnection and
the particle acceleration mechanisms.
Regions of the Sun at different alti-
tudes are studied in order to under-
stand the interaction between the mo-
tion of plasma and the magnetic field.
The dynamic phenomena of the solar
wind are monitored, especially the
formation and propagation of coronal
mass ejections and their associated
magnetic clouds, as well as the inter-
action of the solar wind with the Solar
System objects.

Department of Stellar Physics

Team #2 (the Head Mgr. Brankica Kuba-
tova, Ph.D.) studies stars, especially
stellar winds and outflows, double and
multiple stars, with the emphasis on
their evolution, interaction and mass ex-
change in close systems. The research
mainly concerns the class of hot stars
(especially the spectral class B). These
are highly luminous bodies, often show-
ing the presence of a circumstellar disc
of accreted material. The formation and
physical characteristics of accretion
disks are not yet satisfactorily explained.
Their research is divided into a practical
study of stellar spectra and a theoretical
investigation of atmospheres and stel-
lar winds using sophisticated numerical
simulations. The studied spectra are ac-
quired by the 2m telescope in Ondrejov
and at other observatories thanks to the
international cooperation (mainly in the
framework of our membership in ESO,
and elsewhere within the collaboration).
The Department also deals with the
study of white dwarfs, their classification
and determination of the basic physi-
cal parameters of the acquired spectra.
More recently a new working group on
exoplanetary research has been estab-
lished. There is also an ongoing research
of galactic and extragalactic cosmic
sources of high-energy radiation in vis-
ible light and in the field of high-energy
radiation, namely, flashes of gamma ra-
diation and their optical afterglows.

Department of the Interplanetary
Matter

Team #3 (the Head RNDr. Pavel Spurny,
CSc.) conducts the research of the small
objects of the Solar System, namely, me-
teoroids and asteroids. The department
studies the interaction of the interplan-
etary objects of various sizes with the
Earth's atmosphere, observes meteors



and works on the theoretical interpreta-
tion of observations. The Team contrib-
utes and employs the European Fireball
Network which was founded by the
Astronomical Institute and continues to
be organized by the Team. It also cooper-
ates in similar activities connected with
bolides observations worldwide. All of
these activities generate highly visible
results - the so-called Meteorites with
genealogy. The observed data are used
for the study of the physical processes
during the meteoroid penetration into
the Earth's atmosphere, which includes
radiation, ionization, and fragmentation.
The physical characteristics and the
chemical composition of various types
of meteoroids are determined, as well as
their origin and distribution in the Solar
System, their relationship to comets,
asteroids and meteorites. Furthermore,
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
and their source regions.

Department of Galaxies and
Planetary Systems

Team #4 (the Head Mgr. Richard
Wiinsch, Ph.D.) studies the evolution
of isolated galaxies, galaxies in groups
and clusters, the formation of stars and
stellar systems. The Team explores the
dynamics of the Milky Way galactic sys-
tem - Magellanic Cloud, also free gas
blown from galaxies due to their move-
ment in the environment and spatially
resolved spectroscopy of galactic nu-
clei. Observations in radio, infrared, ul-
traviolet, and X-ray bands are compared
with the results of analytical models
and computer simulations of gravita-
tional and magnetohydrodynamic proc-
esses. The Team scientists are devoted
to physics of compact objects (neutron

stars and black holes) and study proc-
esses taking place in their vicinity. On
the theory side, within the framework
of the General Theory of Relativity the
characteristics of compact objects are
analysed and modelled, in particular,
the nuclei of the active galaxies, neutron
stars and microquasars. The modelling
of multiwavelength characteristics of
the produced electromagnetic signal is
performed for spectra, polarization and
temporal variability. Furthermore, as
another research line, part of the Team
studies the rotation of the Earth, the
orientation of its axis in space and the
gravitational field.

Further details about the scientific and
educational activities of our Teams are
given in the separate sections that de-
scribe the Departments and Working
groups active in the Institute. Let us note
that the definitions of the four Teams
and their Working groups agree with
the official structure of the Institute, as
listed in its organization chart.

A steadily growing impact of scientific
publications of the Institute’s research-
ers is seen in Figure on p. 12. Let us
note that for Phase | of this Evaluation
(bibliometrics) we selected only a frac-
tion of relevant publications where the
role of our scientists is clearly demon-
strated by their leading position on the
list of authors. However, our scientists
frequently join large consortia, where
the Institute contributes in cooperation
with many other international institu-
tions. This is particularly important in
preparations for space missions (e.g.
White Papers on proposed satellites,
often with hundreds of co-authors). In
these cases, the authorship is less vis-
ible, nevertheless, such activities are
also highly important for the future de-
velopment of Astronomy and its tech-
nological basis.
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Let us note at this point that already
in 2011 ESA approved the Solar Orbiter
(M2-class satellite mission by ESA) and
the work on the satellite construction
started. ASU scientists and technicians
participated in three international con-
sortia to build the scientific payload
instruments METI S (UV coronagraph),
STIX (hard X-ray telescope) and RPW
(in situ radio plasma-wave detector). At
the end of 2019 the instruments were
successfully delivered, tested and in-
tegrated in the satellite and the launch
has been scheduled for February 2020.

The above-mentioned Science De-
partments - Teams are further sub-di-
vided into ten Working Groups in total,
where the actual research activities
are carried out: see the Organizational
Structure of the Institute. The Director
establishes working Groups following
a discussion in the Institute Council.
Each of the Working Groups is led
by a distinguished senior researcher
with a supervision and management
record. A more thorough exposition of
scientific activities and results are thus
given in the description of the individ-
ual Teams elsewhere.

ESO has established one of Euro-
pean ALMA (Atacama Large Millimeter/
submillimeter Array) nodes in Ondfejov,
which provides the expertise mainly
for the solar physics community. The
Institute proposed a new ALMA-CZ
Research Infrastructure in 2014, and it
is currently at a promising stage of ne-
gotiations for funding. The European
ARC (ALMA Regional Centre) has been
formed as a coordinated distributed
network of seven nodes centred around
ESO. One of the nodes is hosted at the
Astronomical Institute of the Academy
of Sciences in Ondfejov. The Czech node
provides services namely in ALMA-re-
lated research in solar physics and labo-
ratory millimetre spectroscopy. In these
areas it serves the ALMA user commu-

nity in the Czech Republic and entire
region of Central and Eastern Europe.
In the solar research with ALMA this ex-
pertise is unique even on the European
scale. Partly it also serves international
community from Brazil and Chile (ALMA
location). The services provided to the
users range from help with proposal
preparation (Phase ), negotiation of
technical details of the project with the
observatory (Phase Il), data reduction
and imaging (QA2) up to help with data
analysis and interpretation. At the same
moment the Czech node helps with
further development of ALMA in com-
missioning of the new solar observing
mode. In fulfilling its tasks, the Czech
node closely collaborates with ESO,
partner nodes in Europe, ARCs at NRAO
and NAOJ, Joint ALMA Observatory
(JAO) and also with academic institu-
tions in the Czech Republic.

The European Fireball Network (EN)
wasestablishedinformerCzechoslovakia
in 1963 and its current updated version
represents the longest continuously op-
erational fireball network in the World. It
consists of four closely cooperating parts
- Czech, German, Slovak and Dutch. The
centre of EN is located in Ondfejov and
the Institute coordinates all its activi-
ties. The most developed part operat-
ed directly by the Institute consists of
fourteen stations in the Czech Republic,
three in Slovakia and one in Austria and
Germany. This core of the network was
completely modernized in the last 6
years and equipped with new instru-
ments for a complex study of bright
meteors. Except fully automated dig-
ital photographic cameras for direct and
spectral observations of fireballs (DAFO
and SDAFO) we also use supplementary
video arrays which provide us with ad-
ditional information about dynamics,
fragmentation and spectral types. For
a detailed fragmentation study we de-
veloped a unique system called Fireball



Intelligent Positioning System (FIPS).
This system consists of a low-resolution
high-sensitivity all-sky video camera,
which monitors the sky and recognizes
moving objects, and a high-resolution
tracking camera with the field of view
of 15°, which is able to reach any posi-
tion in the sky in about one second and
then track the fireball according to the
instructions from the all-sky video. The
fireball fragmentation can be therefore
observed in high resolution starting
about two seconds after the fireball be-
ginning. We significantly participated in
developments of all these sophisticated
instruments. Thisexperimentenables us
to study fireballs to such an extent, pre-
cision and complexness as never before.
Within the scope of this experiment, we
closely cooperate with our colleagues in
Comenius University in Bratislava, and
with several amateur groups active in
Poland, Slovenia, Croatia, Austria and
Hungary. We have continued to use the
double station video observations of
faint meteors. Our goal in this research
has been not only to monitor the activ-
ity of known meteor showers but also
to look for unexpected events. In case
of predicted outbursts or enhanced ac-
tivity we promptly adjust our observa-
tional programme. For this purpose, we
use an automatic double station MAIA
camera as well as original manual video
cameras.

Furthermore, we study rotational
properties of asteroid pairs. Recently,
we measured 35 pairs with our tech-
nique of time-resolved photometry.
Most data were taken with the Tm tele-
scope at Wise Observatory, Israel, and
the 1.54m Danish telescope at La Silla,
Chile. We derived their primary spin
and mass, and we found a strong cor-
relation between the square of prima-
ry spin frequency and the mass ratio.
Also, the 0.65m Ondfejov photometric
telescope has been refurbished and

it is remotely controlled and works in
a semi-automatic mode. It is used for
photometry of asteroids in the vicinity
of the Earth and in their source regions
in the asteroid main belt. It serves as
a supplementary instrument for the
1.54m Danish telescope at ESO's La
Silla station, within our project on non-
gravitational processes in asteroids.

The Solar Activity Monitoring and
Forecasting unit (see the website
http://www.asu.cas.cz/~sunwatch/)
provides regular solar observations in
the white light and the Ha line. It uses
three small full-disc telescopes for
drawings, white light, and Ha and two
20cm telescopes for imaging of active
regionsin the photosphere and Ha chro-
mosphere. The results are shared with-
in the International Space Environment
Service (ISES) as a part of the Regional
warning Centre Prague (station No.
31516), and the Solar influences Data
Centre (SIDC) in Brussels. In addition to
solar observations, the unit collects all
the accessible data on the actual state
of solar activity. Daily and weekly fore-
casts are compiled. Apart from the sci-
entific usage, these are presented on
the Czech Television as a part of daily
weather forecasts. The solar-activity
forecast, made in Ondrejov since 1978,
is a national service and represents an
integral part of the international space
weather programme.

