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All the Universe’s a stage,
And all baryons and photons merely players,
They have their exits and their entrances;
And one baryon in its time plays many parts.
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Welcome to Wheel of Star Formation

The conference “Wheel of Star Formation” is dedicated to the life-time work
and contributions to astronomy of prof. Jan Palouš. Originally, this meeting
was planned for September 2020 but due to the COVID-19 outbreak, it was
repeatedly postponed to 2022. We are delighted that we can �nally welcome
you in Prague, at the House of the Professed in the Faculty of Mathematics and
Physics, Charles University, for the Jan’s long-expected conference.

Jan graduated from Charles University (Faculty of Mathematics and Physics)
in 1972 and started to work at the Astronomical Institute of the Czech (then
Czechoslovak) Academy of Sciences. In 1977 he �nished his PhD (Theory of
Galactic spiral structure and its applications) under the supervision of doc.
Luboš Perek.

With time Jan has become one of the most in�uential astronomers in the Czech
Republic, both from the point of science and from the point of management of
science. He was a director of the Astronomical Institute from 1996-2004 and a
member of the Academic Council in 1993-1996 and in 2004-2013. He was one
of the most important people behind the accession of the Czech Republic to
the European Southern Observatory and from 2007 to 2020 he was a Czech
representative in the ESO Council. He was and is also active in the Interna-
tional Astronomical Union; currently he is the head of the Czech National
Astronomical Committee.

But above all he has always been an astronomer fascinated by an interplay
between stars and the interstellar medium, and he shared this fascination with
his students. Some of them, us included, are here to study and discuss with
many other astronomers the beauty and secrets of the stars-ISM cycle, the wheel
of star formation.

Soňa Ehlerová (LOC)
Richard Wünsch (SOC)
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Finally!

Guillermo Tenorio-Tagle, INAOE, Puebla, México

Finally, after writing this summary for the last three years, I can present it here
in Prague, at the Wheel of Star Formation conference dedicated to Jan Palouš
and his work in astronomy. I had the pleasure of meeting Jan in 1979 at the ESO
headquarters in Geneva, Switzerland, and we have been friends and colleagues
ever since.

The complicated co-existence of stars and all di�erent phases of the interstellar
medium together with the more and more stars that continue to form has always
interested Jan. In his paper Palouš, Franco, & Tenorio-Tagle (1990) he has tried to
answer the question: can the feedback from star formation lead to the formation
of new molecular clouds and make the star formation a self-propagating process?
Based on numerical simulations of HI superstructures expanding in di�erentially
rotating galaxies he found out that the matter accumulates near the tips of
sheared elongated remnants and it reaches the highest column density values
there. In Palouš, Tenorio-Tagle, & Franco (1994) this model was connected to
properties of galaxies and was shown to be an important element in the model
of self-regulated large-scale propagating star formation.

Many of Jan’s papers about HI shells are connected to the thin shell approxima-
tion, a simpli�ed method of calculating the evolution of shock fronts. It was
used by Jan to study the energetics of HI supershells (Silich, Franco, Palouš, &
Tenorio-Tagle; 1996), to estimate the importance of the star formation triggered
by the shell collapse in di�erent galactic environments (Elmegreen, Palouš, &
Ehlerová, 2002), and to match observational data (Ehlerová & Palouš, 2018). The
current description of the code RING based on the thin shell approximation is
given in Palouš, Ehlerová, Wünsch, & Morris (2020), which studies the in�uence
of HI shells on the activity of Sgr A*.

Evolution of galaxies is in�uenced not only by internal processes, but also by
its environment. If a galaxy like the Milky Way passes in face-on orientation
through the central parts of the Virgo Cluster, it would lose about 30 % of its
interstellar gas. Gas stripping and its e�ect on the intracluster medium, its
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mass and metallicity was studied by Jáchym, Palouš, Köppen, & Combes (2007).
Studies and observations of gas-stripped galaxies, like ESO137-001, followed
(Jáchym et al, 2019; and others).

Jan has also made several contributions in the �elds of multiple populations
in globular clusters based on physics of superwinds. The model follows the
evolution of matter from colliding winds in young, massive and compact stellar
clusters. It has started as semianalytic and 1D solutions (Tenorio-Tagle, Wünsch,
Silich, Palouš; 2007), but evolved into 3D hydrodynamic simulations (Wünsch,
R.; Palouš, J.; Tenorio-Tagle, G.; Ehlerová, S.; 2017). The calculations show that
massive compact clusters can have a positive star formation feedback, resulting
in the existence of multiple populations in stellar clusters, but the model has also
implications for the galactic superwind (Palouš, J.; Wünsch, R.; Tenorio-Tagle,
G.; Silich, S.; 2009).

Life of a scientist is not always only about pure science. Jan has proved himself
to be a successful organizer and manager as well. He was a director of the
Astronomical Institute of the Czech Academy of Sciences. Under his leadership
the Czech Republic entered the European Southern Observatory in 2007 and
Jan served as the Czech representative in the ESO Council until 2020. He is a
member of the International Astronomical Union (and several other astronomi-
cal societies), in IAU he served as a vice-president of the Executive Committee
for two terms and is a head of the National Committe for Astronomy in the
Czech Republic.

Jan acted as a chairman of the XXVI IAU General Assembly in Prague in 2006
– one of the most famous IAU conferences since it was here where the Pluto
discussion took place — and in 2017 he organized the European Week of Astron-
omy and Space Science in Prague. For many years he has been teaching galactic
astronomy at the Charles University. And, in spite of all these sometimes tiring
activities, he has managed to keep a contagious enthusiasm for learning and
for the discovery of new things and it does not matter if in the �eld of history
or geography or music; though of course, he was and is almost completely
dedicated to astronomy.
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Star formation on galactic scales

Infrared image of Messier 74. Credit: NASA/ESA/CSA/STScI; Robert Eder.
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On the structure of Star Formation: large-scale filaments
and small-scale feedback

Bruce Elmegreen, IBM Research, New York, USA

Sharpened IR images of local disk galaxies suggest that most of the bright star-
forming regions occur in multi-kpc �laments that are associated with spiral-like
features. These bright regions are often regularly spaced along the �laments,
suggesting near-simultaneous formation of the �laments behind galaxy-wide
shock fronts, with gravitational processes initiating star formation at the Jeans
length. Feedback from star formation is also investigated using HI line widths
and GALEX star formation rates for 36 LITTLE THINGS dwarfs and 11 THINGS
galaxies. After removing the average radial pro�les from the HI dispersions
and SFRs/Area, and comparing the two remaining quantities on a pixel-by-pixel
basis, we �nd no correlation between excess HI turbulence and excess SFR/Area.
Feedback energy from star formation appears to be lost on scales smaller than
100-200 pc, possibly disrupting molecular clouds and dissipating at high density.
This result is consistent with other studies that suggest ISM turbulence follows
star formation by 50-100 Myr.
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The SDSS APOGEE-2 Young Star Survey

Carlos Román-Zúñiga, Universidad Nacional Autónoma de México, Ciudad de
México, México

We present the results of the determination of spectroscopic and physical pa-
rameters (E�ective Temp, Log(g), [Fe/H], M/Msun, L/Lsun, t/Myr) for a sample
that is composed of over 6 thousand intermediate and low-mass young stars, in
eighteen Galactic star formation and young open cluster regions. This study
(Román-Zúñiga et al., subm, in revision) represents one of the largest, most
comprehensive explorations of the parameter space in the pre-main sequence
stage of stellar evolution to date. The APOGEE program provided near-IR
(1.5-1.7 micron; R=22500), spectra –of high, uniform quality–, for stars in both
nearby low mass star forming regions as well as in several massive star forming
complexes in the local and neighboring spiral arms. Such sample, allowed us to
explore a rich diversity of star formation environments and thus a rich diversity
of circumstances. On one hand this allows us to show our state of the art tech-
niques (e.g. machine learning) in the spectroscopic characterization of young
stellar populations. On the other hand , it shows our current capabilities and
limitations (e.g. model dependence) towards a characterization of the pre-main
sequence evolution of stars. We need to understand both as we move to one
order of magnitude larger samples in projects like the SDSS Phase V Milky Way
Mapper survey.
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Radio observations of nearby X-ray and optically bright
giant elliptical galaxies and their interaction with the
intergalactic medium

Romana Grossová, Astronomical Institute of the Czech Academy of Sciences,
Prague, Czech Republic

Many massive early-type galaxies host central radio sources and hot X-ray
atmospheres indicating the presence of radio-mechanical active galactic nucleus
(AGN) feedback. The duty cycle and detailed physics of the radio-mode AGN
feedback is still a matter of debate. To address these questions, we present 1-2
GHz Karl G. Jansky Very Large Array (VLA) radio observations of a sample of
the 42 nearest optically and X-ray brightest early-type galaxies. We detect radio
emission in 41/42 galaxies. However, the galaxy without a radio source, NGC
499, has recently been detected at lower frequencies by the Low-Frequency
Array (LOFAR). Furthermore, 27/42 galaxies in our sample host extended radio
structures and 34/42 sources show environmental interactions in the form of X-
ray cavities. We �nd a signi�cant correlation between the radio �ux density and
the largest linear size of the radio emission and between the radio power and the
luminosity of the central X-ray point-source. The central radio spectral indices
of the galaxies span a wide range of values, with the majority of the systems
having steep spectra and the rest �at spectra. These results are consistent with
AGN activity, where the central radio sources are mostly switched on, thus the
duty cycle is very high. 7/14 galaxies with point-like radio emission (Fanaro�-
Riley Class0; FR0) also show X-ray cavities indicating that, despite the lack
of extended radio structures at 1-2 GHz, these AGN do launch jets capable of
in�ating lobes and cavities.
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Feedback by winds, supernovae
and AGN

Color composite image of Centaurus A. Credit: ESO/WFI (Optical);
MPIfR/ESO/APEX/A.Weiss et al. (submm); NASA/CXC/CfA/R.Kraft et al. (X-ray).
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Star formation and AGN feedback in spiral galaxies

Françoise Combes, Observatoire de Paris, Paris, France

Galaxy dynamics is able to produce gas in�ows towards galaxy centers, fueling
a super-massive black hole or a nuclear starburst. The competition/synergy
between AGN and star formation (SF) is now traceable with high-resolution
observations with ALMA and NOEMA. Beyond the 100 pc-scale, where gas is
trapped in resonant rings, and forms stars, embedded barred spiral structures
can drive the gas at 10 pc scale in molecular tori. AGN and SF feedback as
molecular out�ows are also observed at high resolution helping to identify the
responsible mechanisms, either radiative of kinetic AGN mode, or starburst.

