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Introduction
Researching the process of star formation is crucial to investigate the origin
of the planet systems of Sun-like stars and Earth-like planets, the formation
and evolution of the Milky Way and other galaxies and the way the chemical
composition of the Universe changes. In our Galaxy, star formation mainly
takes place in giant molecular clouds that are located mostly in the galactic disk, in the spiral arms. These giant molecular clouds are composed of
hydrogen gas and dust (1%) and are dense (> 103 cm−3 ) and cold (15−20 K)
structures. The morphology of the interstellar material is hierarchic: embedded inside the parsec-sized giant clouds are long, filamentary overdensities
(filaments), and along the filaments we find smaller cloud clumps or gravitationally boung cores. Since star formation happens in these cores by the gravitational collapse of the material, the parameters and processes inside these
structures directly influence the star forming process and the number, distribution and parameters of forming stars. In my thesis I describe my studies
of the properties of dense interstellar material both on statistical samples and
individual, interesting objects. I also examined the dependence of the star
forming process on environmental influences by analysing the distribution
and clustering of young stars inside giant molecular clouds and by mapping
the small-scale circumstellar matter around young objects with high spatial
resolution measurements.
The collisions of molecular hydrogen with other molecular species excites
those special thus by observing the millimeter wavelength transitions of these species (e.g. carbon-monoxide, ammonia) with spectroscopic measurements we can determine the physical conditions (density, temperature) inside the clouds. Since the clouds are cold the thermal emission of their dust
content reaches us as far-infrared and submillimeter wavelength continuum
emission. At optical wavelength this same dust content makes the clouds
appear as dark areas on the sky because of the absorption and scattering of
the star light traveling through them. The forming young stars appear also at
far-infrared wavelength because of the dense gas- and dust envelope around
them. As the young star evolves, its temperature increases and most of the
circumstellar material disappears: it accretes into the star, gets blown out by
outflows or coagulates into larger bodies or planets in the circumstellar disk.
Thus, more evolved young stars can be observed at near- and mid-infrared
wavelengths as well.
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Applied methods
The sub-millimeter all-sky survey of the P lanck space telescope and the infrared maps of the Herschel space telescope offer us a unique possibilty to
study star formation throughout an unbiased, diverse sample of cold, dense
clouds in different regions of the Milky Way. Most of my work was based on
the data supplied by these two instruments. I also performed ground-based
radio spectroscopic measurements to characterize the gas content in these
cloud clumps.
• I used the data from the P lanck and Herschel space telescopes to identify cold and dense regions of interest in our Galaxy. I chose regions
with high column density (> 1021 cm−2 ) on the hydrogen column density maps derived by Herschel observations. I calculated dust temperature and optical depth from fitting the spectral energy distribution of
the sources at these far-infrared wavelengths.
• I determined the properties of less dense interstellar material by observing the rotational transitions of carbon-monoxide isotopologues. The
dense gas in the centre of the clumps was traced by the inversion transitions of ammonia.
• From the detected lines the kinetic temperature, the column density
and the relative abundance of the observed molecular species can be
determined. The analysis of the line profile and parameters (velocity,
linewidth) helps us determine the turbulence in the gas and indicates
the presence of outflows and velocity gradients due to e. g. rotation. To
these studies I created position-velocity and channel maps as well.
• I verified and revised the distances of the analysed cloud clumps that
were determined by previous studies by calculating kinematic distances using my own line measurements. Knowing the distances, the column densities and the turbulent velocity dispersion of the cloud the
mass and virial mass of the object can be derived. Thus using the virial
theorem we can examine their gravitational stability.
• I identified the sub-structures of the TMC-1 filamentary cloud using
statistical cluster-finding algorithms on the merged molecular line and
dust continuum parameter space.
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• The physical parameters of the young stars in the Rosette Molecular
Complex were derived by fitting their spectral energy distribution at
near-, mid- and far-infrared wavelengths. I used the online SED Fitting
tool provided by Robitaille and his colleagues.
