
Massive filamentary clouds and
their role in star formation

Dissertation
zur

Erlangung des Doktorgrades (Dr. rer. nat.)

der

der Mathematisch-Naturwissenschaftlichen Fakultät

der

Rheinischen Friedrich–Wilhelms–Universität, Bonn

vorgelegt von

Michael Mattern
aus

Wertheim, Deutschland

Bonn 2018



Angefertigt mit Genehmigung der Mathematisch-Naturwissenschaftlichen Fakultät
der Rheinischen Friedrich–Wilhelms–Universität Bonn

1. Referent: Prof. Dr. Karl M. Menten
2. Referent: Prof. Dr. Pavel Kroupa
Tag der Promotion: 04.04.2019
Erscheinungsjahr: 2019

Diese Dissertation ist auf dem Hochschulschriftenserver der ULB Bonn unter
http://hss.ulb.uni-bonn.de/diss_online elektronisch publiziert

http://hss.ulb.uni-bonn.de/diss_online


Abstract
by Michael Mattern

for the degree of

Doctor rerum naturalium

Filamentary structures are ubiquitous in the interstellar medium of the Milky
Way. They are observed at a large range of size-scales from ∼ 1 pc within
star-forming and quiescent molecular clouds to ∼ 100 pc representing molecu-
lar clouds themselves. Therefore, filamentary structures play an important role
in the early phases of star formation. Filaments in nearby (< 500 pc) molecu-
lar clouds were found to be thermally stable against gravitational collapse, and
therefore, the fragmentation time-scales are much shorter than the collapse time-
scales, which allows the filament to fragment into star-forming clumps. However,
the evolutionary scenario of filaments with masses significantly above the ther-
mally critical value is virtually unknown. These massive filaments are found
throughout the entire Galaxy, where they channel the gas from large, Galactic
to small, star-forming scales.

In this thesis we use various survey observations to investigate the evolution of
massive filamentary molecular clouds. Here we first concentrate on the hundred-
parsec-scale, massive Nessie filament. We aim to characterize the fragmentation
of the cloud covering size-scales in the range ∼ 0.1–100 pc and to connect the
smallest scales to its star-forming potential. Further, we will analyze the kine-
matics of Nessie to reveal its continuity in position-position-velocity (ppv) space,
which is essential to confirm Nessie as a single physical object, and to study
the gas motions along and across the filament. For the fragmentation char-
acterization we combine near- and mid-infrared data to derive a high-resolution
dust extinction map, from which we extract the cloud fragments at different size-
scales. The characteristics are then compared with predictions from gravitational
fragmentation models. We find that the median nearest-neighbor separations of
the fragments at all scales are similar to the ones predicted for a filament that
exhibits a Larson-like scaling between size-scale and velocity dispersion. The
kinematic information of Nessie is provided by the 13CO(2 – 1) and C18O(2 – 1)
molecular lines of the SEDIGISM (Structure, Excitation, and Dynamics of the
Inner Galactic Inter Stellar Medium) survey. Although Nessie shows several mor-
phological differences along the filament it is observed as a continuous structure
in ppv space.

In the second part of the thesis we analyze the kinematics of 283 filamentary
molecular cloud candidates in the Galactic Plane, that were previously identified
in the ATLASGAL (APEX Telescope Large Area Survey of the Galaxy) dust
continuum data. The 13CO(2 – 1) and C18O(2 – 1) data of the SEDIGISM sur-
vey allows us to analyze the kinematics of these targets and to determine their



physical properties. To do so, we developed an automated algorithm to identify
all velocity components along the line- of-sight correlated with the ATLASGAL
dust emission, and derive size, mass, and kinematic properties for all velocity
components. We find two-third of the filament candidates are coherent struc-
tures in ppv space. Also, we find a correlation between the observed mass per
unit length and the velocity dispersion of the filament of m ∝ σ2

v. We show
that this relation can be explained by a virial balance between self-gravity and
pressure. Another possible explanation could be radial collapse of the filament,
but the observation can exclude infall motions close to the free-fall velocity.
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Chapter 1

Introduction

Stars are an essential part of the Universe. They contribute to its evolution in two dif-
ferent ways. First, they are the most efficient way to create atoms that are heavier than
the primordial hydrogen and helium. These are needed to build complex molecules,
ices, dust and finally, planets and life. Second, stars, especially those of higher mass,
inject kinetic energy and momentum into the interstellar medium (ISM) primarily via
stellar winds and super novae explosions. This stellar feedback influences the ener-
getics and distribution of the ISM and can trigger or prevent the formation of new
stars. Therefore, it is necessary to understand the complete life cycle of a star. While
most phases have been studied for a long time, the paradigm of early phases of star
formation was shifted in the last decade, when new instruments revealed a new view
on the structures of gas and dust.