16



17



The energy balance between stellar sources and the
ionized ISM in nearby galaxies

Oleg Egorov, Heidelberg University, Heidelberg, Germany

High spatial resolution integral �eld spectroscopy of nearby galaxies is an impor-
tant tool for our understanding of how stellar feedback shapes the morphology
and kinematics of the ISM at the scales of individual star-forming regions. Such
resolved studies are usually limited by galaxies in the Local Group and few
other nearby objects beyond it. I will present an analysis of the small-scale
properties of the ionized gas in 19 nearby spiral galaxies based on the MUSE data
from the PHANGS survey. We identi�ed about 300 regions of locally elevated
velocity dispersion of ionized gas in these galaxies in both arms and interarms
environments. According to the brightness distribution, many of these regions
are expanding superbubbles. For such regions, we estimated the kinetic energy
of the ionized gas and compared it with the mechanical energy input produced
by the young stellar associations (identi�ed in the PHANGS-HST data). We
found that the feedback from massive stars is responsible for the observed high
velocity dispersion of the ionized gas. Quantitative comparison implies signi�-
cant radiative losses in superbubbles, in agreement with simulations. We argue
that pre-supernovae feedback is important for driving the identi�ed supersonic
motions of the ionized gas.
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Supernova feedback e�ects in a star-forming globular
cluster

Elena Lacchin, INAF, Bologna, Italy

Although most of the globular clusters (GCs) are monometallic, some of them
show an internal iron spread. These peculiar systems, known as Type II GCs, are
rather massive relative to the bulk of GCs. Therefore, they may have retained
part of the �rst generation (FG) core-collapse supernovae ejecta long enough to
form iron-enriched stars. We investigate the feasibility of this scenario study-
ing whether star formation can proceed in the early phases of GC formation,
when massive stars are undergoing the pre-supernova and supernova phase.
By means of a series of 3D hydrodynamic simulations, we explore di�erent
initial conditions both for the FG stellar component and for the residual gas
of its formation. In this talk, I’ll brie�y describe the modellization of feedback
from single stars, a quite new approach adopted in hydrodynamic simulations.
Moreover, I’ll discuss the constraints required to avoid cluster disruption as well
as the interplay between feedback from single FG massive stars, the metal-rich
cold gas out of which they formed and star formation, with a particular focus
on the chemical composition of the newborn stars.
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Photometric binaries in Galactic and extra-galactic
globular clusters

Anjana Mohandasan, University of Padova, Padova, Italy

Binaries are intriguing objects in stellar evolution studies and they hold a
position that is both fundamental and signi�cant in the dynamical evolution of
the host stellar system and of the variety of stellar populations in it. Being a
dense environment, Globular clusters (GC) host a substantial amount of binaries
and by studying the binary fraction in GCs, we can obtain vital information
about the energy budget of the system, and a better understanding of the
formation scenarios of various stellar populations it harbors. A comparison
between the properties of the binary population in GCs situated in the Milky
Way with its nearest neighbor, the Magellanic cloud, can potentially harvest
new insights into the dynamics underplay in the respective galaxies. Binaries
hosted by extra galactic globular clusters are a less explored domain due to
the limitation in resolution. High-precision astrometry and photometry-based
study of main-sequence (MS) binaries are an e�cient, observationally cheap,
and statistically robust way to overcome this hurdle. We study the MS binaries
in 20 Magellanic clouds GCs spanning a wide range of age and density. Binary
fraction is investigated as a function of di�erent stellar and environmental
parameters, such as the stellar mass of the primary companion, age of the
cluster, the radial distance from the center, and mass ratio between the primary
and secondary companion. The results are compared with that obtained from
59 galactic GCs to infer the impact of the host stellar environment on binary
dynamics.
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Star Formation: the Universal Wheel

Jan Palouš, Astronomical Institute of the Czech Academy of Sciences, Prague,
Czech Republic

Stars form the bridge from large to small structures. The wheel of star formation
connects the cosmological structures to galaxies, star clusters, interstellar clouds,
super-shells and super-massive black holes. The water created in the interstellar
space and captured on Earth drives also the wheel on Čertovka arm of the
Vltava river, where you are invited today.
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Exploring the feedback mode in Starburst galaxies with
WEAVE mini-IFUs in HR

Casiana Muñoz Tuñon, IAC, Spain

This talk emphasizes the importance of star formation feedback in galaxy evo-
lution models; in particular, discusses the concepts that include the possibility
of feedback to be positive as our previous work has shown. Positive and neg-
ative feedback regimes can be identi�ed in the galaxies’ spectra. For this to
be done high spectral resolution data are needed, with R in the optical wave-
length, bigger than 10000. WEAVE is the new instrument for the WHT (4.2m)
telescope at ORM observatory (La Palma)-just in the process of being fully
commissioned. The potential capability of WEAVE mini IFUs in HR mode to
deliver the data needed for disentangling the feedback mode will be explored
through the granted Science Veri�cation program. The target list is young
starburst dwarf galaxies already identi�ed and classi�ed in the COSMOS �eld.
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Long-term photometric variability of the pre-main
sequence objects

Evgeni Semkov, Institute of Astronomy and NAO, So�a, Bulgaria

For several decades we have been performing photometric monitoring of some of
the star formation regions. We consider that the study of photometric variability
of pre-main sequence stars is of great importance in understanding stellar
evolution. Signi�cant place in our program take observations of FUor, EXor
and UXor objects. These three types of young variable objects show changes
in brightness with large amplitudes and attract the attention of star formation
researchers. But it is not always possible to distinguish them from each other
without the presence of long-term multicolor photometric data. For this reason,
we collect data from current CCD observations and supplement them with
data from the photographic plates archives. In this presentation, we show the
latest data from optical photometric studies of several FUor, EXor and UXor
objects made at the Rozhen Observatory in Bulgaria. Our collection contains
the following objects: V2493 Cyg, V733 Cep, V582 Aur, V900 Mon, V350 Cep,
V1180 Cas, V1184 Tau and GM Cep. Our monitoring is carried out in BVRI
�lters, which allows studying the variability in color indexes also. By analysis
the historical light curves of these objects we are trying to obtain information
about the processes associated with the early stages of stellar evolution.
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New "Pseudo-Rotating" Stellar Atmospheres

Gabriel Szász, Masaryk University, Brno, Czech Republic

Regarding model atmospheres, rotation e�ects are mostly neglected, and, at
best, the rotational broadening correction is being applied to a non-rotating
synthetic spectrum. However, this approximation does not work for fast ro-
tators (veq > 150 km/s), where the e�ect of gravity darkening starts to be
prominent. The need for this correction starts to be signi�cant for stars hotter
than F7. We introduce a new model atmosphere grid covering the region of the
main-sequence A- and B-type stars. The model allows more robust follow-up
studies, mainly to provide an alternative method to determine the inclination
angle of the rotational axis by inversion. Calculating synthetic magnitudes
and colors helps to constrain the rotational broadening of the Main Sequence
and to determine other biases related to the stellar rotation that in�uence the
parameters determined from CMD. Determining rotational parameters from
gravity darkening provides an alternative way of disentangling v sin i values
and leads to a more precise understanding of the distinct populations of rotating
stars.
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On the importance of radiation fields in supernova
remnants

Mario Romero, Universidad Autónoma de Madrid, Madrid, Spain

In this talk, I am going to highlight the importance and feasibility of including
radiation in supernova remnants (SNR) with modest resources, and without
relaying in restrictive assumptions nor on-the-�y radiative transfer. By running
1D simulations of SNR in the solar neighborhood as an example, I will show
the di�erences that arise in the SNR shell structure and luminosity during its
late evolution, and discuss its implications in the interstellar medium.
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Characteristics of stars and
supernovae

Crab Nebula. Credit: ESO.

35



Expansion of supernova driven shells near the Galactic
Center

Barnabás Barna, University of Szeged, Szeged, Hungary

Despite decade-long e�orts, the way supermassive black holes (SMBHs) in
Galactic Centres (GCs) accumulate their mass is still not determined. One
possible contribution is supernova-driven expanding shells, which may deliver
hundreds of solar masses of interstellar matter to the close vicinity of the
SMBH. The investigation of the process – starting from the explosion until the
arrival of the swept-up gas to the central region – requires an extensive set of
simulations to fully reveal the portion of parameter space in which this process
is e�ective. We present 3D hydrodynamic simulations with FLASH to carry
out realistic models of the large-scale evolution of supernova remnants (SNRs)
in the gravitational potential of the SMBH and the nuclear star cluster. The
presented scenarios include various assumptions about the ambient medium
and the impact of turbulence is tested as well. The purpose of the large-scale
simulations of SNRs is twofold: the calculations not only constrain the mass
delivery in a few chosen scenarios, but also serve as validation for the simpli�ed
hydrodynamic code, RING. The rapid simulations carried out by RING allow us
to test the contribution of SNRs to the evolution of the SMBH and the formation
of interstellar features such as circumnuclear disks.
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Comparative analysis on dust properties in core-collapse
supernovae

Szanna Zsíros, University of Szeged, Szeged, Hungary

Core-collapse supernovae (CCSNe) are the �nal stages of massive star (> 8 solar
mass) evolution. Their impact on the interstellar matter (ISM) of galaxies has
been widely studied. As far as we know, CCSNe are one of the main sources
of cosmic dust and their contribution strongly depend on their pre-explosion
evolution. Moreover, it has been previously proved in numerous cases, that
the mid-infrared excess of CCSNe can be explained by the presence of newly-
formed and/or pre-existing and heated dust grains. We present a comprehensive
analysis on various types of CCSNe, regarding mass, composition, and location
of dust grains and draw conclusion on the possible channels of origin (thermal
radiation of newly-formed grains, or heated pre-existing dust in the circumstellar
matter). We investigate in the late-time mid-infrared emission of these CCSNe
with spectral-energy distribution (SED) �tting (applying both analytical and
numerical methods) and interpret our results with a Bayesian approach. This
work allows us to carry out a detailed comparative study and to prepare for the
similar analysis of upcoming JWST data.
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How to solve the mass-discrepancy problem of SESNe?