The Teams of the Institute at the
Ondrejov site as well as abroad pursue
other important programmes. These
include an active involvement in the
recently established EAST (European
Association for Solar Observations)
Organization as well as an active
participation in a large solar project
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
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the Czech solar community to obtain

the leading-edge data. The 1.5m so-

lar 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 Institute

for Astrophysics Gottingen, and the

Max Planck Institute for Solar System

Research in Gottingen as German part-

nersand with theInstituto de Astrofisica

de Canarias and the Astronomical

Institute of the Czech Academy of

Sciences as international partners. The

participation of ASU in this project ena-

bled our scientists to join the large in-
frastructure consortium of the upcom-
ing EST Solar telescope.

The Zeiss Photographic Zenith
Tube (PZT) has been operated and
controlled remotely in a fully automat-
ic mode. PZT is used for monitoring
non-polar and non-tidal deflections of
the local vertical caused by the chang-
es of mass distribution in near and
distant surroundings. To obtain the
full vector of gravity, we complete our
observations of the direction of the
local vertical with the observations
of the gravitational acceleration per-
formed at nearby located absolute and
superconducting gravimeters of the
Geodetic Observatory Pecny. Thanks
to the achieved accuracy of PZT ob-
servations, our instrument can also
serve as a reference station for the
new mobile zenith cameras developed
recently over the world.

Among very frequent domestic co-
operation agreements we can select
the following examples:

- Agreement on scientific collabora-
tionandjointaccreditation of doctor-
alprogrammein Theoretical Physics,
Astronomy and Astrophysics with
Charles University (the Faculty of
Mathematics and Physics)

« Agreement on a scientific collabo-
ration and joint accreditation of
doctoral programme in Theoretical
Physics and Astrophysics with
Masaryk University in Brno (the
Faculty of Science)

+ Agreement with Research Institute
of Geodesy, Topography and Carto-
graphy (Public Research Institution)
in Zdiby about mutual coopera-
tion in Geodesy, Astronomy and
Astrophysics

+ Agreement with the Czech Technical
University in Prague about coopera-
tion in experimental cosmic research

« Agreement with the Institute of
Atmosphere Physics (Public Re-
search Institution) in Prague on
shared use of supercomputing re-
sources

+ Partnership with ESERO Consor-
tium - ESA Education Office in the
Czech Republic

In addition to formal agreements, as
an example of (one of many) successful
scientific results obtained in an informal
cooperation of our researchers, we men-
tion the Press Release from the Gemini
observational programme carried out by
one of our Teams, which has been includ-
ed among Science Highlights and elected
by the Institute Council as among five im-
portant published results (see below).

The above-mentioned agreements
and ongoing supervision of students
prove that the Institute has estab-
lished strong links with universities,
namely those in Prague, Brno, Opava,
Usti nad Labem, Plzefi, and Liberec.
The Ph.D. programme is based on ac-
creditations approved by the Ministry
of Education, Youth and Sports
(MSMT) and mutual agreements about
collaboration with Charles University,
Masaryk University in Brno, and oth-
ers. Scientists are involved in teaching
on the level of Master (“magister”) and



Ph.D. (“doctoral”) programmes. The
Institute has four Full Professors, as
well as Associate Professors (Docent)
and Doctors of Science (DrSc., DSc)
who serve in Doctoral Boards, State
Examination Committees, Science
Councils, and other relevant bodies.

In the frame of the state accredita-
tion system the Institute’s scientists
supervise PhD students who take part
in the ongoing research projects. After
defending their Theses many of these
students find postdoctoral positions
at top research institutions abroad,
thanks to extensive international con-
tacts of the Institute's leading scien-
tists. The Institute runs a postdoctoral
programme which is open to all quali-
fied international applicants (currently,
several Czech and foreign researchers
work at the Institute and some of them
became staff members). The Institute
has been successful in attracting doc-
toral grants and Centres of Excellence
funded by the Grant Agency of the
Czech Republic (previously Center for
Theoretical Astrophysics, followed by
Albert Einstein Center for Gravitation
and Astrophysics). This has enabled
additional funding to our PhD pro-
gramme. The Institute provides the
summer practice and field trips for un-
dergraduate students from schools in
Prague, Brno, as well as from abroad.

International collaboration of the
Institute has been traditionally very
broad, as is reflected by the position
of Director's Deputy for International
Relations in the Institute Management
scheme. Natural focus of the coopera-
tion goes toward European countries
and institutions, which however reach
far beyond the traditional definition
of Europe (for example the European
Southern Observatory is located in

Chile and includes several Southern
American countries). Furthermore,
special projects cover joint research
work of the Institute astronomers with
U.S. scientists (e.g. the scientific par-
ticipationin Space Research performed
within NASA programmes or a con-
tinued research done jointly with col-
laborators at Massachusetts Institute
of Technology or the Smithsonian Cen-
ter for Astrophysics). More recently
a promising opportunity has emerged
within the Czech Academy and the
Chinese Academy of Sciences mutual
cooperation scheme; currently we
closely cooperate on the Phase A/B of
new polarimetry missions.

In addition to the existing inter-
academy agreements, the Institute has
established a frequent international
cooperation and declared Memoranda
of Understanding with relevant insti-
tutions and societies active in Astro-
nomy and Astrophysics worldwide. As
an example, these include:

+ Astronomical Institute of the Slovak

Academy of Sciences
+ Max-Planck-Institut fir Astronomie

in Heidelberg
+ European Southern Observatory
« Hvar Observatory of the University

of Zagreb
« Faculty of Mathematics of the

University of Belgrade
» Fachhochschule Nordwestschweiz

in Windisch
+ Institut fur Physik in Graz
+ Shanghai Astronomical Observatory
+ Niels Bohr Institute in Copenhagen
+ National Astronomical Observatory

of Japan
+ Leibnitz-Institut fur Astrophysik in

Potsdam
+ Physikalische Institute der Univer-

sitdt zu Koln (Cologne)

« Center for Theoretical Physics of
the Polish Academy of Sciences in

Warsaw
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The Career Code of the Czech Aca-
demy of Sciences regulates the po-
sition of the academically educated
workers, whereas the corresponding
labour laws regulate the commence-
ment, changes and the termination of
the employment. The Career Code is
carefully observed at the Institute.

The workers are recruited on the
basis of the tender announced by
the Director of the Institute of the
Academy of Sciences of the Czech
Republic. The recruiting procedure is
regulated by article 51 of the Articles
of Association of the Academy of
Sciences of the Czech Republic. Job
performance, creative activity and
the results of workers are evaluated
regularly. In the evaluation of the
workers, no discrimination on the
grounds of sex, age, origin, religion,
political views etc. must be present.
The workers are, on the basis of eval-
uation results in attestations placed
in the qualification grade. The evalu-
ation result is decisive for the further
career progression and the wage of
the worker. The worker may be at-
tested at the request of the manager
or on his/her own motion.

Workers' remuneration is regulated
by the Internal Wage Regulation in
which wage categories for each quali-
fication grade are specified. Workers
shall comply with the Code of Ethics
for researchers of the Czech Academy
of Sciences.

The Institute provides conditions
for the professional development.
Workers are asked to participate, ac-
cording to their possibilities, in edu-
cation of students and public which is
the main means of increase of the level
of knowledge and its spread. Teaching
is considered an important activity of
the Institute workers.

The Institute Qualification Grades
for the academically educated workers
are defined as follows:

1. Research assistant - a worker with
a completed university degree

2. Graduate student - a worker study-
ing Ph.D.

3. Postdoctoral fellow - a worker who
has acquired Ph.D., Dr. or the equiv-
alent (hereinafter “Ph.D."). Ph.D.
usually works under the leadership
of experienced research workers
and publishes his/her results both
independently and within a creative
team. As Ph.D. one can be catego-
rized for 5 years the longest after
he/she defends his/her Ph.D. de-
gree.

4. Associate scientist/scholar - a work-
er who is not categorized within the
higher qualification grade 5 or 6 after
five years from his/her Ph.D. degree
completion have expired.

5. Scientist/scholar - a worker who
had been granted CSc. degree, aca-
demic degree Ph.D. He/she works
independently, performs exacting
and difficult tasksin his/her scientif-
ic field. He/she regularly publishes
scientific papers in both domestic
and foreign review magazines and
he/she usually is an investigator of
grant or programme projects.

6. Senior scientist/scholar - a worker
fulfilling qualification grade 5 re-
quirements. In addition, he/she
is also a leading scientific person
who significantly takes part in the
development of the specific sci-
entific field in the international
measure. Subject to the approval of
the Czech Academy Coordination
Committee. Senior workers may
acquire an Emeritus Scientist status
as an appreciation of lifelong suc-
cessful scientific work and merits
of development of the Institute or
in the field of science.
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Age structure of the Institute (related to 315t December 2019).

The evaluation (Attestation) of indi-
vidual scientists takes place regularly
at the Institute to ensure a high stand-
ard of research. The principal criterion
is the number and the value of publi-
cations in refereed and impacted jour-
nals, as well as educational and man-
agement activities for the Institute.
The general aim of these attestations
is: to increase the level of scientific ac-
tivities of the Institute; to create the
base for conceptual or rational person-
al policy of the Institute; to compare
the results of the activities of workers
within the qualification grade; to en-
courage the workers to a systematic
professional growth; to provide the
workers a regular opportunity for self-
reflection.

The subject of the evaluation at the
Attestation shall exclusively be a sci-
entific, professional or a pedagogical
activity of a worker. The regular attes-
tations do not apply to: the Director
of the Institute, who is appointed to
the function on the basis of a tender
and whose activity is evaluated by the
Academic Council of the Academy of
Sciences of the Czech Republic in dif-
ferent context or deadlines; Visiting
researchers who are employees of
other domestic or foreign institutes;
Emeritus scientist workers of the
Academy of Sciences of the Czech
Republic; Under the decision of the

Director, also researchers - retiree
who are appointed for the maximum
period of one year.

The evaluation during the Attes-
tation is carried out by the Attestation
Commission appointed by the Director
of the Institute (article 23 sub. 2 of the
Articles of Association of the Academy
of Sciences of the Czech Republic ap-
pendix) after the discussion in the
Council of the Institute (article 11 b)
of the Articles of Association of the
Academy of Sciences of the Czech
Republic appendix). The Attestation
Commission has got at least five mem-
bers and at least one third of them
must not include the employees from
the relevant institute.

