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Introduction

In my thesis I have investigated the structure of the molecular clouds,
which are the densest regions in the interstellar matter (ISM), and
determined their main kinematic properties, aiming for a better un-
derstanding of the internal and external dynamical processes shaping
them. Because the molecular clouds are the birthplace of the stars, my
study leads us closer to the full understanding of star formation.

The molecular clouds, like the other phases of the ISM, build up
mainly from hydrogen, although their density are high enough to form
molecules (especially H2). Unfortunately, for astronomers, H2 molecule
is invisible, so for the molecular study we need tracers:

• Carbon monoxide (CO) is the best tracer for a large scale map-
ping survey. It nicely indicates the local density peaks, which we
call clumps.

• The densest regions in molecular clouds are gravitationally bounded
clumps, or cores. To detect cores the most frequently used molecule
is the ammonia (NH3).

Methods

I have selected cold (T < 20K), point-like sources from the far in-
frared (IR) images and catalogues of the Archeops balloon-borne, the
Planck and Herschel space telescopes in order to unfold their nature
and determine their physical parameters.

To study the structure of the molecular clouds I have observed
various rotational lines in the spectra of different CO isotopomers1

1Variants of molecule made of different isotopes of C and O, e.g. 13CO, C18O.
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with KOSMA 3m, IRAM 30m submillimetre and radio telescopes,
and I have also used CO observations taken with the Osaka 1.85 m
radio telescope. To measure dense cloud cores I have carried out NH3

(1,1) and (2,2) spectral line observations with the Effelsberg 100m
radio telescope.

From the properties of detected lines, the structure, density profile,
main parameters (e.g. temperature [K], column density [cm−2] density
[cm−3], mass [M�]) of the clouds can be specified using analytical and
computational calculations described in the thesis. The velocity and
linewidth gradient (i.e. the direction and magnitude of the greatest
rate of change in the velocity and linewidth), denoted as grad(v) and
grad(∆v) [km/s/pc] can be measured as well. The investigation of
the kinematics of the molecular gas in a cloud or clump can reveal its
subsistence, stability, the scale of the inner and outer effects, and it
can shed light on induced star formation.

The amount of data related to the ISM is growing, thanks to the
continuous operation of ground based, stratospheric and space tele-
scopes. However, searching in the measured data can be difficult, and
can take lot of time and computatinal memory, while data are not
well-organised, users must learns scripting languages, softwares, and
informations about the instruments or the observations. The Herschel
Space Observatory was a key project of the ESA between 2009 and
2013, covering about 10% of the sky, including well-known star for-
mation regions and molecular clouds. Despite the importance of this
mission, in the Herschel Science Archive (HTA) in its original form
it was not possible to perform a search for measurements (OBSIDs)
based on sky coordinates including the area covered by an observa-
tion. This was a motivation for us to create a footprint database of
the Herschel imaging data which could increase the efficiency of the
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coordinate search.

Items of the PhD thesis

1. I have carried out multispectral CO measurements using the
KOSMA 3m submillimetre and radio telescope to verify that
the 13 IR sources identified on the photometric images of the
Archeops balloon-borne experiment are mainly cold, dense and
compact molecular clumps. This result proves that one can find
cold molecular clouds using only far IR photometric images.[1]

• I have mapped the structure of all the selected 13 Archeops
sources, and identified cold clumps as the densest parts of
the sources. I calculated the position, size, temperature and
density parameters of the determined clumps.

• I have detected clear grad(v) signal in 10 cases and grad(∆v)
in 9 cases within 4 observed source using two spectral tran-
sitions. This suggests that these clouds are significantly
influenced by external effects (like shock waves).

2. I have observed NH3 molecular lines with the Effelsberg 100m
radio telescope in 2 cold clumps (PCC249, PCC288) detected
on the images of Planck space telescope, and determined their
kinetic temperature and density. I verified that those objects
contain cold, dense and supposedly gravitationally bound cloud
cores in which star formations can occur. [2]

• In order to improve the quality of the data calibration I
have determined a better approximation to the altitude de-
pendent gain curve of the 23GHz receiver on the Effelsberg
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100m telescope. With the new gain curve, the altitude-
dependent part of the calibration is improved by 10-15%
above 45 degree in altitude.