Andrea Nagy, University of Szeged, Szeged, Hungary

Stripped-envelope supernovae (SESNe) form a special group within core-collapse
SNe because their progenitor lost the H and He layers during the pre-supernova
evolution. As previous studies (e.g., Clocchiatti & Wheeler, 1997; Wheeler et al.,
2015) revealed, there are some discrepancies between the physical parameters
derived from early- and late-time light curve �ts of these objects. Here, we
present a systematic study of 60 SESNe (including Type IIb, Ib, Ic, and tran-
sitional events) to map a possible reason for the so-called mass-discrepancy
problem. In this scenario, we assume the tension between the estimated ejected
masses from early- and late-time light curves (LC) is due to the generally used
approximations of the analytical models. First, we examine the assumption that
the R-band light curve is indeed a good approximation of the bolometric light
curve. Next, we test the generally used assumption that rise time to maximum
brightness is equal to the e�ective di�usion time-scale that can be used to derive
the ejecta mass from the early LC. Besides, we analyze the e�ect of gamma-ray
and positron-trapping, which play an important role in forming the shape of
the tails of SESNe, and also can be crucial to gaining the ejecta masses from the
late-time LC data. Finally, we consider the e�ect of the di�erent de�nitions of
velocity assumption that are needed for the ejecta mass calculations.
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Comparative analysis of optical and radio light curves of
SN2004gq Type Ib supernova

Boróka Pál, University of Szeged, Szeged, Hungary

Studying the interaction between the supernova ejecta and the circumstel-
lar medium (CSM) plays a major role in understanding better the so-called
stripped-envelope supernovae (Type IIb, Ib, and Ic). Moreover, it also pro-
vides an opportunity to learn more about shock physics in both thermal and
non-thermal processes, including relativistic particle acceleration and radiation
processes. Thus, we aim to estimate one of the most important characteristics
of the pre-supernova evolution, the mass-loss rate. This parameter is signi�-
cant to �gure out the structure of the CSM as well as determining the physical
con�guration of the progenitor star. For that, we choose the Type Ib supernova
called SN2004gq and systematically analyze its radio- and optical light curves.
At radio wavelengths, we �t the data with a parameterized model created by
Weiler (2007), that includes both non-thermal synchrotron self-absorption and
thermal free-free absorption. After determining the model parameters, we were
able to estimate the mass-loss rate of the progenitor. Besides, we �t the bolomet-
ric light curve of SN2004gq with a semi-analytic model (Nagy & Vinko, 2016)
and calculate the mass-loss rate from the gained eject masses using di�erent
approximations. That, comparing the results, has given us an insight into what
may have happened in the case of SN2004gq.
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Extremely massive star progenitors for SNe Type Ic

Martín Solar, Adam Mickiewicz University, Poznań, Poland

Supernovae (SNe) are very energetic explosions at the end of some types of
stars. The signi�cance of SNe is because they produce heavy elements. There
exist several types of SNe but we can classify them mainly into two groups:
explosions caused by thermonuclear and core-collapse mechanisms. Detailed
study of SNe environments is crucial for better understanding of star formation
history, host galaxy evolution, and to constrain the nature of their progenitors.
Type Ic SNe (with no hydrogen or helium lines) are believed to originate either
from core-collapses of single very massive stars (>30 M�) or of less-massive
stars (10–20 M�) in binary systems, in which the companions are responsible
for stripping the primary components of hydrogen and helium In this talk, I
will show the study of hydrogen molecular surface density intensity (Σmol) for
a representative sample of SNe environments (classi�ed as Ia as thermonuclear,
II and Ic as core-collapse) using high-resolution PHANGS-ALMA data, capable
of reach resolutions of 100 pc, which are the typical sizes of molecular clouds.
Assuming the molecular cloud lifetimes of 10 Myr, and taking in consideration
that our results gives the ratio of type Ic and II SNe Σmol environments as 9.3
times higher, we obtain that the lifetimes of progenitors of type II SNe must be
22 Myr longer than those of type Ic SNe.
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Long-term optical monitoring of two massive stars in
NGC6946 galaxy

Petko Nedialkov, Scienti�c Research Centre of So�a University "St. Kliment
Ohridski", So�a, Bulgary

We report BR-bands monitoring of 2 spectroscopically con�rmed massive stars
in the galaxy NGC6946 on images obtained with the 2m RCC telescope at
NAO Rozhen, Bulgaria. We analyzed 2.5 yr BR-light curves of the objects. We
supplement our photometry with BV HST magnitudes, obtained by us using
the DOLPHOT 2 package and gr magnitudes from the Pan-STARRS catalogue
DR1 in order to expand the light curve coverage and to check for a blending
e�ect of neighboring stars on our PSF ground-based photometry.

Co-authors: Nikolay Tikhonov(2), Olga Galazutdinova(2), Olga Sholukhova(2),
Alekxander Vinokurov(2), Yuliya Solovyova(2), Antoniya Valcheva(1);
(1) Department of Astronomy, So�a University "St. Kliment Ohridski";
(2) Special Astrophysical Observatory, Nizhnij Arkhyz, Karachai-Cherkessian
Republic, Russia.
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High mass and low mass star
formation

Star formation in a molecular cloud (W3/W4/W5). Credit: ESA/Herschel/NASA/JPL-
Caltech; acknowledgement: R. Hurt (JPL-Caltech).
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Thresholds for star formation

Anthony Whitworth, School of Physics & Astronomy, Cardi� University, UK

We review thresholds for star formation, where possible deriving analytic ex-
pressions in terms of measurable/observable and environmental parameters. In
particular we explain why there is a critical surface-density for star formation,
and what its consequences are for the properties of stars and star-formation
regions.
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Magnetic Support in the Turbulent Core Model of
High-Mass Star-Formation

Katerina Klos, University of St Andrews, St Andrews, UK

For over three decades, the question ‘how do massive stars obtain their mass?’
has been a topic of debate. Radiation pressure and out�ows from high-mass
protostars (M∗ > 10 M�) are thought to sti�e the �ow of accreting matter,
preventing them from attaining higher masses. This contradicts observations
of young stellar clusters, in which stars up to several hundred solar masses
have been detected (e.g., R136). Furthermore, environments hosting high-mass
stars show distinct characteristics not seen in regions containing solely lower-
mass objects. High-mass stars are almost exclusively found in clusters, often
displaying evidence of primordial mass segregation. Here, we investigate the
e�ects of magnetic support as an additional support mechanism in the Turbulent
Core model of high-mass star formation. Of interest are whether magnetic
support can reliably support a massive core against fragmentation, for what
range of magnetic �eld strengths does this support occur and how this compares
to �elds in real star forming regions, and how reliably the Initial Mass Function
is recreated. Early analysis suggests that clouds with initially higher mass-
to-�ux ratios form a greater number of low-mass “clumps” than clouds with
lower ratios – where a clump satis�es the density and boundness constraint for
protostar formation.
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Feedback and SFE in Massive Star-Forming Regions —
Confronting Simulations and Observations

Birka Zimmermann, University of Cologne, Cologne, Germany

Star formation, and in particular high-mass star formation, determines the
evolution of galaxies. Due to their energetic feedback ((ionizing) radiation,
stellar winds, and supernovae), high-mass stars are believed to drive the galactic
baryon cycle. However, the feedback from these stars will only a�ect their
environment on parsec scales or beyond, once they have dispersed their parental
molecular cloud core. Massive stars are born in massive cores with high surface
densities such as infrared dark clouds. Hence, the stars are initially deeply
embedded, causing a delay between the birth of a massive star and the time
from which on it is blowing a larger-scale bubble. In this initial phase, radiation
pressure on gas and dust is particularly important. We investigate the formation
and initial evolution of massive stars and their host cores up to the point
where (ultra-)compact HII regions are established. We perform simulations
of the gravitational collapse of isolated, parsec-scale, turbulent cores with the
(magneto-)hydrodynamic code FLASH. We include a novel scheme to treat the
radiation pressure on dust and gas as well as ionizing radiation. The hydrogen
chemistry is followed as well such that the properties of the emerging ultra-
compact HII regions are calculated self-consistently. We perform a parameter
study, where the mass, density pro�le, metallicity, magnetic �eld strength and
the velocity dispersion of the turbulent velocity �eld are varied. This study
results in statistically relevant samples to investigate high-mass star formation
and outline its relevance in the context of a rigorous comparison between
simulations and observations.
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Multiplicity Statistics of Stars Formed from a Single
Prestellar Core

Hannah Ambrose, Cardi� University, Cardi�, UK

Most stellar multiple systems, including higher-order systems, form from a
single prestellar core. Therefore prestellar cores must spawn more than the one
or two stars usually advocated. Moreover, if the stellar initial mass function
derives from the core mass function, then strong statistical arguments (Holman
et al. 2013; MN 432 3534) suggest that, even just to reproduce the observed
binary statistics, a typical (intermediate-mass) prestellar core must typically
spawn 4 or 5 stars. We present new results from numerical simulations of the
evolution of small-N sub-clusters of between 2 and 7 stars, born in a single
prestellar core with a range of initial conditions. We introduce a new accounting
procedure that allows us to monitor both the transient multiplicity statistics
of the young, unrelaxed systems, and the asymptotic multiplicity statistics
of the old relaxed systems in the �eld, and we compare the results with the
observational statistics.
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Novel methods for quantifying the structure of star
forming regions

George Blaylock-Squibbs, University of She�eld, She�eld, UK

Star formation is a rapid process and therefore the regions in which it hap-
pens are short-lived. The initial conditions in these regions are crucial to our
understanding of star formation and how the observed stellar and exoplanet
populations in our Galaxy are established. Therefore, it is important that we
constrain the initial conditions of star formation, but this can only be achieved
for a relatively small number of young stars. To overcome this issue we can
instead gain information by quantifying the spatial and kinematic substructure
of a sample of young star-forming regions that contain pre-main sequence stars
and comparing them to numerical simulations. In this talk, I will demonstrate
the e�cacy of two new methods, INDICATE and the Mahalanobis density,
which quantify the spatial clustering of stars and the parameter space density,
respectively. The Mahalanobis density was recently used to show a dichotomy
between the parameter-space densities of exo-planet host stars, which in turn
was used to hypothesize that the di�erence in parameter-space density was
responsible for the very di�erent planetary systems observed around the host
stars (e.g. systems with Hot Jupiters versus those without). I will present the
results of comparing INDICATE and the Mahalanobis density to other meth-
ods that quantify spatial structure and show that the Mahalanobis density is
unsuitable for quantifying spatial and kinematic distributions in star-forming
regions. Without other measures of spatial and kinematic structure, INDICATE
and the Mahalanobis density cannot be used to distinguish between unbound
star formation regions that would produce OB associations, and bound star
formation regions that would result in clusters.
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ALMA observations of hot cores confining hyper-compact
H II regions

Toktarkhan Komesh, Al-Farabi Kazakh National University, Almaty, Kazakhstan

One of the most important tasks of astrophysics is the study of regions and
processes of star formation. In recent years, the results of observations of the
regions of star formation are more and more evidence in favor of the accretion
mechanism for the formation of massive stars. However, the question of the
existence of a stellar mass limit remains unclear, above which the accretion
mechanism of the disk is insu�cient to explain the growth of a high-mass stars.
Therefore, it is necessary to study the regions of star formation and associated
regions of ionized hydrogen (HII) at the earliest stages of development. Our
main science goal is to determine whether rotating hot molecular cores are
common around HC HII regions. For that, we mapped using the ALMA in
Band 6 the emission arising from two molecules, SO2 and CH3CN, toward
several embedded HMYSOs associated with HC HII regions. We analyze the
temperature, dynamics, kinematics of rotating hot cores. A large incidence of
rotating cores around HC HII regions will support the basic physical picture
that considers HC HII regions as bipolar, strati�ed, photo-evaporating ionized
regions �lling the low-density axial cavities that naturally form because of
angular momentum conservation within the contracting, rotating molecular
cores.
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Complex organic molecules in Class 0 proto-brown dwarfs

Basmah Riaz, Ludwig-Maxmilians-Universität, München, Germany

A study of complex organic molecules (COMs) in the earliest Class 0 stage of
star-formation is essential to probe the initial conditions of planet formation.
COMs have been observed toward high- and low-mass protostars yet have never
been detected among the Class 0 proto-brown dwarfs (proto-BDs). I will present
results from the �rst deep molecular line survey of COMs in proto-BDs. Several
oxygen- and nitrogen-bearing COMs with six or more atoms have been detected
in these objects, with a wide range of more than two orders of magnitude in the
molecular abundances. I will discuss the gas vs. grain formation pathways for
the molecules and present an inter-comparison of the abundances among proto-
BDs as well as with low- and high-mass protostars. This survey of multiple
COMs provides an insight into the chemical complexity during the earliest
phases of star-formation at the very low-mass end.
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Formation of star clusters

The composite image of 30 Doradus. Credit: ESO, ALMA (ESO/NAOJ/NRAO)/Wong
et al., ESO/M.-R. Cioni/VISTA Magellanic Cloud survey. Acknowledgment: Cambridge
Astronomical Survey Unit
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Starbursts Without Superwinds and Links to LyC Escape

Sally Oey, University of Michigan, Michigan, USA

Theoretical work has identi�ed regimes for massive star feedback such that
superwinds from super star clusters fail in certain conditions. This occurs
due to pressure con�nement and/or catastrophic cooling. It may be especially
prevalent where mechanical feedback is weak at low metallicity. Observational
con�rmation of this scenario has been growing in recent years, and there may be
a connection to the escape of Lyman continuum radiation in extreme starbursts.
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How many hidden supermassive star clusters are there in
the Milky Way?