The Attestation Commission takes
actions on a yearly basis (it may take
actions more often if needed). It is
possible to establish more Attestation
Commissions at the institutes that
would coordinate their actions.

The Director provides the Regu-
lation (available in writing in Czech
and English language versions) which
has to be approved by the Institute
Council. As the Attestation outcome,
researchers are placed into catego-
ries defined by the mentioned Carrier
System. The top category of leading
scientists requires the approval of
a special committee of the Academy
of Sciences - currently about 20 %
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of our researchers belong to this cat-
egory and most of them have the de-
gree Doctor of Sciences (DSc), which
can be considered as an equivalent of
Research Professor.

Finally, let us note in addition to
the above-mentioned Academy and
Institute-wide regulations, profes-
sional astronomers belong to the
world-wide International Astronomical
Union (IAU). The membership of this
institution (which celebrated the 100t
anniversary in 2019) assumes the ad-
herence to the IAU Code of Conduct,
where the ethics policy and the anti-
harassment procedures are carefully
drafted and agreed.

Following a continued discussion
in the Institute Council the Director’s
office prepares the materials towards
the application for HR Award. The
questionnaires will be initiated in au-
tumn 2020 with the aim of complet-
ing the procedure within a period of
one year. This will add another layer
of proper management of human re-
sources above the current practices.

Strengths, weaknesses and oppor-
tunities go hand in hand. Based on
the long-term performance of the
Institute, several groups are increas-
ingly involved in new space research
projects by ESA. The Institute scien-
tists are members of international
consortia  (Co-Investigators, Lead
Scientists, Members of the Advisory
Boards) of Gaia, Solar Orbiter, Proba 3,
BeppiColombo, and several other mis-
sions (namely, new large missions of
Juice and Athena in future). It is worth
noting that currently, despite their sci-
entific potential, our gradual involve-
ment in ESA space missions suffers
from the lack of competitive compa-

nies and qualified industry for space
sector in the Czech Republic. In such
circumstances the Institute decided
in 2013 to take over the responsibil-
ity by employing several engineers
with prior expertise in space industry.
Since then the development continues
well under the Institute management.
Nevertheless, the Institute's attempts
to hire new technical personnel for
space research are risky and the future
funding is uncertain.

Within ESO, new opportunities
emerge for observations with the most
advanced telescopes. The Institute
has signed a trilateral agreement with
ESO and Copenhagen University to
support the programme of asteroid
research and for stellar photometry.
ESO has established one of European
ALMA nodes in Ondfejov (see else-
where for details). Other opportunities
lie in our active involvement in large
solar ground-based projects GREGOR
and EST.

IT services are satisfactory and
up-to-date. There is an obvious need
of continued upgrade of the system,
and our network managers take care
of the central servers, their perform-
ances, connectivity and upgrade. The
network capabilities of the Ondrejov
Observatory have strongly increased
since the Institute, in a close collabo-
ration with CESNET, received a direct
optical connection to Prague with
the speed of 10 Gbit/sec. Since 2012
the Institute has been covered by
EDUROAM wireless authentication
system.

Permanent access to our Obser-
vatory and computational facilities
(the Perek 2m Telescope, the 0.65m
Photometric telescope, the Solar
spectrograph HSFA2, solar radio tele-
scopes, solar patrol, the Photographic
Zenith Tube, bolide cameras, and com-
puter clusters) enable us to perform



long-term observational projects,
such as asteroid photometry, high-
resolution spectroscopy of bright
stars, observations of fireballs, spec-
troscopic observations of flares and
prominences, solar radio spectra anal-
ysis, and monitoring of solar activity,
as well as the related data analyses.
These prove to be scientifically pro-
ductive. An additional technology, be-
yond our direct capability, is obtained
by means of large international facili-
ties and collaborations.

Light and radio-signal pollution rep-
resents a risk for future observing con-
ditions at the Ondfejov Observatory.
Thiswillnotimproveintheforthcoming
years. The Institute does not plan new
large experiments on its Observatory
campus, but rather intends to keep
running currently used ones and up-
grade them in a sensible manner. The
observational programmes have been
selected so that the light/radio pollu-
tion does not have a significant impact
on them.

In summary, apart from a variety of
external difficulties related to the situ-
ation of basic research in the Czech
Republic, the Institute in its current
status represents a well-established
and productive research facility.

The publication rate in respect-
ed international journals such as
Astronomy & Astrophysics (of which
the Czech Republic is a full member),
The Astrophysical Journal (USA), Solar
Physics, Icarus and others is satisfac-
tory and continuously growing. The
Institute’'s scientists have also pub-
lished papers in the prestigious jour-
nals Nature and Science. Naturally,
there are differences among indi-
vidual researchers, which the inter-
nal Evaluation procedure (individual
Attestations) addresses. The Institute
has extraordinary pedagogical and
public outreach activities. Its gradu-

ally increasing involvement in collab-
orations within ERA is quite evident.
The Institute is the leading organi-
zation in the field of astronomy and
astrophysics in the Czech Republic.
The future of the Institute is guaran-
teed by a continuous inflow of young
professionals, but this will strongly de-
pend on the national funding policy for
research. On the side of the Institute
management, an active policy of edu-
cating the young generation and pro-
cedures for hiring new perspective
scientists are established and applied,
as well as the rules of a gender balance
that have been adopted in agreement
with the national and EU legislation.
Putting this in a mathematical lan-
guage, apart from the role of “bound-
ary and initial conditions”, strengths
and weaknesses of the Institute are
determined by the strengths and
weaknesses of its Teams. A very de-
tailed exposition of these topics can
be found in the following chapters that
describe individual Departments.

The government institutional support
forbasicresearchinthe Czech Republic
is not stable: there exist risks that cre-
ative young scientists will not be able
to come back and will be forced to stay
abroad or move outside the Academy.
In the wake of COVID-19 emergency
we can expect a very turbulent period
where programmes of basic science
will face delays and cancellations.

On one hand, ASU scientists have
been highly active in proposing and
successful in obtaining research grants
from the Czech Science Foundation,
relevant government agencies, as
well as the EU FP7 and Horizon 2020.
On the other hand, the activity within
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the ERC programme still needs to be
expanded. Overall, a significant and
growing fraction of grant funding with
respect to institutional resources pos-
es a risk factor.

The Astronomical Institute is an in-
tegral part of the Czech Academy of
Sciences, and our scientists frequently
serve in Academy Boards and Advisory
Committees. Unlike the problematic
situation in the 1990s (funding-in-
duced reduction of the number of em-
ployees from 246 in 1989 down to 117
in 1995, consequences of which are
still visible in the age structure of the
Institute, see the plot on p. 21), there
is no more a lack of young scientists.
Teams are above the minimum critical
mass, nevertheless, in the long term
some working groups may struggle to
maintain their viable operation.

Female researchers are under-rep-
resented among the scientific staff
of some groups but the balance is
improving, and it is generally more
favourable than in many other Czech
institutions.

The Ondfejov Observatory con-
tinues to be the main site of the
Astronomical Institute. In 2011 a newly
constructed building was opened in
Prague. With its status of the capital
city, government offices and two ma-
jor universities, Prague is a natural cul-
tural, administrative and technologi-
cal centre of the country. The location
well within the city but also in an excel-
lent reach of Ondfejov is what makes
the Prague site an essential and inte-
gral part of the Astronomical Institute.
Nowadays, the Prague site serves as
an important hub along with Ondfejov.
Despite its significant reduction at the
beginning of the 1990s the renewed
workplace in Prague proves to be
an essential link, where researchers
meet with students and small scien-
tific meetings are organized. Students

come to consult with supervisors, of-
ten as a part of their diploma and doc-
toral theses. The Director, the Council,
and the Supervisory Board of the
Institute hold their business meetings
both in Prague and Ondfejov.

The Institute is fully involved in an
international collaboration. The frag-
mentation of research topics might be
considered as a partial risk, while on
the other hand the diversification has
its clear advantages in the fast-chang-
ing environment of current science.
Despite the above-mentioned prevail-
ing uneasy situation of maintaining po-
sitions in research in the country and
in Europe in general, the Institute man-
agement makes all effort to support
the essential directions. For example,
it has been decided to search actively
for new personnel with the expertise
in science fields of radio interferom-
etry (ESO's future ALMA programme)
and space research (ESA's future JUICE
and ATHENA large missions).

Being very active in several ESO and
ESA programmes, the Institute aims
to obtain an external support from
a variety of relevant sources to partici-
pate in maintaining and building large
European facilities, as well as contrib-
uting in ESA space science missions
and the related scientific projects.
During the past years, the Institute
management took great care of mod-
ernizing and robotizing almost all
currently used instruments at the
Ondfejov Observatory and within the
distributed fireball networks. This was
mainly financed thanks to a special pro-
gramme of the Academy of Sciences
for the maintenance of expensive
instruments. However, as said else-



where, due to the decreasing quality
of observing conditions, the Institute
does not rely on building or purchas-
ing any significant instruments for its
main site in Ondfejov.

Concerningthe Space Programmes,
the participation in ESA projects will
provide to the Institute and its scien-
tists a direct access to a new tech-
nology. The participation in the de-
velopment of scientific instruments
increases the competitiveness in the
space area, which then enables the
Institute to be accepted as a reliable
partner in scientific consortia. On the
other hand it must be accepted that
the participation in space projects
is a long-lasting and expensive ad-
venture which does not necessar-
ily provide an immediate output. In
terms of Research, Development and
Innovation Information System of
the Czech Republic the H/W results
of these activities will be submit-
ted at the end of the implementation
phase as functional specimens. The
Astronomical Institute is among the
most active institutions to support the
technological advancement in Space
research in the Czech Republic. We ex-
pect that scientific results in a form of
papers in scientific journals will follow
during the observational phase of the
related space missions for which the
Institute management also actively
seeks financial support.

Considering all these attributes
it was decided that, to even enhance
the international reputation of the
Czech space physics school, our par-
ticipation in crucial space projects is
important and necessary. To support
an ever-increasing amount of space
activities the development teams at
the Institute continue to be extended
and the Institute invests substantial
resources into required laboratory in-
strumentation. Since the very begin-

ning all the space H/W activities at
the Institute have been supported and
financed since the very beginning by
the ESA PRODEX programme, where-
as the scientific personnel is support-
ed by the institutional resources. The
activity of the Institute in the field of
Space projects is fully within the scope
of a newly formulated Czech National
Space Plan, as approved jointly by
the Ministry of Education, Youth and
Sports (MSMT) and the Ministry of
Transportation (MD) of the Czech
Republic.