• During my work I used the IDL (Interactive Data Language) and Python programming langueges for basic data handling and producing
figures. I used the GILDAS software for the calibration and reduction
of molecular line spectra. I used the R software environment for statistical computing to run cluster-finding algorithms. To calibrate and reduce Herschel measurements I utilized the HIPE (Herschel Interactive
Processing Environment) software and some of the analysis of the interferometric dataset was made with the CASA (Common Astronomy
Software Applications) package.

Theses
1. I determined the physical parameters of 35 Herschel galactic cold cores using far-infrared measurements of the dust continuum by Herschel
and my own radio wavelength carbon-monoxide line measurements.The
kinetic temperatures of the dense clumps were mostly low (8−20 K),
the hydrogen column densities high (between 0,6−40 × 1021 cm−2 while more than half of the clumps showed values above 5 × 1021 cm−2 ).
Two clumps show especially high temperatures (23 és 32 K) where embedded young stars heat up the gas content. The calculated dust temperatures are between 11−15 K and do not correlate well with the kinetic temperatures at these densities. The relative abundance of 13 CO
(0,8 × 10−6 ) is lower than previously estimated values for dense clumps.
2. Around one-third of the 35 dense clumps examined using Herschel
dust continuum maps and my carbon-monoxide observations show
low masses and sizes, are located nearby and are not gravitationally
bound. Their mass is below 10 M , their size is below 0,3 pc, thus they
are close to the classical definition of cores by Bergin & Tafalla, 2007.
Their parameters suggests that star formation is not probable inside
them. The other group of objects is composed of parsec-scale objects
reaching several hundreds of solar mass, that are located farther away
from us. Their virial stability cannot be assessed with a good certainty
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because of the large errors in their masses, but there are generally several young stars that can be associated with them.
3. I analysed the structure of the TMC-1 filamentary dense cloud with
ammonia measurements and Herschel dust continuum maps and confirmed that the cloud is not one structure but composed of several
sub-regions. Using the N bClust algorithm of the R software environment to perform statistical cluster-finding methods I identified four,
more or less filamentary structures (sub-filaments) inside it. Their mass
is between 20−50 M and they are close to gravitational equilibrium.
4. The outflow of the Class I young star embedded inside the TMC-1F3
sub-filament of the TMC-1 dense cloud might have an effect on the
gasous material of the main ridge of the cloud. The turbulent linewidth of the ammonia lines increases in the region of the main ridge
that faces the young star and the ammonia clump around it. Previous
measurements show that the outflow of the young star points towards
the main ridge and slightly towards the observer. From these observations it is possible that the kinetic energy transported by the outflow
increases the turbulence in the main ridge of the cloud.
5. The structure and kinematics of the sub-filaments inside TMC-1 implies that although the sub-filaments are not yet velocity-coherent fibers, fragmentation has already started inside them. Hacar et al. (2013)
and Tafalla & Hacar (2015) resolved another filament into smaller, velocitycoherent fibers and proposed the "fray and fragment" theory of filament
evolution. The sub-filaments of TMC-1 are similar to their fibers in size
and mass, but while the velocity dispersions of the northern TMC-1F1
are sub-sonic, the velocities in the southern TMC-1F4 are less regular
and often supersonic. Previous high spatial resolution interferometric
measurements of the southern sub-filaments revealed small cores with
sizes of 0,01−0,1 pc. Thus the parameters of the TMC-1 sub-filaments
do not support the "fray and fragment" theory.
6. I determined the age distribution of young stars in the star clusters
inside the Rosette Molecular Complex. There are 535 young stars in
the clusters. I classified the stars by fitting their spectral energy distributions between 1−22 µm and determining their spectral index and
by estimating their age using the model grid of SEDs provided by Robitaille and his colleagues. The age and location of the star clusters
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compared to the OB association inside the cloud complex do not unambiguously imply the presence of triggered star formation in the region.
7. I examined the circumstellar environment of eight FU Orionis-type
young eruptive stars with IRAM single-dish and PdBI interferometric measurements and determined the distribution and mass of gas
and dust and calculated the temperature and density of gas. For two
targets (V1057 Cyg and V1735 Cyg) the CO emission was centered in a
roughly spherical clump around the optical positions of the stars with
radii of around 3000 AU and with masses of a few tenth of a solar mass.