Valentin Ivanov, ESO, Garching, Germany

The majority of stars in the Milky Way form in clusters, before evaporating into
the �eld. Yet, the cluster population is well known only away from the galactic
plane or in the disk within a few kpc from the Sun, because the dust extinction
renders invisible the clusters in the inner disk and the bulge. The crowding
and confusion also contribute to the incomplete cluster census. We address
the question how many supermassive clusters, similar to the known ones, may
remain undiscovered in our galaxy. To minimize the dust extinction we resort
to the mid-infrared wavelengths and to minimize the crowding and confusion
– to the GLIMPSE survey because of its better pixel sampling with respect to
other mid-infrared surveys. We take known clusters like Westerlund 2, move
them to a range of larger distances, subject them to additional extinction and
reddening, and insert multiple realizations of them into the GLIMPSE catalog.
Then we try to recover them with various cluster search algorithms. Based on
these simulations we derive completeness limits and detection probabilities for
clusters at di�erent distances and extinctions.
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On the formation of globular clusters: A confrontation of
models with observations

Santiago Jiménez, Instituto Nacional de Astrofísica, Óptica y Electrónica, Puebla,
Mexico

This contribution deals with the conditions required to form at least two stellar
generations in globular clusters under the constraints generated by feedback
from massive stars as well as radiative cooling and the metallicity of the pri-
mordial clouds. Our calculations are based on two strict constraints to the star
formation e�ciency of the �rst stellar generation (ε1G). First, ε1G is restricted
to warrant that stellar winds and supernovae do not disrupt the leftover gas
out of which a second generation (2G) would form. Second, ε1G is also limited
to make sure that the metallicity enhancement caused by trapped supernovae
is, in agreement with the observations, not larger than 0.1 dex. Several central
parameters de�ne the globular clusters end result: the mass and radius of the
primordial clouds, their metallicity and ε1G. The parameter space composed
by models which ful�lled all constraints, is here shown to coincide remarkably
well with the scattered observed anti-correlation between the fraction of �rst
generation stars (f1G) vs their total cluster mass from Milone et al. (2017),
Baumgardt et al. (2019) and Gratton et al. (2019). Our models also discern,
in agreement with the data, between single and multiple population clusters
in a metallicity versus mass (or radius) plane. Hence, our results suggest that
the presence of multiple stellar populations is closely linked to the ability of
proto-globular clusters to retain a fraction of leftover gas.
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Stellar feedback and cluster formation in interacting
Giant Molecular Clouds

Ahmad Ali, University of Exeter, Exeter, UK

The relative impact of di�erent stellar feedback mechanisms in giant molecular
clouds (GMCs) is not well understood. Furthermore, the environment surround-
ing a GMC can also a�ect its evolution, but this is di�cult to model. Simulations
on GMC scales can apply accurate feedback methods, but rely on unrealistic ini-
tial conditions such as isolated spherical clouds. Conversely, large-scale galaxy
simulations produce interacting GMCs self-consistently, but have to simplify
stellar feedback. We bridge the scales between cloud and galaxy using zoom-in
simulations. We extract a region with many GMCs from a Milky Way-mass
galaxy evolution model. We then re-simulate it with higher resolution and
more accurate feedback physics. Gas inherits the large-scale dynamics from
the galaxy model, including galactic potentials, shear and tidal forces. This
allows us to probe the e�ect of feedback on gas dispersal and cluster formation
in and between many GMCs. We present zoom-ins of a 500 pc section of a
spiral arm, which includes star formation with cluster-sink particles, ray-traced
photoionization, stellar winds, SNe, self-gravity, galactic potentials, and ISM
heating/cooling. We �nd that photoionization dominates the expulsion of gas
in the region, with stellar winds only producing small (<30 pc) cavities. Stellar
winds do not a�ect the cloud-core statistics or the integrated star formation
rate/e�ciency, unlike ionization, which produces more stars and more dense
cores. Winds do a�ect the properties of sink particles, distributing star formation
over more low-mass sinks and producing fewer high-mass sinks.
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Self-regulated star formation in dense turbulent
molecular clouds

Sergiy Silich, Instituto Nacional de Astrofísica Óptica y Electrónica, Puebla,
Mexico

In previous papers we have demonstrated that in compact and dense star-
forming clouds individual wind-driven bubbles may stall before merging that
prevents the development of a global star cluster wind and the residual gas
expulsion. Here I study the star formation e�ciency and the molecular gas
properties in such young, still enshrouded by the residual molecular gas stellar
clusters. I assume that the cloud collapse terminates and the star formation
ceases when a balance between the turbulent pressure and gravity and between
the turbulent energy dissipation and regeneration by massive stars moving in
the gravitational well of the cluster is established. These two conditions result
in an equation that determines the residual gas density distribution that, in turn,
allows one to determine the star formation e�ciency and the properties of the
residual gas in such stellar clusters.
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Gas clearance and cloud re-collapse driven by the stellar
feedback

Michail Kourniotis, Astronomical Institute of the Czech Academy of Sciences,
Prague, Czech Republic

The stellar feedback is a potent factor for shaping the interstellar medium,
altering the chemical composition and modulating star formation in the vicinity
and beyond. On the one hand, ine�cient feedback from young clusters may
allow successive star formation events that can justify the existence of diverse
stellar populations embedded within older generations. On the other hand,
stellar feedback is widely accepted to drive the star formation e�ciency (SFE)
in GMCs that is observed to be signi�cantly low. To explore the two scenaria,
we built an one-dimension radiation-hydrodynamic model, which implements
the fundamental physics of the feedback from young clusters: stellar winds,
photoionization, and radiation pressure acting on gas and dust. We place the
cluster in the center of a spherically-symmetric cold gas cloud that collapses
under its own gravity, and monitor the interplay between the counteracting
forces. Star formation is modelled as a dynamical process driven by the in�ow
centrally of cloud gas. We apply the code over two di�erent models for the cloud
density; uniform and a power-law distribution. We �nd that, disruption of a
uniform density cloud requires SFE that is 3-5 times higher than the previously
considered value, and discuss on the parameters that can lead to a re-collapse.
We then utilize the model of a centrally-concentrated cloud to explore SFE as
a parameter that is driven by gas clearance. We show that cloud disruption is
achievable already at the pre-SN phases of young clusters, which can be formed
with a SFE of lower than 10 %, thus indicating a good agreement between theory
and observations.
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Stellar kinematics and dynamics

Clusters and co-moving groups of stars within 1 kpc from the Sun. M. Kounkel &
K. Covey (2019).
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The Gaia view on the local Milky Way

João Alves, University of Vienna, Vienna, Austria

In this talk, I will present the latest results on the distribution of gas and young
stars coming from the ESA Gaia survey. I will focus on the two new “kids” on
the Galactic block, 1) the Radcli�e Wave, a narrow and coherent 2.7-kiloparsec
arrangement of 3 million solar masses of gas in the solar neighborhood, and
the 2) the Split, a shorter but similarly narrow gas structure, associated with
the Sco-Cen association. Both these structures contain all local star forming
regions, many previously associated with the Gould’s Belt. Without a clear
understanding of how these structures formed, I will o�er preliminary thoughts
on their origin, and delineate ongoing observational work to test creation
scenarios. I will also present the �rst measurement of the 3D motion of the
local ISM, its potential to characterize stellar feedback, and ongoing work on
the construction of high-quality samples of young stars from a few to 100 Myr.
Most of the regions I will discuss have been part of Jan Palouš long, broad, and
inspiring career.
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4D Topography of the Galactic Disk in the Solar
Neighborhood: Shaping the Vertical Phase Space of the
Clustered Star Formation

Emilio J. Alfaro, Instituto de Astrofíca de Andalúcia (CSIC), Granada, Spain

From the new young cluster catalogs obtained from the Gaia DR2, and EDR3
deliveries, the 3D maps Z(X, Y) and Vz(X, Y) have been constructed by Kriging
inference. These maps show an extended solar neighborhood (r < 3.5 kpc) with
a high degree of structure in the vertical phase space and a well-de�ned star
formation hierarchy. Several phenomenologies such as warp, corrugations and
classical Gould Belt seem to coexist in this region. We discuss these structures
in terms of spatial distribution, vertical velocity �eld and sample age. The shape
of clustered star formation in this region, appears to be driven by very energetic
transient phenomena.
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�antifying kinematic substructure in young star forming
regions

Becky Arnold, University of Keele, Keele, UK

The initial kinematics and dynamical evolution of star-forming regions is of
considerable importance as it informs our understanding of how individual stars
form, and how clusters form and evolve. To e�ectively study the kinematics
of star-forming regions the ability to robustly quantify their spatial-kinematic
substructure is vital in order to e�ectively compare star-forming regions to
each other, and crucially, to the predictions of di�erent star-formation models.
Moran’s I statistic is a numerical method commonly used in �elds such as
geology and ecology to study the spatial distribution of di�erent phenomena.
We explore the application of this statistic to the study of kinematic substructure
in star-forming regions. We �nd that this statistic can con�dently identify and
quantify spatial-kinematic substructure in such regions. We perform N-body
simulations of initial condition sets based on the predictions of the hierarchical
and monolithic models of star formation, and �nd that Moran’s I can distinguish
them at ages up to 6 Myr. We also �nd that Moran’s I can be used to con�dently
rule out the monolithic model at ages up to, and potentially beyond, 10 Myr.
The impact of observational biases (contaminant stars, incompleteness e�ects,
uncertainty on velocity measurements) are examined by applying arti�cial
biases to the simulated data and studying how they impact the calculated value
of Moran’s I. We �nd that in all but extreme cases the Moran’s I statistic remains
robust.
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Instabilities in disc galaxies: from phase-space grooves
and breaks to spirals