Concerning the ground-based pro-
grammes, our scientists will continue
taking an active role in proposing and
performing the observational explora-
tions in Chilean sites of ESO, includ-
ing the Very Large Telescope (VLT),
ALMA (Atacama Large Millimeter/sub-
millimeter Array), and E-ELT in more
distant future. ALMA, as the new cut-
ting-edge observational facility for
astrophysics, is constructed and op-
erated in the worldwide international
cooperation. To ensure an efficient
scientific return and support the excel-
lence in research, the main partners in
the ALMA consortium - ESO (Europe),
NRAO (U.S.) and NAOJ (Japan) - have
decided to form a user-support infra-
structure, a network of three ALMA
Regional Centers - ARCs, located at
the respective organizations. In con-
nection with an increasing science
data flow and number of projects to
be served, the Czech node of the EU
ARC will have to increase its capacity.
To accomplish this task a project has
been submitted by the Institute to the
open call of the Ministry of Education
of the Czech Republic for the support
of building and operating Research
Infrastructures in 2014. As a result of
the international peer-review process
the project was unanimously recom-
mended for financing (the expected
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start date was 2016) and the Czech
node of the European ARC is listed
in the updated Roadmap of Research
Infrastructures in the Czech Republic.

Topics on Space programmes and
Hazards from Near-Earth Asteroids
and risks from Cosmic Weather have
been pursued within the Strategy
“Strategie AV21" of the Czech Academy
of Sciences.

In this context, the Institute involve-
ment in EST collaboration will continue
to build a 4-metre class solar tele-
scope located in the Canary Islands to
specialize in high spatial and temporal
resolution using instruments that can
efficiently produce two-dimensional
spectral information about our Sun.
Furthermore, we plan to continue and
further enhance our studies of physi-
cal properties of asteroids. To this end
we intend to utilize primarily the tele-
scope on La Silla, whereas supporting
data will be taken in Ondfejov. We plan
to observe asteroids that are potential
targets for robotic or human missions
that are under preparation. Our pho-
tometric observations will provide key
data, such as their rotational period
and spin state, absolute magnitude
and shape elongation. We plan to col-
laborate with researchers utilizing as-
teroid astrometry data taken by the
Gaia satellite.

We plan to increase the number
of our own fireball stations equipped
with the modern Digital Autonomous
Fireball Observatories (DAFO) and
make thus fireball observations still
more efficient and accurate. We also
plan to extend the observations by
adding all-sky digital bolide spec-
trographs, which are just being de-
veloped, and place them at several
bolide stations together with DAFOs.
One of the goals will be to determine
the physical properties of meteoroids
from individual meteor showers, in

particular meteor showers with parent
bodies classified as asteroids.

The Institute will continue as an ac-
tive player in the scientific life of the
international astronomical commu-
nity. Following a highly successful or-
ganization of many conferences with
international participation in the past
(Notably, the General Assembly of the
International Astronomical Union in
Prague, and various smaller symposia
and workshops), the organization of
the European Week of Astronomy and
Space Science was a great success in
Prague in 2017.

The Institute will also remain ac-
tive at different levels of education in
collaboration with universities and the
regional government in Prague and
Central Bohemia. We successfully ne-
gotiated an update of the Agreements
with the Faculty of Mathematics and
Physics of Charles University and the
Faculty of Natural Sciences of Masaryk
University in Brno about the joint ac-
credited programmes of doctoral (Ph.
D.) studies.

We consider our productive and
active researchers to be the main
strength of the Institute as a whole.
There is an excellent mixture of scien-
tists of all ages. International visitors
and temporary staff from around the
world supplement stable long-term
employees. The Institute manage-
ment and the Director personally are
deeply engaged in all aspects of edu-
cation and supervision of our younger
colleagues, as well as a sensible policy
towards postdoctoral fellows.

The historical part of the original
Observatory continues to serve for
public education, organising tours and
field trips, whereas the modern sci-
entific research is performed at more
recent and modernised facilities of the
Ondrejov Observatory, as well as in an
extensive international cooperation.



New offices in the city of Prague im-
prove the direct contact with universi-
ties to further extend teaching of the
young generation and the public out-
reach.

The Institute pays due attention to the
issues of transfer of knowledge and
technologies and follows the state-
of-the-art guidelines of the Czech
Government and the Czech Academy
of Sciences. In 2015 the Director intro-
duced internal norms that regulate the
approach of scientific, technical and
administrative staff towards the intel-
lectual properties (the text of these
norms is available on the Institute
Intranet). Also, the Director appointed
a position of Secretary for Applications
and Knowledge Transfer, who system-
atically oversees relevant aspects with
the field of Institute activities and iden-
tifies potential issues. ASU thus has in
place internal mechanisms for iden-
tification and administration of intel-
lectual property, both the copyrighted
and industrial property, created at
the Institute. Thanks to these mecha-
nisms, the Institute can identify and
assess the research results with ap-
plication potential in a timely manner.
Moreover, the Institute participates in
the successful programme of knowl-
edge and technology transfer educa-
tion which is organized by CeTTAV
(Center for Transfer of Technologies
of the Czech Academy of Sciences)
and funded from the programmes of
the Czech Ministry of Education, Youth
and Sports.

The main fields of research with
the application potential at the
Astronomical Institute, in which the
transfer of knowledge and technolo-
gies to the Czech society and industry
occurs are:

+ Monitoring and forecasting of space
phenomena with a direct and po-
tentially damaging impact for the
Earth and to society, such as Space
Weather and Geomagnetic Activity
caused by the activity of the Sun,
or the Near-Earth Objects and the
space debris.

+ Close collaboration with the Czech
aerospace industries on the devel-
opment and manufacturing of hard-
ware and software components for
space missions.

+ Development and maintenance of
databases of the observed data
and software for the calibration and
analysis of these data, which are of-
ten accessible by the general pub-
lic under the Open Access licence
policies.

« Public outreach and education for
a wide range of age groups.

During the evaluation period the
main results with the application po-
tential concerned the work of our en-
gineers towards the development of
three instruments for the upcoming
satellite mission of Solar Orbiter. The
devices were successfully delivered
and tested at the end of 2019.

Leading the Strategy AV21
Academy of Sciences programme
“Space for Mankind”

The Astronomical Institute coordi-
nates the inter-institutional research
programme Space for Mankind with-
in the aims of the Strategy AV21 to
strengthen the cooperation between
the scientificcommunity and the tech-
nical teams in the development and
testing of new technologies for Space
research. This includes especially
the spacecraft instruments for direct
exploration of space surroundings
around the Earth, exploration of the
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Sun and planets in the Solar System,
and for astronomical observations,
which are the key elements for deep-
er understanding of the physical na-
ture of matter. The focus is also given
to find synergies between different
institutes of the Czech Academy of

Sciences and to transfer the achieved

technologies to applied physics and

to support the related industrial inno-
vations.

The main goals of the programme
are:

+ toincrease the involvement and co-
operation between the institutes of
the AS CR in Space research

+ to bring new knowledge about the
Earth ionosphere and magneto-
sphere, the Sun, the Solar System
and distant Universe based on
space observations

+ to share the experience achieved
during the development of scien-
tific instruments for space explo-
rations

+ to strengthen connections be-
tween the AS CR and industry

« to inform the public about the
exploration of near and distant
Universe, popularise Space re-
search in relation to the society

The programme currently in-
cludes 11 institutes across the Czech
Academy of Sciences that collaborate
on 11 different research topics. The
Astronomical Institute is the coordi-
nating institute and the topics of the
programme being solved at ASU in-
clude mainly the study of hot and en-
ergetic Universe via X-ray astronomy,
Solar physics, gravitational astronomy,
exoplanet research, the Earth observa-
tion, ground-based observation of the
Universe and collaboration with other
institutes in the programme.

The programme supports suc-
cessful Czech involvement in space

programmes by the European Space

Agency (ESA) that include:

+ Solar Orbiter - this European space
mission to the Sun was success-
fully launched in February 2020.
The spacecraft has 10 scientific in-
struments onboard with 3 having
a hardware and/or software contri-
bution from ASU

+ JUICE - a mission to the icy moons
of the Jupiter to be launched in
2022. The power supply of one sci-
entific instrument was developed
at ASU

« ATHENA (Advanced Telescope for
High Energy Astronomy) - a large
X-ray observatory to study hot and
energetic Universe. In 2019 the
Czech team led by ASU joined the
instrumentation consortium of the
main scientific instrument X-IFU (X-
ray Integral Field Unit)

« eXTP (enhanced X-ray Timing and
Polarimetry) - an X-ray Chinese-
European space mission with an ex-
pected role of ESA, the Czech team
led by ASU will develop Collimator
and Detector Frames for the inno-
vative scientific instrument LAD
(Large Area Detector)

+ PLATO - a mission to study exo-
planets with the goal to discover
an exoplanet with the surrounding
conditions similar to the Earth

« LISA (Laser Interferometer Space
Antenna) - a space-based gravita-
tional-wave observatory

Among the successful activities of
the programme belong the involve-
ment in new space projects (ATHENA,
eXTP, PLATO, LISA, etc.), the organisa-
tion of expert conferences (10 years
of the Czech Republic in ESA, SWARM
workshop), lectures at the Academy of
Sciences and in the Parliament of the
Czech Republic, and public outreach
activities (an exhibition Ad Infinitum



at the AS CR, exhibitions at several sci-
ence festivals including the production
of a 1:4 model of the ATHENA satellite
or an artistic model of a black hole or
a gravitational wave simulator).

In addition to numerous scientific and
educational programmes, the Institute
forms partnerships with regional insti-
tutions in the Czech Republic, in par-
ticular, the Central Bohemian Region
and the Region of Prague, where the
Institute operates its premises, and
also other regions where instruments
are located and Areas of Dark Sky are
introduced. The Astronomical Institute
is the founding member of the Central
Bohemian Innovation Centre, which
promotes a technically challenging
scientific technology to businesses lo-
cated within the region.

The Astronomical Institute of the
Czech Academy of Sciences is a non-
university research institute. Super-
vision and teaching of students is
organized jointly with universities in
several programmes specialized in
Astronomy, Astrophysics and Cosmic
Physics within the accreditation by
the Ministry of Education, Youth and
Sports of the Czech Republic. Our re-
searchers also lead students individu-
ally at universities abroad.