I found similar clumps around the optical positions of V1515 Cyg, V2492 Cyg
and V2493 Cyg as well but other structures also appear in their environments. The detected central clumps have temperatures warmer than
around them (15−25 K) which implies heating by the embedded young
stars.
8. I determined the properties of the gas envelope around the FU Orionistype stars and using these parameters I estimated the evolutionary
stage of the stars Comparing the masses of the detected envelopes with
previous measurements of envelopes of quiescent young stellar sources
I found that some of the FUors are very young, embedded objects, similar to Class I young stars (like V1735 Cyg). Some of the targets however seem more evolved with only a small amount of gas around them
and they cannot be detected in the continuum either (like V2493 Cyg).

Conclusions
With the analysis of the properties of galactic cold clumps I proved that the
physical parameters of the objects of the Herschel-sample (size, distance,
temperature) can vary in very wide ranges. I showed that the hydrogen
column densities calculated from the emission of the gas and the dust correlate very well, however, we cannot ignore the errors originating from the
high optical depth of the carbon-monoxide emission, the changes of molecular abundances and the uncertainties of the dust opacity. It is clear from
the study that the more exact determination of the distances of these objects
is crucial to study them, since the kinematical distances often have too large errors. The sample of cloud clumps I studies show an inverse correlation
between their density and dust temperature, although high density clumps
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that are heated by embedded young stars also can be identified. Most of
the close-by, core-sized objects do not show traces of star formation, however, this result can be affected by many factors, like for example that the CO
molecule does not follow well high densities due to is freezing-out onto the
surface of dust grains and that the CO linewidths can be affected by the high
optical depth of the CO emission, thus making us overestimate the turbulence inside the clumps.
During the study of the structure in the TMC-1 filamentary cloud I used the
hydrogen column density values that were calculated based on dust emission and the kinematic information (line velocities) based on the ammonia line
spectra simultaneously. Using this method resulted in identifying clusters in
the clouds that were similar to the ones derived by well-known, often used
cluster-finding methods (e. g. 2D or 3D version of CLUMPFIND, GAUSSC LUMP ), but may eliminate many of the biases of these methods. Testing this
method on other molecular structures is the next goal of mine. My results
showed that the sub-structures of the filaments are chemically and kinematically different from each other. In the next step I will study the broader
environment of TMC-1, the Heiles Cloud-2 with similar methods, using molecular line measurements of several species and applying chemical evolution models as well.
The forming young stars and the interstellar material around them show
complex interactions such as the presence of shock waves, outflows, mass
infall and accretion. Examining the age distribution of young stars in the
Rosette Molecular Complex we proved that triggered star formation by the
embedded OB association that seemingly is responsible for the formation of
these star clusters cannot be behind the formation of all of the clusters. The
effect of outflows driven by young stars on the surrounding gas was shown
by the study of the Class I young star embedded in an ammonia clump close
to the filamentary dense cloud TMC-1. Here, the kinetic energy transported
by the outflow causes the increase of turbulence in the dense filament. From
this I deduced the relative position of the two sub-structure (one in the main
ridge, one around the young star). I also proposed that the outflow might have a previously not detected, high velocity component that is able to achieve
this observed effect.
On even smaller scales the circumstellar envelope and the mass infall from
that to the circumstellar disk also has an effect on the process of star formation and the structure and parameters of the disk. The envelope parameters
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of FU Orionis-type stars imply that these objects are really representatives of
a transitory stage between the Class I and Class II evolutionary states of young stars. Thus FUor eruptions might play an important role in driving this
transition by dispersing and blowing out the envelope and relatively quickly
building up the final mass of the star. The detection of dense outflows around
three target FUors also supports this. However, the diversity of FUors does
not let us to propose a concordant theory of the triggering and process of
episodic accretion yet. According to my study on these scales other circumstellar structures, companions, the inclination of the young system and the
changing gas/dust ratio also affects what morphology we observe. High spatial and spectral resolution observations (with ALMA, NOEMA) of the disks,
the disk-envelope interface and the kinematics of mass infall and numerical
simulation of the infall, mass transport and accretion are both necessary to
understand the process.
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