Sven de Rijcke, Ghent University, Ghent, Belgium

Spiral patterns are a key driver of the secular evolution of disc galaxies. They
regulate the rate and the location of star formation, they transport angular mo-
mentum outwards, and they can induce a dramatic radial redistribution of stars
without dynamically heating the disc. However, despite the many tantalizing
hints gleaned from detailed observations, analytical calculations, and numerical
simulations, the cause(s) and the life expectancy of spiral structures in disc
galaxies are still highly uncertain. Even restricting the general problem to that
of the gravitational dynamics of an axially symmetric, razor-thin stellar disc
still leaves a wealth of dynamical processes to be explored and understood. I
review recent and new work on one possible source of spiral mode patterns:
phase-space grooves, ridges, and breaks. Grooves and ridges in phase space
can grow spontaneously through �nite-N dynamics (Fouvry, Pichon, Magor-
rian, Chavanis 2015), or by the scattering of stars at the Lindblad resonances
of existing spiral patterns (Sellwood & Carlberg 2014). Radial breaks in stellar
density or the Toomre-Q parameter can result from a star-formation threshold
and/or from stellar migration (Fiteni, De Rijcke, Debattista, Caruana, in prep.).
We use the pyStab-code (De Rijcke & Voulis 2016) to compute the spectrum
of spiral modes of disc galaxy models, both with and without gas, based on
the linearized Boltzmann equation (for the stellar disc) and the linearized hy-
drodynamics equations (for the gas component). In De Rijcke, Fouvry, Pichon
(2019) and Fiteni, De Rijcke, Debattista, Caruana (to be submitted shortly), we
show that grooves and breaks in phase-space destabilize new spiral eigenmodes.
Generally, the generating mechanism of these patterns appears to be that their
gravitational forces and torques tend to erase the phase-space features that
caused them (while causing new features that can seed subsequent generations
of spiral modes). Thus, it is possible for an isolated, linearly stable stellar disc
to spontaneously become unstable and to host multiple generations of spiral
patterns. These results o�er valuable insights into the intricate dynamics un-
derlying spiral patterns in disc galaxies and may help explain their growth and
maintenance.

86



87





Large scale environment of
galaxies

Jelly�sh galaxy ESO137-001. Credit: ALMA (ESO/NAOJ/NRAO),
P. Jáchym (Czech Academy of Sciences) et al.
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The Dark AGES : Exploring The Origins Of Optically
Undetected HI Clouds

Rhys Taylor, Astronomical Institute of the Czech Academy of Sciences, Prague,
Czech Republic

The Arecibo Galaxy Environment Survey was a blind neutral hydrogen survey
carried at Arecibo from 2006-2019. As one of the most sensitive HI surveys ever
undertaken, reaching NHI = 1017cm−2, a primary goal was the detection of
features which could not be detected at other wavelengths : streams, bridges,
and detached HI clouds. Such features are essential in understanding the baryon
cycle and the evolution of galaxies. While analysis of the data continues, AGES
has demonstrated the existence of such features in multiple galaxy groups and
clusters. I will review the highlights of these discoveries, including Ultra Di�use
Galaxies in Pegasus, discrete clouds in Leo, "Keenan’s Ring" near M33, and an
assortment of clouds in the Virgo cluster. The unusual kinematics of some of
these clouds implies a dark matter component, and cannot be reconciled with
tidal debris formation scenarios. I will examine whether these objects represent
a distinct population of objects or if multiple mechanisms may be responsible
for their formation.
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EMBER: emulating gas fields from dark ma�er-only
simulations

Mauro Bernardini, University of Zürich, Zürich, Switzerland

Galaxy formation is fueled by the in�owing gas from the cosmic web. While
on cosmological scales the gas distribution traces the dark matter, the relation
between gas abundances and matter decouples at galactic scales and transitions
into a highly non-linear regime due to the complex interplay of various astro-
physical processes. Hydrodynamical simulations are currently the most accurate
tool to model the co-evolution of dark matter and baryons but are expensive,
often do not provide enough constraining statistics and do not probe the entire
dynamic range of galaxy masses. Thus, fast and accurate models breaking this
trade-o� are needed to drive progress. I will introduce the Emulating Baryonic
EnRichment (EMBER) framework, a neural network based approach, that can
predict high-resolution baryonic �elds like the cold gas distribution from low-
resolution dark matter simulations. Designed as stochastic emulators, multiple
realizations can be sampled for the same dark matter �eld, highlighting the
statistical power of the approach. The model allows to create cheap mock �elds
with similar properties to full hydrodynamical simulations of galaxy formation,
while operating on a fraction of the computational cost. I will demonstrate
that EMBER can reproduce gas and HI masses of dark matter haloes across 5
orders of magnitude probing beyond the regime of abundance matching models
down to dwarf galaxies. I will outline how EMBER can be extended to include
velocity information for a more precise dynamical modelling of galactic in- and
out�ows as well as additional gas �elds, like H2, of particular importance to
star formation and galaxy evolution.
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What drives a starburst: a view from cosmological
hydrodynamical simulations

Elia Cenci, University of Zürich, Zürich, Switzerland

Starbursts (SBs) are a rare population of galaxies with star formation rates
(SFRs) greatly exceeding those of the majority of star-forming galaxies with
similar stellar mass. It is unclear whether these bursts are the result of either
especially large gas reservoirs or enhanced e�ciencies in converting gas into
stars. Tidal torques resulting from galaxy mergers are known to enhance the SFR
by funneling gas towards the center. However, recent theoretical works show
that mergers do not always trigger a SB and not all SB galaxies are interacting
systems, raising the question of what drives a SB. Hydrodynamical cosmological
volume simulations are ideally suited to study the temporal evolution of galaxies
and analyze large samples over wide ranges of masses and redshifts, allowing for
a complete investigation of the relative role of di�erent SB-driving mechanisms
for a large variety of objects. I will present a detailed analysis of a large sample
of SB galaxies and a mass- and redshift-matched sample of non-SB control
galaxies, drawn from the FIREbox cosmological volume. The FIREbox suite of
simulations is part of the FIRE project and is meant to study galaxy formation
and evolution at a high dynamic range, in a cosmological environment. I will
compare gas masses, molecular gas fraction, and depletion times of SBs to those
of control galaxies, and discuss the evolution of these properties in the 50 Myr
preceding the SB. The driving mechanism behind the SB varies depending on the
mass of the galaxy. Massive (Mstar > 1e10 Msun) galaxies undergoing intense,
and long-lasting SBs are more often driven by galaxy interactions. Instead, SBs
in non-interacting galaxies are likely triggered by gravitational instabilities in
gas-rich, low-mass galaxies, and possibly result in a ‘breathing’ mode, powering
strong out�ows.
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Star formation quenching in and around A963

Boris Deshev, Astronomical Institute of the Czech Academy of Sciences, Prague,
Czech Republic

The star forming galaxies infalling onto massive clusters are subjected to pro-
cesses that quench their star formation, usually by removing their cold gas. As a
result clusters at low redshift are populated predominantly by passive galaxies.
In the local universe, at z<0.1, 40 % of all galaxies are passive, while only 8
% of all galaxies are in clusters which can actively strip the cold gas discs of
infalling galaxies. Thus pre-processing must play an important role in shaping
up the population of cluster galaxies. We analyse the galaxy population of A963,
a massive cluster at z=0.2, and the large-scale structure around it. Bene�tting
from deep, multi-object optical spectroscopy and ultra-deep HI imaging we
produce maps of the various properties of the galaxies in the core and infall
regions of the cluster. Those reveal the regions where pre-processed population
is being accreted as well as the regions of active gas stripping.
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Molecular tails of jellyfish galaxies

Pavel Jáchym, Astronomical Institute of the Czech Academy of Sciences, Prague,
Czech Republic

We present the �rst statistical survey of the molecular component of ram pres-
sure stripped galaxies with extended multiphase and star forming tails in the
nearby massive, high-pressure clusters Coma, Leo and Norma. The sample is
representative in its variety of di�erent stages of stripping (from early with tails
connected to SF disks, to late with detached tails and passive or post-starburst
disks), stellar masses, star formation rates, projected locations in the clusters,
tail geometries, as well as intracluster densities and temperatures. With ALMA
we mapped CO(2-1) emission and learnt about the incidence, origin and evolu-
tion of stripped molecular gas. From comparison with other wavelengths, we
study the evolution of the multiphase stripped gas.
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Bohm-Vitense Gaps

Tahereh Ramezani, Masaryk University, Brno, Czech Republic

The classical “Böhm-Vitense gaps” are discontinuities in the color distribution
of A and F-type stars along the main sequence. They have traditionally been
attributed to the abrupt onset of strong convection (8000 K≥ Teff ≥ 6400 K) in
stellar atmospheres and envelopes. Using the full spectrum of turbulence model
to describe convective transport both in the interior and in the atmosphere
yields a very sharp transition between structures that are convective only in
the surface layers and structures that show well-developed convection also in
the interior. This produces a sudden change in the Te� of stars, around 6800 K.
Using numerical simulations, it was shown that this feature reduces a stellar
depletion that is consistent with the gap at 0.33 < (B-V) < 0.38 mag, respectively.
The standard mixing length theory does not show this behavior. Consequently,
this particular gap is a “Teff ” gap and not a “color” gap. We have used the
newest Gaia data releases to search and analysis this phenomenon using the
corresponding photometric data. Star clusters with more than 100 members
were used to shed more light on the characteristics and the possible correlation
with clusters parameters such as age and metallicity.
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The ine�iciency of stellar feedback in driving galactic
outflows in massive galaxies at high redshi�

Luigi Bassini, University of Zürich, Zürich, Switzerland

The evolution of massive galaxies, especially at early times, has arguably be-
come one of the most fruitful topics in contemporary astronomy. Many of the
most pressing questions are related to how massive galaxies sustain high star
formation rates at early times and why they transform into passive, non-star
forming galaxies at later times. In recent years, it has been observed that a non-
negligible fraction of massive galaxies at z > 4 is undergoing passive evolution
following the quenching of star formation activity. Explaining the formation
and properties of these galaxies is a particularly challenging e�ort, as it requires
forming the majority of the stellar content on short time scales (∼100 Myr)
at a rate of hundreds to thousands of solar masses per year, before an abrupt
halting of star formation. While the physical processes responsible for the
quenching of massive galaxies are still debated, the short time scale involved
at high redshift makes the quenching problem even more puzzling. Among
the possible channels, the most plausible scenario is represented by galactic
out�ows. These are generally thought to be generated by feedback processes,
either in the form of energy released by supernovae (SNe) or active galactic
nuclei (AGN). While it is generally accepted that winds in massive galaxies are
mainly powered by AGN feedback, the progenitors of high redshift massive
quiescent galaxies are characterized by SFRs that can be high enough to be
able to expel the majority of the gas from the galaxy. In this work, we aim
to constrain the role of stellar feedback in driving galactic out�ows in high
redshift massive galaxies. Speci�cally, we analyse the star formation histories
(SFH) and galactic out�ow properties of galaxies in massive haloes (∼ 1000
billion solar masses) at z>5.5 in three zoom-in cosmological simulations from
the MassiveFIRE suite, as part of the Feedback In Realistic Environments (FIRE)
project. The simulations, which do not include AGN feedback, resemble z > 4
dusty star-forming galaxies (DSFGs), with star formation rates (SFRs) of ∼1000
solar masses per year and molecular gas masses of 10 billion solar masses. The
mass loading factors from stellar feedback are of the order of∼0.1, meaning that
stellar feedback is ine�cient in driving galactic out�ows and gas is consumed
by star formation on much shorter time scales than it is expelled from the
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interstellar medium. We also �nd that stellar feedback is highly ine�cient in
self-regulating star formation in this regime, with an average integrated star
formation e�ciency per dynamical time of 30 %. Finally, compared to FIRE-2
galaxies hosted in similarly massive haloes at lower redshift, we �nd lower mass
loading factors and higher SFEs in the high redshift sample. We show that both
e�ects are related to the higher gas densities that characterise high-z massive
systems.
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Structure of the ISM and
molecular clouds

Molecular cloud in Orion near M42 (submmm observations
in orange). Credit: ESO/Digitized Sky Survey 2.
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The structure and energetics of magnetised molecular
clouds

Stefanie Walch-Gassner, University of Cologne, Cologne, Germany

In the SILCC-Zoom project, we model the formation of molecular clouds from
the multi-phase interstellar medium, followed by the onset of star formation,
and the evolution of the molecular clouds under the impact of stellar feedback
from newly born massive stars with 3D high-resolution simulations. We have
identi�ed the substructure of the forming molecular clouds using 3D dendro-
grams. This analysis shows sheet-like and �lamentary structures which only
host cores on the smallest scales. We carry out a full virial analysis to study
the energetics of these structures and quantify the impact of the magnetic �eld.
Magnetic �elds turn out to be most important on larger scales and for �u�y,
atomic structures, much in agreement with the observations by Crutcher et al.
2012. Denser structures are mostly dominated by the interplay of turbulence
and gravity. Here, we distinguish between a structures’ self-gravity and the tidal
forces exerted onto the structure by the gravity of the surrounding medium.
We �nd that all but the densest structures are dynamically a�ected by the ex-
ternal gravitational potential leading to complex accelerations. Moreover, we
analyse the dynamics of �laments and �nd that there are two types of �laments:
rapidly forming �laments in shock-compressed structures as well as slowly com-
pressed �laments which are in better agreement with the prototypical �lament
formation and fragmentation scenario.
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Optical emission line-diagnostics of the simulated
interstellar medium in di�erent environments

Tim-Eric Rathjen, University of Cologne, Cologne, Germany

We present the �rst results from applying optical emission-line diagnostics
via post-processing to high-resolution MHD simulations of the multi-phase
ISM with a range of initial gas surface densities, Σ, from 10 to 100 M� pc−2.
Our simulations are part of the SILCC simulation framework and incorporate
all major thermal and non-thermal stellar feedback mechanisms necessary to
model a self-consistent ISM. We follow the evolution of massive stars with
a sub-grid sink particle approach and account for stellar winds, ionising UV
radiation via radiative transfer, radiation pressure on dust with FUV heating in
thermal equilibrium, Type II supernovae and cosmic ray acceleration. We couple
the simulations to the photo-ionisation code CLOUDY and predict the optical
line emission originating from each simulation cell based on its gas temperature,
gas density, radiation energy density and spectral shape of the ionising source.
Afterwards, we integrate the emission along the line of sight while accounting
for attenuation by dust. We can predict the impact of observables like metallicity,
temperature and ionisation parameters on emission line scaling relations. We
analyse emission sources and �nd that in high surface density environments up
to 30 % of the total emission originates from shock excited and di�use ionised
gas instead of HII regions, leading to a shift in the BPT diagram away from the
star-forming sequence.
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Shock compression and self-gravity: two ways to form
filaments?

Shashwata Ganguly, University of Cologne, Cologne, Germany

Molecular clouds are threaded with �lamentary sub-structures. How exactly
the di�erent �laments form, however, remains an open question. We investigate
the dynamics of forming structures by evaluating the contribution of di�erent
energy terms (kinetic, thermal, magnetic and gravitational) in young molecu-
lar clouds. For this purpose, we use the SILCC-Zoom and SILCC deep-zoom
simulations, which follow the self consistent formation of molecular clouds
from 100 parsec scales down to a maximum resolution of around 0.008 pc (1600
AU). The simulations include a galactic potential, self-gravity, magnetic �elds,
supernova driven turbulence, as well as a non equilibrium chemical network.
We identify structures (sheets, �laments, and cores) inside selected regions
using a dendrogram algorithm, and follow the dynamical behaviour of the
hierarchically forming structures. We �nd that, of our two prominent larger
�lamentary structures, one is more quiescent and close to self gravitating, while
the other is shock compressed and leads to smaller scale gravitationally bound
regions. By studying the morphology of the forming structures, we further
observe that in both cases, core-like structures appear at around 0.1 pc, and are
embedded inside �laments.
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Task based moving mesh hydrodynamics + gravity in
SWIFT

Yolan Uyttenhove, Ghent University, Ghent, Belgium

We show the �rst astrophysically relevant simulation results obtained with Shad-
owSWIFT, a moving-mesh hydrodynamics+gravity code extended from SWIFT
(https://swift.dur.ac.uk/about.html) and based on Shadowfax (Vandenbroucke,
2016). The Galilean invariance, superior and adaptive resolution, higher order
convergence and excellent interface and shock handling make moving-mesh
hydrodynamics schemes very attractive for (dwarf) galaxy evolution simula-
tions. Another advantage of using a moving Voronoi mesh is that we can use a
single mesh for both hydrodynamics and radiative transfer simulations. This
entails a more realistic and self-consistent (no resampling errors) treatment
of the coupling of the radiation �eld to the gas, allowing free parameters to
be eliminated from the simulation’s subgrid prescriptions. Simulating these
radiation-hydrodynamics e�ects is absolutely key for the �delity with which
cloud formation and destruction and star formation, crucial drivers of galaxy
evolution, can be simulated.
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Magnetic fields in molecular clouds — Impact on the
dynamics and chemistry

Daniel Seifried, University of Cologne, Cologne, Germany

I present results of fully self-consistent synthetic dust polarisation maps of simu-
lated molecular clouds (MCs) created with POLARIS (Seifried et al., 2019+2020a).
By incorporating noise, we assess the reliability of polarisation observations
from e.g. Planck and BlastPol. I will discuss how strong projection e�ects
a�ect the observed orientation of magnetic �elds. Furthermore, I will show that
polarisation observations of MCs mainly probe their dense parts up to AV > 1
(∼ 1000 cm−3). In addition, I combine the results with analytical considerations
to shed light on the dynamical importance of magnetic �elds. I will show that
magnetic �elds become perpendicular to (column) density structures above
N = 10(21−22) cm−2 and n ∼ 1000 cm−3 and discuss how this orientation �ip
relates to the question where and when gravity starts to dominate over magnetic
�elds. In order to complete the picture, I will �nally brie�y shed light on how
magnetic �elds in�uence the chemical evolution of molecular clouds by making
their structure more �u�y and di�use (Seifried et al., 2020b) as this has a direct
impact on both the amount of H2 and CO-dark gas. In addition, I will discuss
how the switch of the magnetic �eld orientation is related to the chemical state
of the gas. In summary, this will give a holistic view how magnetic �elds a�ect
both the dynamics and chemical evolution of molecular clouds.
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The Virial Balance of molecular clumps and cores in
colliding magnetized flows

Michael Weis, University of Cologne, Cologne, Germany

We simulate the formation of molecular clouds in colliding �ows of warm
neutral medium with the adaptive mesh re�nement code Flash. We include a
chemical network to treat heating and cooling and to follow the formation of
molecular gas. For the forming molecular clumps and cores in four di�erent
simulations with varying initial magnetic �eld strength between 0.01-5 µG,
we carry out a full virial analysis including all time-independent surface and
volume terms as well as the time-dependent term. The initial magnetic �eld
strength in�uences the fragmentation properties of the forming cloud because it
prohibits motions perpendicular to the �eld direction and hence alters, or even
suppresses, the formation of �lamentary substructures. Molecular clump and
core formation occurs anyhow. As a result, with increasing �eld strength, we
�nd more fragments with a smaller average mass; yet the initial �eld strength
is dynamically not relevant for the fragments which constitute our molecular
clumps and cores. The molecular clumps are mostly unbound, probably transient
objects, which seem to be weakly con�ned by ram pressure or thermal pressure,
indicating that they are swept up by the turbulent �ow. We de�ne the cores
to encompass molecular gas, which is additionally highly shielded. Most cores
are in gravitational-kinetic equipartition and are already well described by the
common virial parameter alpha (as can be seen from the Heyer relation), while
some undergo minor dispersion by kinetic surface e�ects.
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The time-dependent evolution of post-processed OH and
HCO+ in molecular clouds

Marco Panessa, University of Cologne, Cologne, Germany

The interstellar medium (ISM) contains a wide variety of chemical species,
the distribution of which can provide clues to how the ISM evolves over long
timescales. Modeling these species in a self-consistent, time-dependent way
in 3D-MHD simulations is computationally expensive, however. We bridge
this computation gap through an algorithm for non-equilibrium chemical post-
processing of 3D-MHD simulations. We apply this tool to four SILCC-Zoom
simulations of molecular clouds, outputting 3D density distributions and column
density maps for many chemical species which are not included in standard
on-the-�y chemical networks because of their computational overhead. In
particular, we provide the �rst fully self-consistent column density maps of OH
and HCO+ obtained from 3D-MHD simulations, at a spatial resolution of 0.125
pc. OH and HCO+ have been shown to trace the molecular gas in the CO-dark
and -bright regimes respectively, and their presence is critical to the chemical
evolution of molecular clouds. We determine typical ranges for N(OH) and
N(HCO+) in the intermediate density molecular gas, as well as in dense cores
and �laments where they peak at 1016 and 1015cm−2 respectively. We show that
these column density values are in agreement with observations. By tracking the
evolution of the clouds’ HCO+ content over time, we assess the density regime
of peak HCO+ formation, the formation timescale, and which formation paths
contribute most to the overall HCO+ formation rate as a function of extinction.
Next, using our high-resolution N(OH) maps, we assess the utility of OH as a
tracer of CO-dark gas by calculating the abundance ratio N(OH)/N(H2) vs. Av
at disparate evolutionary timesteps. We �nd that this ratio is time-invariant and
decreases from 5× 10−7 to 5× 10−8 as Av increases from 0.1 to 3 magnitudes.
We then compare N(OH)/N(H2) to the corresponding ratio N(CO)/N(H2) in the
CO-dark gas, and assess how well OH and CO trace H2 at low extinction.
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CO and [CII] line emission of molecular clouds — the
impact of stellar feedback and non-equilibrium chemistry