The Institute provides Ph.D. edu-
cation, which is formally bound to
Czech universities in the form of com-
mon Accreditation. The Astronomical
Institute, as the largest astronomical
institution in Czech Republic regarding
the academic staff, instrumental equip-

ment and the library services, sup-
ports both pedagogical and research
activities of all Czech and several for-
eign universities active in astronomy
and astrophysics and related fields.
Joint Accreditation for Ph.D. supervi-
sion have been acquired in coopera-
tion with the Faculty of Mathematics
and Physics of Charles University and
with the Faculty of Science of Masaryk
University in Brno.

On the basis of Agreement with the
faculty of Mathematics and Physics
of Charles University, Prague, the
Institute participates in undergradu-
ate study programmes of Astronomy,
Astrophysics, and Plasma Physics. In
particular, the Institute, along with the
faculties, is responsible for the rec-
ognized and accredited undergradu-
ate Study Programme in Theoretical
Physics, Astronomy and Astrophysics.
Students from other universities, espe-
cially the Czech and Slovak Republics
and also from elsewhere are supervised
by researchers of the Institute.

Many researchers of our perma-
nent staff supervise students, teach
at universities as external lecturers
and they take partin examinations and
committees of study programmes.
The Institute also yields its facilities
for practical training of university
students at all levels and for research
by university students and staff. On
the other hand, the cooperation with
universities helps to find and prop-
erly prepare new researchers for the
Institute and the astronomical com-
munity in general. To track a proper
record of educational supervising,
an electronic Astronomy Student
Information System (ASIS) was devel-
oped at the Institute in 2012 an has
been operated here since then.

The Institute is active in teaching
at high-school level. The observatory
is a common destination for excur-
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sions and field trips organized by re-
gional high-schools to enhance teach-
ing in physics by practical experience.
For motivated and gifted students
long-term stays and the involvement
in research work are enabled at the
Institute, in particular, in the frame-
work of Open Science initiative. Topics
and supervision are provided for stu-
dents participating in the competi-
tion called High-School Professional
Activity. With the aim of continued
education of high-school teachers, the
Institute takes partin the Czech ESERO
- ESA Education Office.

Lecture courses are listed in the
relevant sections of our four Teams.
These include examples of individual
lectures as well as regular full-term
courses that are included within the
accredited programmes.

ASU researchers deliver lectures and
supervise students as external col-
laborators at various universities. Joint
accreditation in the field of Astronomy,
Astrophysics and Space Physics in-
cludes the Faculty of Mathematics
and Physics at Charles University, the
Faculty of Natural Sciences at Masaryk
University in Brno, and the Faculty of
Natural Sciences at Jan Evangelista
Purkyné& University in Usti na Labem.
Individual collaboration then includes
several other research universities in
the Czech Republic and abroad.

The Institute has accreditation
agreements about Ph.D. supervi-
sion with the Faculty of Mathematics
and Physics (Charles University), the
Faculty of Natural Sciences (Masaryk
University) in Brno, and the Faculty
of Natural Sciences (University of
Jan Evangelista Purkyng) in Usti nad
Labem.

Albert Einstein Center for
Gravitation and Astrophysics

Duringfive years of the existence of the
Albert Einstein Center for Gravitation
and Astrophysics - a project carried
out in cooperation with the Faculty
of Mathematics and Physics (Charles
University, Prague) and the Institute of
Physics (Silesian University in Opava),
was funded within the scheme of
Centres of Excellence supported by
the Czech Science Foundation - the
project members followed the plan
completed successfully in 2017. They
obtained valuable results in General
Relativity as well as closely related
fields, as is common in mainly theo-
retical research. Traditional topics in
relativistic astrophysics and cosmol-
ogy were explored.

A significant part of the research
activity was devoted to astrophysi-
cal processes around black holes, for
example, to the problems of accretion
disks, jets and the influence of strong
external magnetic fields. Black holes
interacting with binary systems were
studied, or black holes surrounded
by ring or toroidal structures. We also
studied generalized black holes, when
gravity interacts with electromagnetic
fields described by non-linear electro-
dynamics, and analyzed large polytrop-
ic spheres in spacetimes with cosmo-
logical constant. We studied molecular
clouds and the structure of galaxies.
Last but not least we investigated the
current problems of gravitational lens-
ing, which is applied more and more of-
ten in various parts of astronomy and
astrophysics. The research activity of
the Center, however, was much broad-
er than just applied astrophysics and
astronomy. For example, conservation
laws were formulated and expressed
explicitly in the linearized theory of
gravitation, in massive gravity and in



a large class of Horndeski's theories;
geometrical propertieswerediscovered
in theories of gravity in higher dimen-
sions; members of the collaboration
analysed properties of various radiative
spacetimes such as gyratons in a gen-
eral dimension, or scalar fields in the
framework of the Robinson-Trautman
class. We succeeded in separating
equations for fields on the background
of boost-rotation symmetric radiative
spacetimes representing accelerating
black holes; studied theoretical aspects
of black hole physics, in particular, the
near-horizon regions of extremal black
holes and Meissner effect of expulsion
of stationary magnetic fields; analysed
the influence of strongly gravitating
sources on the black holes interior, etc.
New results were also obtained in nu-
merical relativity.

V. Karas acted as Pl on the side of
the Astronomical Institute. Numerous
research papers were published and
17 students defended their Ph.D. the-
ses in the course of this collaboration,
which continues till today, albeit infor-
mally or the basis of different funding.

On its sites in Ondfejov and Prague
the Institute maintains the Library of
astronomical literature. Our collection
contains specialized monographies
and professional journals (both print-
ed and electronic), as well as historical
prints. The Library is accessible to sci-
entists and general public, and it coop-
erates with other libraries to provide
interlibrary exchange services.
Subject fields include: astronomy
and astrophysics; physics; mathemat-
ics; computer science; engineering.
Holdings of the Library: The total
amount includes 82 600 items, includ-

ing 15 000 books and 67 000 journal
items (many of them are available un-
broken from the first volume).

Staff: two librarians (university de-
gree), one employee for printing and
high-school connection.

Professional journals available

+ On-line access to the journals from
Springer and Elsevier Publishing
Houses with a wide selection of
scientific titles in astronomy and
astrophysics. The library is a mem-
ber of the National Consorcium for
both Publishers. Their annual aver-
age rate is 811 600 CZK.

+ On-line access to other scientific
journals: Astronomical Journal,
Astophysical Journal, Astronomy
and Astrophysics, Meteoritics,
Monthly Notices of the R.A.S., etc.
The annual average budget for
these journals is 710 000 CZK.

Library databases and publication
records

+ In the Library we maintain the da-
tabase for the publication of our
research articles (EPCA). All the ar-
ticles, proceedings papers, books
and other materials are collected in
the database.

+ Fullaccess to the Web of Knowledge
(including the Web of Science and
the Citation Index) as well as Scopus
and several other database systems
is ensured to the researchers con-
nected to the Institute network.

Monographies

« The majority of books are pur-
chased in a printed version. The an-
nual average budgetis 170 000 CZK,
whereas electronic versions are
also often available.
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+ Proceedings of the International
Astronomical Union Symposium
are available online. Selected book
series are available via Springer
Consortium.

Services for researchers.

« Our Library functions as other typi-
cal scientific libraries - we provide
our scientists with book acquisi-
tion, loans, manage on-line access
to science journals in physics and
astronomy, we provide research
and print materials for conferences.

+ We provide papers and articles
from other libraries in Czech, and
we obtain articles from abroad
- this is a very popular and desired
service for scientists. The Library
serves as the centre of information
for astronomy and astrophysics in
the whole country - about 30 librar-
ies from the Czech Republic ask us
for various information materials
per year.

Science databases and services

The Institute has a tradition in pub-
lishing astronomical data. The public
archive of more than 16 000 spectra
of mainly Be and similar emission-line
stars - secured by the Reticon 1872F
successor of photographic plates
- was established in the late 1990s as
one among the first ten web-based ar-
chives of ground-based observatories
worldwide. Despite its proprietary data
format based on in-home developed
spectra analysis package (SPEFO) we
receive numerous requests for data
and assistance with their use.

The archive of 1000 HEROS echelle
spectrograph exposures, secured in
the years 2000-2003 during the time
of HEROS attachment to Ondfejov 2m
Telescope, was published in the frame-

work of the Czech Virtual Observatory
(supported by EURO-VO FPé6 project).
This also served as the reference test-
bed for the development of several VO
standards for post-processing of as-
tronomical spectra. In the recent dec-
ade a real archiving challenge was the
publication of the growing archive of
more than 15 thousand spectra being
obtained by several CCD cameras in
Coude 700mm focus of 2m Telescope.
The established data policy re-
quests a restricted access to recent
results (younger than one year), which
required the implementation of the
basic authentication mechanism in the
main VO tools like SPLAT-VO, Aladin
and Topcat. Currently the data flow is
fully automated - every newly reduced
spectrum is imported in database and
published in VO archive within 10 min
after putting it in a given directory.
The Institute makes also publicly
available as a cloud service the Fourier
disentangling code KOREL integrated
with a web-based visualization and
a distributed framework of parallel
computing nodes running on a cluster
of servers. As of end of 2014 there are
146 registered users of whom 75 have
actively computed in total more than

900 jobs.
Another type of archives is the
Ondfejov  Southern  Photometry

Survey (OSPS) delivering using VO
SIAP protocol the previews and meta-
data of about 180 thousand images
obtained in a remote observing mode
by Danish 1.54m telescope in Chile by
several groups of Czech astronomers
(described further below in more de-
tail), as well as other products cur-
rently in proprietary period. There
has also been published a manually
created catalogue of white dwarfs
observed at the 74inch Mt Stromlo
observatory by WD group of the de-
partment.



An extensive archive of all-sky im-
ages was collected by the Czech part of
the European Fireball Network during
more than five decades and it is main-
tained in the Ondfejov Observatory.

Other publicly available archive
and services are available, albeit not
yet in a VO-compatible format. For
example, a broad variety of opti-
cal spectra and images (catalogues
of prominences, flare catalogues,
slit images of spectra obtained by
Multichannel Flare Spectrograph and
Horizontal Spectrograph) as well as
everyday optical images of the Sun
in white light and Ha and radiograms
of solar radio data events are main-
tained and offered to the community.
Furthermore, in the branch of geode-
sy, various models of the gravitation-
al field and related SW and databases
are developed and published.

In addition to the above-mentioned
Institute-wide activities, a lot of edito-
rial work proceeds via Teams and in-
dividual scientists of the Institute, for
example the publication of conference
proceedings and the work in editorial
boards and advisory panels of profes-
sional journals, such as Solar Physics,
Classical and Quantum Gravity.