• I have observed NH3 (1,1) and (2,2) spectral lines in 8 posi-
tions of the two selected objects. I fitted hyperfine structure
profiles to the lines and calculated the kinetic temperature
and density of the sources. I found that the H2 density is
larger than 104 cm−3 in four and the kinetic temperature is
less than 17 K in all positions.

3. I have carried out multispectral COmeasurements with the IRAM
30m radio telescope in 12 cold clumps detected on the images
of the Planck space telescope. I performed a detailed analysis
for a selected source (G130.38+11.25) using different methods to
determine its parameters. [3]

• Using the 250, 350 and 500 µm images of the Herschel Space
Observatory, and my 13CO (1-0), 13CO (2-1) and C18O (1-
0) spectral line observations, I identified 2 dense cores in the
source G130.38+11.25.

• I have calculated the physical parameters of the cores with a
traditional analytic method assuming local thermodynamic
equilibrium and with a modern radiative transfer code.
I compared the resulting parameters (excitation tempera-
ture, optical depth and 13CO column density), and found
that the values from the two methods agree well. I found
significant differences only in the values of the H2 density.

• The G130.38+11.25 has high grad(v) and grad(∆v) and lies
in a well-known star formation region near the Cepheus OB4
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shell. The high velocity gradients imply that there may be
an ongoing induced star formation in the cloud.

4. I have selected 184 objects from the Planck Catalogue of Galac-
tic Cold Clumps to investigate their kinematics. I compared the
length and magnitude of grad(v) and grad(∆v) determined from
two CO molecular lines measured with the Osaka 1.85 m radio
telescope, and demonstrated the velocity dispersion – size rela-
tion (Larson’s first law). I have also created the averaged spectra
for all 184 clumps. [8, 9]

• I have produced column density maps and velocity field
maps, using my own method, for 40 observed areas to help
the investigation of the structure, density and motion of the
clouds containing 184 clumps.

• I have developed my own method to determine grad(v) in-
side the clumps. I calculated grad(v) using a manual tech-
nique and also with my automatic gradient line fitting algo-
rithm. I chose the most reliable fits, and arranged the data
in a table, which contains grad(v) and grad(∆v) for each
clumps using 12CO and 13CO measurements.

• I have prepared the averaged spectra for all the 184 clumps,
fitting 249 line component with Gaussian profile in 3 molec-
ular line transitions. From these I have determined velocity,
linewidth and line-profile information for each components.

• I have estimated the velocity and linewidth dispersions for
the 184 clumps and determined the velocity dispersion – size
relation which is in good agreement with the literature.

5. With my collaborators we have created the Herschel Footprint
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Database and web service for the Herschel imaging data. Using
this database one can easily find out whether a given molecular
cloud were observed with the Herschel Space Telescope or not.
[7, 10]

• I have made a uniform data model to store the imaging
data header information of the different instruments and
observing methods. I downloaded, processed and organised
the data, and finally loaded into the database.

• I have collected the pointing information of the telescope for
all available photometric observations using Level 1 data,
and loaded it into the database.

6. I have developed a new optimised query for an efficient intersec-
tion search. The query use bitmasks for the HTM indices and it
can be widely used in any SQL database. [10]

Conclusions

To find cold molecular clumps, far IR images are extremely useful.
Based on their IR detections spectroscopic measurements can be per-
formed to analyse the stucture of the clumps. The densest cloud cores
can be identified using the methods and observations described in this
thesis, which giving reasonabla estimates for the temperature, mass
and state of the cores.

The investigation of the velocity field of the clumps is also possible
by making a deep and large molecular survey of the region as I have
shown. This gives us information on the turbulence and external effects
(e.g. a shock wave) which influence the dynamics of the clouds.
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The outcome of a study like this is a sample of possible starforming
cores. As a next step, we can look for young stellar objects embended
in the dusty cores using near IR mearurements, thus we can. So we can
observe the earliest stage of star formation under different conditions.
We can then determine the supporting and blocking factors of star
formation, which brings us closer to the understanging of the variety
of stars in our Galaxy.

Nowadays we are living in the era of Big Data, so so we do not
need to be afraid of the lack of data, rather that we are unable to
make appropriate selections from the huge amounts of data we have.
Different databases, like our Herschel Footprint Database, can help
and accelerate the research. The final goal would be to create a huge
astronomical database (or Virtual Observatory), where we can access
any observations we want. This goal seems feasible by unifying the
existing astronomical databases in the near future.
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