Stefano Ebagezio, University of Cologne, Cologne, Germany

We present synthetic 12CO, 13CO, [CII], and dust continuum emission maps
of molecular clouds simulated within the SILCC-Zoom project, which includes
an on-the-�y astrochemical network. We use simulations of hydrodynamical
and magnetohydrodynamical clouds, both with and without stellar feedback.
We report the one of the �rst fully self-consistent emission maps of [CII] in
feedback bubbles (HII regions) largely devoid of emission inside them but with
enhanced emission at their rims, in agreement with recent observations. We
also demonstrate that it is essential in HII regions to account for the conversion
of C+ into C2+ by the radiation of massive stars. For this we developed a novel
post-processing tool for the C+ abundance using Cloudy. Post-processing the
C+ abundance has a large impact on the [CII] emission maps, as the total [CII]
luminosity drops of up to 60 %. Furthermore, we investigate the capability of the
CO/[CII] line ratio as a tracer of the amount of H2 in the clouds as well as their
evolutionary stage, but we �nd no clear trend, as well as a large scatter. We
discuss implications to determine environmental conditions like the interstellar
radiation �eld or cosmic ray �ux from the line ratio. See Ebagezio et al. 2022 for
details on this. We also investigate the [CII]-de�cit in our clouds and we �nd
that, inside the HII regions, this has to be attributed not only to the thermal
saturation of [CII], but also to the further ionization of C+ happening in these
regions. In developed bubbles with hot and bright stars the [CII]-de�cit is
indeed mostly a consequence of the conversion of C+ into C2+. Finally, we will
show that including non-equilibrium chemistry in molecular cloud simulations
is essential to obtain accurate results. Assuming chemical equilibrium would
result in chemical masses (H, CO. . . ) and luminosities by being o� by up to a
factor of 2. Rather, non-equilibrium chemistry and the e�ect of stellar radiation
(in further ionizing C+ within HII regions) are essential to accurately model
the chemistry, as well as the CO and [CII] line emission in simulated molecular
clouds.
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The Galactic dynamics revealed by the filamentary
structure in the atomic hydrogen emission

Juan Diego Soler, Istituto di Astro�sica e Planetologia Spaziali, Roma, Italy

We present a study of the �lamentary structure in the neutral atomic hydrogen
(HI) emission at 21 cm using the HI4PI and The HI/OH/Recombination-line
(THOR) surveys of the Galactic plane. We found that the Milky Way’s disk re-
gions beyond ten kiloparsecs and up to roughly 18 kiloparsecs from the Galactic
center display HI �lamentary structures predominantly parallel to the Galactic
plane. However, we found that the HI �laments are mostly perpendicular or do
not have a preferred orientation with respect to the Galactic plane for regions
at lower Galactocentric radii. We interpret these results as the imprint of super-
nova feedback in the inner Galaxy and Galactic rotation and shear in the outer
Milky Way. We also studied the carbon monoxide (CO) emission observations
from The Milky Way Imaging Scroll Painting (MWISP) survey. We found that
the orientations of the �lamentary structures traced by CO emission di�er
from those in the HI emission. We consider this to indicate that the molecular
structures do not simply inherit these properties from parental atomic clouds.
Instead, they are shaped by local physical conditions, such as stellar feedback,
magnetic �elds, and Galactic spiral shocks.
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Dust Enrichment within Star-Forming Molecular Clouds

Sergio Martinez-Gonzalez, CONACYT-INAOE, Puebla, Mexico

I will review our recent advancements in modelling the injection and survival
of the dust grains produced by sequential supernovae, and the growth of dust
grains within star-forming molecular clouds. Our modelling is based on 3-D
hydrodynamical simulations as well as semi-analytic calculations that take
into account the dust properties, the star cluster gravitational potential and
self-gravity of the parent cloud. It also considers radiative cooling (including
that induced by dust) and a state-of-the-art population synthesis model for
coeval star clusters. We have found that dust grain growth and dust injection
by supernovae lead to create massive amounts of dust within low- (and high-)
metallicity star-forming molecular clouds, in accordance with the large dust
mass present in galaxies soon after the onset of cosmic reionization.
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APEX CO-line Survey of the LMC: Signatures of
Large-scale Feedback in the Clouds of 30 Doradus

Konstantin Grishunin, Max Planck Institute for Radio Astronomy, Bonn, Ger-
many

The Large Magellanic Cloud (LMC) is one of the best laboratories for extragalac-
tic studies of star formation (SF) at all spatial scales owing to its proximity ( 50
kpc) and almost face-on orientation. Using the APEX telescope we are currently
obtaining the most complete mapping of the CO(3-2) line at an unprecedented
spatial resolution of 4.5 pc across the moderate to high dust column density (>
0.07 M�pc

−2) in the LMC disk. Understanding the e�ciency and environmen-
tal conditions of SF are among the main goals of this survey. It discovers the
internal structure of massive molecular clouds as well as small cloudlets with
the masses as low as ∼ 300 M�(5σ). In this talk, I will introduce the survey as
well as show the �rst results based on the data set we have obtained so far. I will
speci�cally focus on the analysis of the clouds in the vicinity of the intensive SF
region 30 Doradus (30 Dor). We �nd that compared to the rest of the clouds, the
ones of 30 Dor move faster with respect to each other; they are spatially more
clustered and smaller in size. Moreover, we �nd line ratios CO(3-2)/CO(1-0)>1
in these 30 Dor clouds. We interpret this as an e�ect of high-energy large-scale
feedback from massive stars being formed in the centre of 30Dor that impacts
the clouds up to radii of at least a couple of hundred parsecs from the centre of
30 Dor.
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Varying the Metallicity in Massive Star Formation

Andre Klepitko, University of Cologne, Cologne, Germany

Radiation Pressure has been put forward as an essential feedback mechanism, in
particular in dense, high-mass star-forming cores and massive giant molecular
clouds. However, its global impact is not yet fully understood. TreeRay-RP is
a novel module to compute radiation pressure written for the AMR grid code
FLASH. The general approach uses a tree-based inverse ray-tracing scheme,
where we allow for every cell in the computational domain to be a source of
radiation. Due to the particular formulation of the algorithm, the computational
e�ort is nevertheless well manageable. TreeRay-RP symbiotes with a chemical
network allowing to account for the cooling of gas through dust via collisional
coupling and its radiative mechanisms. The gas, dust and radiation temperatures
are calculated separately in a self-consistent way. Featuring TreeRay-RP, we
will show simulations of a subvirial 150 solar mass core forming a massive
star. We model radiation pressure from protostars and dust emission as well
as ionizing radiation at a spatial resolution of 20 AU. In total, we performed
three simulations at SMC, LMC and Solar metallicity where higher metallicities
favour fragmentation. In particular, the outcome toward lower metallicities
shows a smoother, more stable disk around the central star at later times. The
central star’s feedback starts to erode the disk earlier for higher metallicities
resulting in the disk being removed fastest for LMC and Solar metallicity.
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The dependence of infrared (IR)-based stellar mass, and
star-formation rate (SFR) measurements on stellar
population age and extinction: updated near-IR stellar
mass, and mid-IR SFR calibrations

Konstantinos Kouroumpatzakis, Astronomical Institute of the Czech Academy
of Sciences, Prague, Czech Republic

The stellar mass (Mstar), and star-formation rate (SFR) are fundamental charac-
teristics of galaxies that are strongly linked with their evolution and current
state. Therefore, acquiring precise measurements of these properties is essential
for galaxy studies. Infrared (IR) observations have been widely used to mea-
sure the galaxies SFR and Mstar because near-IR, and far-IR emission traces
the old stellar populations, and the current star-forming activity respectively.
However, it has been shown that the IR luminosity of galaxies depends highly
on the presence of dust, and the age of their stellar populations. Thus, current
calibrations that linearly convert the IR luminosity to SFR lead to extensive
scatter while they are biased towards highly star-forming/dusty galaxies. In
this work we utilize the spectral energy distribution (SED) �tting code CIGALE
in order to build a large library of galaxy models covering a wide range of
star-forming conditions, and interstellar medium (ISM) properties. We provide
a new SFR calibration using a combination of the WISE Band-1 (3 um) and
Band-3 (12 um), as well as, the JWST NIR-200W (2 um) and MIRI-2100W (21
um). Adding a stellar mass tracer in the SFR calibrations allow us to account for
the contribution of old stellar populations in the heating of the dust, providing
more reliable SFR estimations across the SFR range, and especially for low-SFR
galaxies. In addition, by including the extinction as a parameter (when it is
available) we obtain more reliable IR-based SFR, even for low dust-content
galaxies, without the need for hybrid (e.g. IR+UV) SFR indicators. Furthermore,
we provide updated calibrations for the mass-to-light ratio for the WISE band-1,
and JWST NIR-200W bands, which account for the e�ect of extinction on the
optical colours of the stellar populations. Furthermore, by knowing the galaxies’
star-formation histories and ISM condition we are able to quanti�cation the role
of these factors in the bias and scatter of the estimated SFRs for galaxies with
di�erent speci�c SFR and dust content. The calibrations are provided separately
through Monte Carlo Markov chain (MCMC), and machine learning �tting
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techniques that give similar results, showing that they are method independent.
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Galactic centre

Galactic centre at radio wavelengths. Credit: Ian Heywood (Oxford U.), SARAO; Color
Processing: Juan Carlos Munoz-Mateos (ESO).
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The Galactic Wind Close In: Massive Stars Versus the
Central Black Hole

Mark Morris, University of California, Los Angeles, USA

Evidence for a powerful wind emanating from the central region of the Galaxy is
now very strong, with the eRosita and Fermi Bubbles seen on the largest scales,
a population of high-speed atomic clouds accelerating radially outwards found
on intermediate scales, and with X-ray chimneys and radio bubbles detected
on scales comparable to the size of the Galaxy’s central molecular zone (CMZ).
These features collectively imply the presence of a hot plasma moving out from
the Galaxy’s central region at speeds in excess of 1000 km/s. The question to
be addressed here is, what is the dominant driving mechanism for this wind,
supernovae resulting from massive star formation in the CMZ or energetic
activity resulting from intermittent accretion onto the Galactic Black Hole
(GBH)? Apparently, neither can be dismissed. There are many signs of violent
past out�ows and energy releases from the GBH, but also the incidence of
supernovae in the central few hundred parsecs is substantial. The competition
between the two mechanisms will be presented. Interestingly, they may be
somewhat linked, given that supernovae in the CMZ can enhance accretion
onto the GBH, as Jan Palouš and his group have shown.
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Modeling stellar populations in nearby Galactic Nuclei

Pierre Vermot, Astronomical Institute of the Czech Academy of Sciences, Prague,
Czech Republic