Atacama Large Millimeter
/ submillimeter Array

- participation of the Czech
Republic (ARC-CZ)

The Large Research Infrastructure EU-
ARC.CZ (Atacama Large Millimeter/
submillimeter Array - participation of
the Czech Republic) forms the access
point to the largest ground-based as-
tronomical observatory for users from
the Czech Republic and the region of
central and eastern Europe. As one

of the nodes of the European ALMA
Regional Center (EU ARC), it provides
support to users during the complete
lifetime of observing projects from
proposal preparation, preparation of
the Phase 2 material, delivery of the
calibrated science products to us-
ers, and, if required, additional data
reduction support, advice regarding
observing strategies and help with
ALMA archival research. Together with
the face-to-face support, the node is
also active in the quality assurance of
ALMA data, in assisting with science
verification and the ongoing Extension
and Optimization of Capabilities (EOC)
effort, and in building and developing
the European and local ALMA com-
munity. EU-ARC.CZ is the only node in
Europe with expertise in solar radio ob-
servations. It processes solar projects
from all European observers and it has
played a key role in the development
and CSV of solar regime of ALMA ob-
servations. The node also organizes
community days, workshops, univer-
sity lectures and seminars.

The Astronomical Institute of the
Czech Academy of Sciences strongly
supports the activities of the LRI at
several levels. From providing facilities
and infrastructure (buildings, energy
and communications), the necessary
equipment and services (including
hardware and software maintenance),
to covering part of the staff costs of
the LRI expert team (key staff) from
their institutional resources. The
Astronomical Institute also allows
EU-ARC.CZ to use its economic and
technical department to ensure the
operation of the infrastructure admin-
istratively. For its service and deve-
lopment activities, the LRI uses the
HPC computer cluster OASA built in
2016 at the Institute. The cluster will be
modernizedin 2020 based onasupport
that the LRI obtained from the OP RDE
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programme within the call No. 02_18_
046, Research Infrastructures Il. The
operation of the infrastructure is su-
pervised by an international Advisory
Board which was established in 2016
as an independent external body.
Since ALMA has been offering regu-
lar observing cycles for the past seven
years, its user community has reached
certain maturity. At the same time,
ALMA almost reached its planned tech-
nical and observational capabilities and
capacities. Therefore, the nature of the
user support provided by the LRI and
the entire EU ARC network is begin-
ning to somewhat change and move
towards a greater focus on scientific
support. The LRI plans to evolve, simi-
larly to other nodes of the European
ALMA network, into more general cent-
ers of expertise of millimeter and radio
interferometry that would focus not
only on ALMA, but also on other mod-
ern or emerging radio interferometric
observatories, such as SKA or LOFAR
(Low-Frequency Array). A specific ob-
jective of the future development of
the LRI could be the cooperation with
the Institute of Nuclear Physics and
Atmospheric Physics of the AS CR
to build a new station of the LOFAR
Observatory in the Czech Republic. In
addition to the “classical” astrophysical
observations, this project would also
propose aninnovative use of thisinstru-
ment to study processes in atmospher-
ic discharges using a dedicated hard-
ware. The LOFAR project is listed on
the European ESFRI road map and the
extension of its network to the Czech
Republic would bring a significant im-
provement from the perspective of the
instrument itself (existing stations cov-
er mainly north-west Europe), but also
socio-economic benefits for the Czech
Republic. The preliminary negotiations
with the LOFAR consortium show their
interest in building a station in the

Czech Republic. Investment funds from
the planned programme OP JAK (within
a dedicated call for large research infra-
structures) could in principle be used
to modernize the LRI towards a wider
Expert Center of millimeter and radio
interferometry support and to imple-
ment the ambitious project of the
LOFAR expansion.

In conclusion, the Czech node of
the European ALMA Regional Center
has been granted financial support
from the Ministry of Education, Youth
and Sports of the Czech Republic until
2022. The continuation of the project
beyond this period is open and will
be decided based on a large interna-
tional peer-review of large research
infrastructures which will take place in
2021. ASU strongly supports the oper-
ation of the Czech ALMA node. In the
foreseen future, the Czech node infra-
structure plans to evolve, similarly to
other nodes of the European ALMA
network, into a more general Center of
expertise of millimeter and radio inter-
ferometry that would focus not only
on ALMA, but also on other modern
or emerging radio interferometric ob-
servatories. A specific objective of the
future development could be building
of a station of the LOFAR Observatory
in the Czech Republic, in collaboration
with the Institute of Nuclear Physics
and Atmospheric Physics of the Czech
Academy of Sciences.

European Solar Telescope
- participation of the Czech
Republic (EST-CZ)

The Astronomical Institute of the
Czech Academy of Sciences has been
hosting a new research infrastruc-
ture called “European Solar Telescope
- participation of the Czech Republic
(EST-CZ)" since January 2019. EST-CZ
can be understood as a national node



Open Days at the Ondfejov Observatory.

of the research infrastructure EST that
is a project of a 4-metre class solar tel-
escope to be installed in the Canary
Islands. The EST is currently in its pre-
paratory phase with the first light ex-
pected in 2027 at the earliest.

The EST's main research goal is to
observe the Sun. The Sun is the only
star that can be studied in high reso-
lution. We can study fundamental in-
teractions between plasma, magnetic
field, and radiation in the solar atmos-
phere. Although we are not able to
spatially resolve the intrinsic scales of
these magneto-hydrodynamic proc-
esses yet, the magnetic Sun forms the
basis of our knowledge of the cosmic
magnetic field. With the EST we will im-
prove the resolution and enhance our
understanding of fundamental science.

We expect a close cooperation
in drafting observing proposals for
ALMA and EST once the EST is com-
missioned.

The astronomy popularization is an in-
tegral part of the Institute’s activities

and its level exceeds the average with-
in the Academy. A full-time position of
a manager of public relations (PR) has
been established to maintain a useful
and visible impact on general public,
especially the young generation. Press
releases are regularly prepared and
our press manager coordinates a close
cooperation with scientific sections of
newspapers, magazines and the rel-
evant programmes in TV and on the
radio. The Czech Astronomical Society
uses the Institute premises to pro-
mote astronomy to interested laypeo-
ple. The Astronomical Institute takes
its responsibility in preservation of
our cultural heritage connected with
astronomy and cosmology, its media-
tion to the public as well as spreading
of the astronomical knowledge.
Astronomy, the “oldest science”,
has become a firm part of our culture
and society and all staff members
and students have an opportunity for
training in outreach activities. In the
area of popularization of astronomy,
we take advantage of the history of
the Ondrejov Observatory lasting for
more than 120 years. The Institute
takes a conscientious care of this na-
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tional cultural, scientific and architec-
tonic heritage. Part of the Observatory
site is open to the public during most
of the year as the Museum, historical
domes, and the Arboretum. This is
a unique site not only at the national
level butit also attracts visits and tours
from abroad.

We hold special Open Days (at-
tendance of almost 10 000 during
the Evaluation period). In the years
of 2015-2019 we invited the public
to 175 events on the Astronomical
Institute website. The most impor-
tant events in the public domain in-
clude: European Week of Astronomy
and Space Sciences in Prague in
2017 and two related exhibitions,
astronaut Andrew Feustel's tour
of the Czech Republic in 2019 and
regular participation in the Science
Fair every year. On the Internet,
a section of the Institute’'s web site
(http://www.asu.cas.c4) is oriented
towards the general public and a part
of itis focused on children and young
people. Our Facebook page has been
maintained since 2013 and today it is
the most watched Facebook page of
all institutes of the Academy of Sci-
ences (https://www.facebook.com/
AstronomickyUstay).

We organize exhibitions and pub-
lic events at the site of the Ondfejov
Observatory, in Prague and elsewhere.
Astronomers frequently attend sci-
ence programmes and discussions on
radio channels to present opinions and
news in the field. We participate in the
annual European Scientists Night, sup-
port talented youths (Astronomical
Olympiad and student research
works, field trips, collaboration with
the local elementary and high school,
etc.). The Czech Astronomical Society
(http://www.astro.c4) website is op-
erated in the Institute network and
reaches wide audience of amateur

astronomers. Each year a set of most
important discoveries published by
our astronomers are selected by the
Institute Council; their highlights are
summarized for the informed public in
Czech language.

A specific activity is a collaboration
on the preservation of dark night sky
environment against light pollution.
The Institute conducts expert ac-
tivities in this field and also explaines
problems of light pollution to the pub-
lic. In collaboration with the Wroclaw
University and other four Czech and
Polish institutions, the Institute pro-
motes Jizera Dark Sky Area that is ded-
icated to the protection of dark night
sky and is the first cross-border area of
that kind in the world.

While many educational activities
proceed directly through individual
teams and their scientists (and these
are mentioned in their reports else-
where in the Evaluation materials),
the Institute management takes an
active role to oversee the Institute-
wide projects: organizing individual
and group public visits (25 thousand
visitors during the Evaluation period)
and taking part in joint educational ac-
tivities with the Academy of Sciences
(a formal Agreement and a contin-
ued cooperation with the Centre of
Administration and Operations), a va-
riety of Foundations (e.g., ESERQ, to
educate high-school teachers about
Space Research in Europe), Institutes,
City of Prague and Ondrejov.

On behalf of the whole Czech astro-
nomical community, the Institute con-
tributes to the operation of the interna-
tional astronomical journal Astronomy
and Astrophysics, where Dr. Jifi Kubat


http://www.asu.cas.cz
https://www.facebook.com/AstronomickyUstav
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http://www.astro.cz

represents the Czech Republic and
serves as a member of the Board of
Directors. The journal is a community
non-commercial project of European
astronomers (the impact factor ex-
ceeds 5). The journal is financially sup-
ported by sponsoring countries, who
contribute to the budget proportion-
ally to their economic strength. The
journal is not owned by its publisher
and the publisher is selected by the
Board of Directors for a limited time
period. Publishing in this journal is
free of charge for astronomers work-
ing in institutions located in sponsor-
ing countries, including the Czech
Republic. Once accepted, papers are
sent to a language editor, who sug-
gests language improvements. This is
a significant help for authors, who are
not native English speakers (a com-
mon case in institutes in the Czech
Republic). The journal supports the
open access policy. In addition, all pa-
pers are in open access starting one
year after the publication date.