In order to investigate the impact of star formation on the feeding of supermas-
sive black holes, I determine the properties and spatial distribution of stellar
populations and molecular content in a sample of nearby galactic centers. I
present a three dimensional 3-components model (nuclear star cluster, galactic
disk and circumnuclear molecular disk), which coupled to a stellar evolution
model can produce high resolution synthetic IFU observations with absolute
surface brightness, accurate continuum shape and complex absorption line
pro�les.
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Posters

�antifying the structure of star forming regions

George Blaylock-Squibbs, University of She�eld, She�eld, UK

Star forming regions possess a large range of spatial morphologies, from sub-
structured to smooth, centrally concentrated regions. The initial conditions
of these regions are of key interest for determining the origin of the observed
stellar clusters and exoplanet distributions. To this end, we need to constrain
the initial conditions by comparing simulations with observational data. To
achieve this, methods have been developed to quantify spatial and kinematic
substructure. This poster will show the results of testing two newly developed
methods, INDICATE and the Mahalanobis density, on N-body simulations. IN-
DICATE was developed to quantify the spatial association of stars with each
other compared to a grid of evenly spaced control points. The Mahalanobis
density was developed to investigate the parameter space densities of star
forming regions and the e�ects of parameter space density on the architecture
of any produced planetary systems. Recently, the Mahalanobis density has
been used to hypothesise that stars in parameter space overdensities are more
likely to have hot Jupiters. The results presented in this poster will show that
without using established methods in tandem with either INDICATE or the
Mahalanobis density, neither can di�erentiate between di�erent star forming
region morphologies.
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Morphological and kinematical signatures of the gas
inflows and outflows in the nearby dwarf galaxies

Oleg Egorov, Heidelberg University, Heidelberg, Germany

Resolved ionized gas kinematics is one of the key tools in our understanding of
the gas �ows regulating the baryon cycle in galaxies. During the last 20 years, we
obtained the data with the high-resolution (R=16000) Fabry-Perot interferometer
at the 6-m telescope BTA for about 90 nearby (mostly dwarf) galaxies. These
data provide information on the ionized gas kinematics in a single emission line
(usually Halpha) useful not only for the analysis of general gas kinematics in
these objects but also for the identi�cation of the non-circular motions, which
might imprint the recent gas in�ows or impact of stellar feedback. I will present
this “SIGMA-FPI” catalogue and highlight the most recent results obtained for
several nearby low-metallicity dwarf galaxies (DDO 53, Sextans A, NGC 4068),
where we detected the signatures of either the gas in�ows, out�ows or localized
stellar feedback driving the superbubbles expansions.
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Study of gas accretion, mergers and interactions in voids

Evgeniya Egorova, Sternberg Astronomical Institute, Moscow, Russia

Voids are suitable environment to study the gas accretion, mergers and in-
teractions between galaxies. Because of the low rate of interactions signs of
disturbances can preserve longer there, so it should be easier to distinguish be-
tween di�erent processes and events. Moreover, according to recent simulations,
cold gas accretion may still proceed in voids. As was shown in previous studies,
galaxies in voids in general reveal lower metallicity for a given luminosity in
comparison with similar objects in denser environment, and this e�ect might
be caused by mentioned above mechanisms. For this study we compiled a sam-
ple of intermediate-luminosity galaxies residing in voids that reveal perturbed
appearance, and/or have low gas metallicity for their luminosity in comparison
with the reference relation. We use Fabry-Perot interferometer data in the
Hα emission line obtained with 6m SAO RAS telescope – it allows us to �nd
small-scale and large-scale deviations from circular rotation. Adding the data
on optical photometry and gas oxygen abundances we can get the informa-
tion about the source of the disturbances, or the source of the accreted gas.
Most galaxies in our sample reveal non-circular ionized gas motions, including
several objects with strong misalignments between the optical major axis and
the ionized gas rotational axis. We argue that such kinematical and chemical
abundance features can be the result of recent dwarf-dwarf mergers and the
in�uence of stellar feedback on small scale.
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Probing the physical parameters of massive clusters with
red supergiants

Valentin Ivanov, ESO, Garching, Germany

Obscured distant clusters in the Milky Way’s inner disk and bulge are di�cult
to access due to a combination of distance, extinction and reddening. A short
evolutionary stage when these obstacles are intrinsically minimized occurs when
the clusters are 8-16 Myr old and contain red supergiants – bright stars whose
spectral energy distribution peaks in the infrared, so they are easier to detect
despite the obscuring dust. This is still challenging, because the red supergiants
are short-lived and only massive enough clusters harbor a sizable population of
them. We report spectroscopic metallicity and radial velocity estimates form
red supergiants in a sample of moderately massive young clusters, including
VDBH 222, Alicante 7, Alicante 8 and Alicante 10. If multiple stars are available
from a given cluster, we asses their membership and whether the object is true
cluster at all.

142



The COMA CORPS: CO survey of Coma ram pressure
stripped tails

Anežka Kabátová, Astronomical Institute of the Czech Academy of Sciences,
Prague, Czech Republic

The hot and dense environment of galaxy clusters represents a site of dramatic
changes in member galaxies’ morphology as they shift from blue gas-rich to red
gas-poor objects due to multiple processes. One of the essential external pro-
cesses is the ram pressure stripping that galaxies experience while moving with
high velocities through the hot intra-cluster medium (ICM), whose temperatures
reach ∼107 K. During this process, the gas reservoir of galaxies is gradually
depleted from outside in as suggested by multiple observations of partially or
fully gas-stripped galaxies. Without any gas in the disk left, the star formation
of the galaxy is quenched. However, a very di�erent story evolves in the tail
behind the parent galaxy. After leaving the disk, the displaced gas presumably
mixes with the ICM forming a multi-phase environment whose temperature
and density depends locally on domination of heating and cooling processes
respectively. Yet, details of the evolution of the tail gas remain unknown and are
subject of intense research. We present new single-dish CO(1-0) and CO(2-1)
observation of Coma cluster galaxies experiencing ram pressure stripping from
IRAM 30m telescope. In three galaxies of the sample, the molecular gas was
detected clearly outside of the parent galaxy in its tail as far as ≈ 50 kpc away.
Moreover, the amount of the detected gas in parent galaxies was found to be
systematically higher than in �eld galaxies.
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Origin of Galactic globular clusters: application of the
rapidly cooling shocked stellar winds model

David Kománek, Astronomical Institute of the Czech Academy of Sciences,
Prague, Czech Republic

We use the model of rapidly cooling shocked stellar winds to reproduce the
observed fractions of stellar populations in galactic globular clusters. The
model predicts that population II is formed from thermally unstable winds
of population I massive stars, enriched by products of hot hydrogen burning.
In order to solve the so-called mass budget problem, i.e. to have su�ciently
massive population II, we modify the slope of the initial mass function (IMF)
of population I. With moderately top-heavy IMFs, we are able to reproduce
observed stellar population fractions. Furthermore, we �nd an anti-correlation
between the mass of the cluster and the slope of the high-mass end of the IMF.
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The Perseus Anomaly. Hubble-like Expansion of Young
Stellar Groups in the Perseus Arm

Carlos Román-Zúñiga, Universidad Nacional Autónoma de México, Ciudad de
México, México

We selected a sample of intermediate mass to massive stellar candidates within
1.8<d<3.1 kpc across an 8 deg. radius �eld centered near the W4 star forming
region in the Perseus Arm. The sample includes young stars of intermediate and
high mass in the W3-W4-W5 complex and some known young open clusters
(NGC957, NGC 884/869). Projected velocities derived from perspective-corrected
proper motions show a strikingly coherent behavior, with increasing velocity
from the central star forming region in the arm, indicating an expansion of
about 15 km/s/kpc. We con�rm that the e�ect is not present at closer �eld
disk populations and, so far, we have not been able to detect the e�ect in other
star forming complexes. This Perseus Arm Anomaly could be indicative of a
massive unbound young stellar system, the result of an explosive trigger e�ect
associated with stellar collisions near W4, or a consequence of the stationary
density wave injecting di�use gas from the back of the arm. Note for SOC: We
submitted an abstract for a talk about our more recent near-IR spectroscopy
survey of young stars in a sample of galactic star forming regions. However, we
would like to use this excellent gathering to present this 2019 result in a poster
format, aiming to discuss it with experts from local and visiting institutions.
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Detailed description of the astrophysical properties of the
embedded mid- and high-mass young (proto)clusters from
infrared studies

Mauricio Tapia, Universidad Nacional Autónoma de México, Ensenada, Mexico

In this work we present a compilation of the results of a decade-long program
consisting of detailed infrared (1 to 1200 µm) observational studies of mid-
and high-mass recent-star-formation regions subject to a variety of Galactic
environments. Physical properties of the embedded (proto)stellar population -
kinematics, ages, luminosities, masses, discs, out�ows, jets- were determined for
several dozen regions. These include sub-complexes in active giant molecular
clouds where evidence of sequential or triggered star formation is common (eg.
NGC 6334, NGC 3372), as well as less-massive, isolated complexes, many of
which also exhibit age spreads that suggest multi-stage processes.

146



On the origin and stability of the Solar system

Slavik Avagyan, National Polytechnic University of Armenia, Yerevan, Armenia

The origin of the Solar system is still a mystery. All proposed hypotheses have
their drawbacks. But the author thinks that everything will be put in place.
Therefore, a new approach to solving the problem of the formation of the Solar
system is proposed. In this work a new model of the origin of the Solar system is
given. The fact that the Solar system emerged from a single stream (branch) of
dust and gas, which in the scale of the Universe performed translational motion,
is the cornerstone of the model. And one of these branches was the "germ" of the
Solar system.The proposed model gives a chance to answer questions on which
answers are still not given. After the corresponding calculation, we obtain the
protosun mass gain formula M = C(ekt − e(−kt)) where C is a certain constant
, t-time, k =

√
2πρG , G -gravitational constant , ρ -density of medium. The

Protosun has been compressed as many times as the planets in the solar system.
It is also very important that the loss of hydrogen is restored. It is proved in
the work that the source of energy of bodies (stars) is their gravitational �eld.
As it is known, in each 1 cm3 there is one atom of hydrogen in average. The
Sun, for example, attracts these particles belonging to its magnetic �eld and
conveys them kinetic energy which was then converted into heat, when the
particles fall on it. This is the endless source of energy that stars have. After
using corresponding mathematical apparatus, estimates show that the energy
acquired by the Sun equals to E = 5, 1×1032erg/s. As we know, the Sun emits
Q = 3, 8× 1033erg/s temperature to environment. We approach the question
of the source of energy of the Sun from another aspect, on the stability of the
Solar system. It is known that as a result of a thermonuclear reaction, in a year
the Sun loses 1.62×1017kg of its mass. That is, the mass of the Sun is a function
of time t. Solving the corresponding di�erential equation of motion of a point
under the action of a central force, we obtain that the planet will gradually
move away from the Sun and after 5 billion years will leave the solar system.
That is, the existence of the solar system would not be worth talking about.
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