ALMA ARC All-Hands Meeting took
place for the first time in the Czech
Republic (in the Conference Center
of the Czech Academy of Sciences in
Liblice). The annual meeting of the
European ALMA network staff was also
attended by the ALMA Observatory
director general Sean Dougherty and
heads of the partner ALMA centers in
North America and East Asia, Anthony
Remijan and Hiroshi Nagai, respec-
tively. In 2017, the LRI coordinated
the preparation of the Special Section
20 “Science with ALMA: Discoveries,
Priorities and User Support” at the
large international conference EWASS
2017 (European Week of Astronomy
and Space Sciences) held in Prague.
More than 100 participants attended
the session which presented both the
latest scientific discoveries from ALMA
as well as the future development of

A distinguished Czech astronomer doc. Lubos
Perek (*1919 12020). From 1968 to 1975, Perek
served as Director of the Astronomical Institute
of the Czechoslovak Academy of Sciences. In
1975 he was appointed Director of the United
Nations Office for Outer Space Affairs. Perek
served as General Secretary of the Internation-
al Astronomical Union (IAU) from 1967 to 1970,
and he participated enthusiastically in the IAU’s
centenary celebration event in Prague 2019.

the interferometer and the European
user support system, including the
operation of the Czech node of the
European ALMA network.

The European Space Astronomy
Center (ESAC) in Madrid initiated a se-
ries of workshops with James Web
Space Telescope (JWST) experts to
train researchers from ESA member
states on JWST proposal planning
tools, resources and documentation
so they can share their knowledge
with other scientists all across Europe.
The selected institutions were asked
to organize JWST workshops in the
ESA participating countries to support
the preparation of proposals for the
JWST Cycle 1.
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The Head of the Department:
Dr. Miroslav Bdrta

The research in the Department of
Solar Physics is targeted to the Sun,
our nearest star. The proximity of the
Sun has two essential aspects: First,
it is a unique lab for studying many
processes in astrophysical plasma, its
interaction with the (self-generated)
magnetic fields and with electromag-
netic radiation, from quite a nearby.
Second, the Sun is critically important
for the life on Earth and - albeit the en-
ergy flux thatit supplies to our planetis
rather steady on long-term time scales
- the Sun yet exhibits its variability and
activity. The processes of solar activity
play now - as our civilization becomes
more dependent on sensitive technol-
ogies - a bigger role and, hence, our
understanding to their dynamics has
even practical impacts. The same is

At the end of 2019 the Solar Orbiter was as-
sembled and the scientific instruments were
integrated in the satellite with the launch date
in February 2020, executed successfully as
planned. This has been the most significant par-
ticipation of Czech scientists and industry over
the entire new era of ESA’s space scientific mis-
sions (© ESA/NASA).

true for a realistic estimation of a long-
term variability of the solar activity on
the climate change on the Earth.

Solar physics is nowadays quite
a developed and wide research field
and a team of the size of that ours,
obviously, cannot cover it in full com-
pleteness. We therefore focus on
four particular topics and this is also
reflected by the internal structure of
the Department, which is composed
of four, however mutually closely col-
laborating, working groups.

Working group Physics of solar
flares and prominences: The group con-
centrates on the research of the most
remarkable solar-activity phenomena:
flares, eruptions, and prominences.
The goal is to provide coherent under-
standing of modern observations in
terms of the underlying physical proc-
esses (actual configuration of mag-
netized plasma and its dynamics, flare
energy release and deposition, forma-
tion & transfer of radiation in non-equi-
librium plasma, etc.). The methods and
tools used for accomplishing this ob-
jective include analytic and advanced
numerical (HPC) modelling, numerical
calculations of the radiative transfer,
and a multi-spectral analysis of the ob-
served data, including those acquired
by our own instruments. In order to
have a statistically broader ensemble of
flaring activity, the possibility to search
for its specific spectral manifestations
at other stars is researched, too.

Working group Structure and dy-
namics of the solaratmosphere: There-
search of this group is targeted namely
at detailed structure of the solar phot-
osphere and lower chromosphere and
its relation to the processes of (mag-
neto-)convection. Since the magnetic
fields play a key role in the solar varia-
bility, the attention is paid to magnetic
elements of all sizes from micro-flux-
tubes to large sunspots. The research
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methods involve high-resolution opti-
cal imaging, including major interna-
tional instruments like GREGOR and
(prepared) European Solar Telescope/
EST (see section Participation in large
cooperations for details), advanced
spectro-polarimetric inversions pro-
viding the magnetic field maps, and
dynamic-features tracking, including
(local) helioseismology. The group is
also responsible for the operation of
our Solar Patrol Service.

Working group Solar radio astrono-
my: Radio-astronomical methods play
increasing role in the modern astro-
physical research. In the solar-physics
context, especially small/multi-scale
plasma processes of primary energy
release and particle acceleration in
flares are inherently related to the ra-

Slipping of reconnected-line foot-points detected by moving ker-

nels (Dudik et al., 2017).

dio emission - the radio waves are their
first messengers. The group namely
aims at understanding modern radio
data (including that from our own in-
strumentation) by means of advanced
HPC plasma simulations (Particle-in-
Cell/PIC, multi-scale MHD). Part of the
WG, integrated in the Czech EU ARC
node, plays a significant role (Europe
leaders) in the development of the
Solar ALMA Observing Mode and pro-
vides a unique support to the solar sci-
ence observations with ALMA in the
entire Europe (see Participationinlarge
cooperations). Furthermore, a more
practical impact of the intensive solar
radio bursts to the systems of satellite
navigation and radio communication is
studied in an international collabora-
tion.

Working group He-
liosphere and Space
weather: Disturbances

|
. | pore ol CHE figs

propagate from the ac-
tive Sun through the
Heliosphere, the envi-
ronment filled by the
solar wind particles
/| and magnetic fields.
| Eventually, they reach
f the vicinity of the Earth
and cause the so-called
' space-weather effects
with an impact on our
civilization. Research in
this field is the subject
of our last WG. It focus-
es namely on analytical
modelling of propagat-
ing magnetic clouds
and advanced HPC
simulations of kinetic-
scale processes in the
solar wind. Moreover, it
participates in HW/SW
development for space
missions oriented to
solar/heliospheric  re-

e




search (e.g. Solar Orbiter, JUICE - see
Participation in large cooperations).
In collaboration with the other WGs
of the Department, the group also
contributes to the research of space-
weather effects to technologies, e.g.,
studies of geo-magnetically induced
currents (GICs) at the electric power
grids.

The research activities of the
Department can be - by their nature
- grouped into three main clusters: (i)
Basic research of the physical process-
es at the Sun and in the Heliosphere,
(ii) Research with a more direct impact
to applications, and, (iii) Observations
& development activities in the scien-
tific instrumentation, including serv-
ices for the large international projects
and infrastructures.

In line with the central mission of
the Astronomical Institute, this type of
activity is clearly the dominant one. In
the period of 2014-2019, the staff of the
Department made remarkable head-
way in researching many particular
open questions in solar & heliospheric
physics. Here we try to describe the
main landmarks in more detail and in-
sert them into a broader context.

Scientific results

True 3D nature of solar eruptions:
Slipping magnetic reconnection
revealed in modern observations

Magnetic reconnection is a key proc-
ess for energy release in flares (and
likely also for many other “explosive”
phenomena at the Sun and in the
Universe in general). Not only its en-
ergetic aspects are important in the

solar context, butits role in restructur-
ing the topology of the magnetic field
as well. For example, it is essential
for the ultimate release of the erupt-
ing filaments, which finally propagate
as CMEs or magnetic clouds though
the entire heliosphere, from the Sun.
Many numerical models of the large-
scale magnetic reconnection - until
recently - have stayed with the 2D (or
2.5D - including all three components
of vector quantities) geometries. This
approach, is actually, not so bad as the
flare geometry usually has “an invari-
ant” direction along the polarity-inver-
sion line (PIL) and for the price of ignor-
ing the "edge effects” and structuring
along the PIL it provides much better
computational resolution. However,
we live in the 3D nature and thus the
3D aspects - especially when han-
dling the eruption as a whole - are ab-
solutely essential. The Paris-Meudon
group (Aulanier et al., 2012) devel-
oped a fully 3D model of eruption in
the zero plasma beta approximation.
Many 3D-reconnection effects like the
line slipping, predicted by earlier the-
oretical studies (e.g. Priest & Pontin,
2008), were shown essential in this
flux-eruption model. The model also
brought our deeper insight into the
magnetic-topology change, between
the erupting flux-rope, flare-loop ar-
cades, and over-laying magnetic field
lines. However, a question remained
open, whether this model is really
applicable for solar eruptions and
(eruptive) flares. In collaboration with
French colleagues, a group from our
Department (Dudik et al., ApJ, 2017;
Sobotka et al., A&A, 2016; Zemanova
etal., ApJ, 2019) with a careful analysis
of data - unabmbiguously showed the
presence or model-predicted features
(line slipping traced by the bright-
points motions in the flare ribbons,
expansion/contraction of loops at the
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flux-rope flanks, dynamics of the 'J'-
shaped ribbon hooks, etc.) in the real
high-resolution observations of erup-
tive flares. The observational evidenc-
es for the 3D slipping reconnection
model found by our analysis range
from the signatures seen in the chro-
mosphere by GREGOR up to the hot-
corona EUV lines observed by SDO/
AlA. The amazing agreement found
between the model and in-depth ana-
lysed observational data is important
as it confirms that we are on the way
to understanding the physics of solar
eruptions.

Fragmented reconnection in solar
flares: Multi-scale aspects of the
particle acceleration

In addition to the 3D nature of mag-
netic reconnection in solar eruptions
and flares, its multi-scale character is
important, too. In our previous stud-
ies (Barta et al., 2011, Karlicky & Barta,
2011, etc.) we researched the spon-
taneous cascading fragmentation of
the current layer in the solar flare into
plasmoids, interleaved by smaller-
scale current sheets. Resulting “fractal
current sheet” (anticipated by Shibata
& Tanuma, 2001) has consequences
for so called fragmented energy re-
lease and particle acceleration. In col-
laboration with MPS Géttingen (Zhou
et al., ApJ 2015, 2016) we researched
particle acceleration in such a frag-
mented current layer (the result of
our multi-scale high-resolution MHD
simulations) for the first time, using
the Test-Particle (TP) approach. The
effects of particle drifts (curvature,
gradient) in the turbulent magnetic
field, and the resistive acceleration
in multiple small-scale dissipation re-
gions, were studied separately in two
consecutive papers. It was found that
the Fermi-like drift acceleration in the

rapidly varying magnetic fields of the
fragmented CS has a bigger impact on
the total energy gain for a bulk of the
TP electrons, however, the (rare) parti-
cles with the highest velocities gained
their energies in the DC acceleration in
the multiple dissipative regions. Our
Team contributed with the high-reso-
lution MHD model results that were
used as an underlying field for the TP
simulations. The result is essential
for understanding how the particles
are accelerated in flares. Namely, the
fragmented nature of the flare current
sheet can be - exactly through the
particle acceleration processes - im-
printed to the radio data received by
our sensitive and high-cadence radio
spectrographs (Observing infrastruc-
tures below) and compared with the
model.

Accelerated particles in flares:
Mystery of energy deposition
scenarios

Fraction of the particles accelerated
in the current layer in the solar corona
propagates downwards, towards the
Sun, reaching finally the denser layers
of the solar atmosphere. Here, their
energy is deposited and eventually
thermalised. The question, however,
persists, how this process actually
runs, what are, e.g., the heights of the
energy deposition and, consequently,
what are the radiation signatures of
those processesinthe observed spec-
trum. The process is very complex
with mutual bi-directional dependen-
cies between population of the ac-
celerated particles at a given height,
temperature and density structure (in-
cluding, e.g., generated shock waves)
in the location of the energy deposit,
and the radiation field. Using the com-
bined approach of radiative-hydrody-
namics (RHD), including the non-LTE



radiative transfer, and particle-energy
deposition calculations carried out in
the FLARIX code, the (bit unexpect-
ed) height distribution of the energy
deposition was found, together with
its consequent radiation manifesta-
tion in the form of visible-continuum
enhancement. This enhancement
in higher layers was confirmed by
the off-limb observation of the solar
flare (Heinzel et al., ApJ, 2017). After
the continuum enhancement was re-
vealed in the UV (Heinzel and Kleint,
2014) and later also in the optical and
IR radiation (Kleint et al., ApJ, 2016),
this result represents a solid expla-
nation based on the advanced com-
bined physical modelling. The signifi-
cance of the result exceeds the field
of solar physics and it is relevant for
the manifestation of flaring activity at
stars, too. A possible connection be-
tween solar and stellar flares on the
ground of similarity in continuum en-
hancements has started to be studied
also observationally by our Team (see
Observing infrastructures below). So
far the stellar flares are characterized
mostly by their light curves, but, in
fact, explosive phenomena with quite
different underlying physics may ex-
hibit similar radiation-flux dynamics.
On the other hand, the enhancement
in particular spectral domains can
help to distinguish between the flare-
type and a different activity going on
the star.

Non-Maxwellian solar plasma and its
signatures in the emitted spectrum

As it was mentioned in the paragraph
above, the transport of energetic par-
ticles from the corona to denser lay-
ers, where they are eventually ther-
malised, is a complex process and for
quite some time the particle velocity
distribution function is far from the

Maxwellian equilibrium. Moreover, the
(frequent) presence of turbulence and
waves results in the secondary, local,
energisation of particles. There are
other statistics, which can describe
the energy distribution function in this
non-equilibrium state better - both on
theoretical grounds (e.g., Tsallis en-
tropy generalisation for non-equilib-
rium systems) and because of a better
agreement with observations. One of
them is the so called kappa-distribu-
tion. The radiation calculations based
on the assumption of non-Maxwellian
plasmas fit the observed spectral
features better, yet with a smaller
number of free parameters (density
plus two parameters of kappa-distri-
bution vs. multiple two-parametric
gaussians in the multi-thermal de-
scription). A group in our Department
made a big progress in studying the
kappa-distribution present in the solar
atmosphere not only in such non-equi-
librium situations like solar flares, but
also during say, “standard” processes
leading to the quasi-continuous heat-
ing of the solar corona. Above all, the
freely available software package &
database KAPPA was developed in the
Department (Dzif¢akova et al., ApJSS,
2015). The SW enables calculations of
optically thin spectral lines for non-
equilibrium distributions, namely the
kappa-type, and this way it represents
a generalization of the well-known
package CHIANTI, where similar calcu-
lations are provided for the Maxwellian
equilibrium plasmas. Using the KAPPA
package and comparing the modelled
spectra produced by this tool with
the observed ones, the presence and
parameters of the kappa distribution
was found in a variety of situations in
the solar atmosphere - flares, tran-
sient coronal loops, transition region
(Dudik et al. ApJ, 2017, Sol. Phys, 2017;
Dzif¢akova et al. ApJ, 2018). Hence, the
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results of this group showed the omni-
presence of the non-Maxwellian plas-
mas in the solar atmosphere, surpris-
ingly even under “quiet” conditions.

Radiative transfer - a key to decipher
the information in spectroscopic &
spectro-polarimetric measurements

While the above described research is
focused on departures from the ther-
modynamic equilibrium of plasmas,
similar effects are important for the
radiation field, too. The significance
of the so-called non-LTE approach for
a correct interpretation of continuum
enhancements in the flaring solar at-
mosphere under bombardment of
energized particles has been already
mentioned above. But there are many
other situations, where the radiation
is not in local equilibrium with the me-
dium it propagates through and this
effect strongly influences the shape
of spectrum of the outgoing radiation,
which we finally receive by our instru-
ments. And vice versa - should we
be able to decipher the information
contained in the (multi-wavelength)
spectroscopic measurements and re-
veal the structure of the medium, in
which the radiation is formed (and/or
through which it is transmitted) via
spectroscopic and spectro-polarimet-
ric (SP) inversions, the (Stokes) spec-
trum formation calculations frequent-
ly need to involve also the non-LTE
physics. This issue represents a long-
term research topic within our Team.
In the recent period we achieved sig-
nificant headway namely in the three
following directions of this research:
i) Full 3D Non-LTE radiative trans-
fer (RT) of the polarized light (full
Stokes vector),
ii) Extension of our non-LTE models/
codes to new spectral lines avail-
able from the modern spacecrafts,

iii) Applications of spectro-polarimet-
ric inversions (both LTE and non-
LTE) to modern high-resolution
data - from both ground-based
and space-born instruments. In the
following paragraphs, we present
a few illustrative result examples
for all four sub-topics.

Probing structure of the chromo-
sphere and transition region by
magnetically-sensitive spectral lines

Modern spectro-polarimeters allow us
to probe density, velocity, tempera-
ture, and - via the Zeeman and Hanle
effects on the polarized light - also the
magnetic structure of the solar atmos-
phere. As it has been already written,
in order to make use of the spectro-
polarimetric information for revealing
the 3D maps of plasma parameters,
the influence of the distribution and
gradients of those parameters onto
the (Stokes) spectrum formation un-
der general non-LTE conditions must
be understood. Our Team members
significantly contributed to this knowl-
edge by the 3D non-LTE Stokes RT
code PORTA and its application to the
(i) MHD-modelled solar atmosphere
(chromosphere + transition region)
for magnetically sensitive Lyman-a
line (St&pan et al., ApJ, 2015), and, (ii)
An easily controlled ‘toy-model’ of
the structure of the solar atmosphere,
which enabled to study the influence
of gradients of temperature or ve-
locity field to the polarization signal
in the chromospheric Ca Il (8542 A)
line. The first result has a direct ap-
plication for comparison of the MHD
model with the measurements of the
CLASP (Lyman-a spectro-polarimeter
onboard a rocket) instrument, the lat-
ter contribution shows that the inho-
mogeneities in plasma structure may
effectively mask the influence of the



magnetic field on the polarized-light
signal. This has general relevance for
the SP methodology.

Solar plasma diagnostics using Mg Il
lines observed from space

As an example of the recent develop-
ment in our RT expert group targeted
at the extension of the non-LTE radia-
tive transfer and spectrum formation
calculations to new spectral windows,
an inclusion of spectral lines invisible
from the Earth into our codes can be
adduced. The importance of this up-
grade is clear, if we take into account
that many space-born devices oriented
at high-dispersion solar spectroscopy
were launched during (or shortly be-
fore) the period (e.g. IRIS, SDO/AIA)
and their new high-quality data call for
interpretation. The newly extended
non-LTE RT code was applied to Mg Il
line observed from the IRISinstrument.
First (Liu et al., Sol. Phys., 2015), the X-
class flare was studied using the IRIS
slit-scanning mode and by means of
fitting the non-LTE calculated Mg |l pro-
files (strongly enhanced by the flare) in
bright kernels in the flare ribbons with
the observations, the structure of the
solar atmosphere and its dynamics in
those kernels was revealed. The posi-
tion, structure and time evolution of
the Mg Il kernels were also compared
with the hard X-ray emission bright-
ening - this is again important for the
research of the yet open question of
the flare particle-beams energy depo-
sition. Another application of the ex-
tended non-LTE spectrum formation
code aimed at the cool flare loops,
again observed by IRIS in the Mg I
line (Mikula et al.,, ApJ, 2017). Such
loops are expected (by models) to be
present at other flaring stars, too, and
the Mg Il line analysis can represent
a sensitive indicator for distinguish-

ing the solar-like flares from the other
sudden-brightening events at the star.
The non-LTE inversion of the line re-
vealed plasma in a highly dynamical
state even in those cool loops.

High-resolution SP inversions
and white-light flares

For the sake of illustration of the third
aspect of the continuing development
in our RT calculations and line inver-
sions - their applications to the newly
emerging issues induced by modern,
high-resolution data - a couple of ex-
amples are presented. As the first one,
let us adduce a new light that the high-
resolution SP inversions have shed
at the above discussed issue of the
energy deposition, heating, and con-
tinuum-emission enhancement in the
flaring solar atmosphere. Namely, the
polarization signal reveals the mag-
netic structure of the observed region,
which provides very important context
information, e.g., for possible trajecto-
ries of the bombarding particle beams,
propagation of shocks, etc. Our Team
studied an example of the white-light
flare with the so-far unprecedentedly
high spatial and spectro-polarimetric
resolution (Juréak et al.,, A&A, 2018)
and used the SP inversions for the de-
tailed investigation of heating of the
flaring solar atmosphere structured by
the magnetic field.

Estimation of the chromospheric
heating by acoustic waves

Another example, where the SP inver-
sions with high time cadence revealed
the structure of the ‘quiet’ solar atmos-
phere and its wave-dominated dynam-
ics, is the study of the chromospheric
heating by propagating acoustic waves
(Sobotka et al., ApJ, 2016). Having the
quite complete information on the at-
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mospheric structure at different height
levels, including its time evolution,
the authors were able to calculate the
wave-energy flux and its decrease with
the height ascribed to its thermalisa-
tion. The hi