1.1 Formation of molecular clouds

At the beginning of the star formation process is the interstellar medium which is
composed out of different gas phases (McKee & Ostriker, 1977). Simplifying there
exists an ionized, a neutral, and a molecular phase. These phases are observed to
have distinct temperatures and densities, and can be separated by the three forms of
hydrogen (HII , HI and H2). Additionally, the ISM is enriched with dust particles, small
grains (size of ∼ 0.1 µm) composed of silicates and carbon compounds and surrounded
by ice mantles, that contribute about 1% of the mass of the medium.

The largest parts of the ISM are heated and ionized by energetic ultraviolet (UV)
radiation emitted predominantly from massive stars. However, stars are formed in the
coldest and densest phase of the ISM, in molecular clouds. To create molecular clouds
it is necessary to concentrate and cool the diffuse atomic ISM. Several processes can
contribute to the condensation of such a cloud, for example cloud-cloud collisions (e.g.,
Oort, 1954), gravitational instabilities (e.g., Goldreich & Lynden-Bell, 1965),thermal
instabilities (e.g., Field, 1965), magnetic instabilities (e.g., Parker, 1966), spiral arm
interaction (e.g., Roberts, 1969), turbulent flows (e.g., Ballesteros-Paredes et al., 1999),
or colliding flows from stellar feedback (e.g., Koyama & Inutsuka, 2000). All of these
processes may increase the density of the ISM to > 100 cm−3, where it shields itself
from the energetic radiation. Without photo-electric heating of dust grains by UV
radiation, cooling becomes dominant through radiation from metals like carbon, oxygen
or nitrogen. Therefore, the gas cools down, and becomes predominantly molecular.
Finally, the gas reaches temperatures of about 10–20 K and densities up to 105 cm−3

(Dobbs et al., 2014).
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Figure 1.1: Composite 3-color image of IC 5146 (red: SPIRE 500 µm and 350 µm,
green: SPIRE 250 µm and PACS 160 µm, blue: PACS 70 µm, Arzoumanian et al.,
2011)

For a long time these molecular clouds were mostly assumed to be almost spherical
and local variances in the density distribution cause the formation of small (∼ 0.1 pc)
gravitational unstable condensations, in which the later phases of star formation hap-
pen. Although elongated structures were observed since the 1980s (e.g., Schneider &
Elmegreen, 1979; Bally et al., 1987; Abergel et al., 1994) only since the results of the
Herschel satellite it was shown, that almost all molecular clouds inhabit linear struc-
tures, or are themselves formed in a linear way (e.g., André et al., 2010; Arzoumanian
et al., 2011; André et al., 2014). These linear structures, where the extend in one spa-
tial direction is larger than the other direction by a factor of at least three, were then
called filaments.

1.2 Filaments

Interstellar filaments are generally defined as linear structures with an aspect ratio of at
least three and a clearly enhanced density compared to the surrounding ISM. However,
depending on the study, the ratio might be larger or the density is replaced by the
column density as a criteria for continuum observations.

Filamentary structures have been observed at different wavelengths in various trac-
ers, like dust emission, dust extinction, or molecular line emission (e.g. CO, HNC,
N2H+). Also, filaments have been observed all over in the interstellar medium (e.g.,
Schneider & Elmegreen, 1979; Molinari et al., 2010; André et al., 2010; Schisano et al.,
2014; Ragan et al., 2014; Li et al., 2016) covering wide ranges of masses (∼ 1 – 105 M�)
and lengths (∼ 0.1 – 100 pc) (e.g., Bally et al., 1987; Jackson et al., 2010; Arzoumanian
et al., 2011; Hernandez et al., 2012; Hacar et al., 2013; Kirk et al., 2013; Palmeirim
et al., 2013; Li et al., 2016; Kainulainen et al., 2013; Beuther et al., 2015; Kainulainen
et al., 2017; Abreu-Vicente et al., 2016; Zucker et al., 2017).
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Filaments are seen in quiescent and star-forming clouds, in which a significant
fraction of pre-stellar cores are located (André et al., 2010; Molinari et al., 2010),
but also whole filamentary molecular clouds have been observed. This wide range
of size scales and masses suggests that the processes of filament formation, evolution
and fragmentation might also differ over the spectrum of observed structures. For
example, most filaments in nearby (< 500 pc) clouds are found to have a mass per unit
length (line-mass) that corresponds to its thermally critical value (André et al., 2010;
Arzoumanian et al., 2011, 2013), which describes the line-mass that can be supported
against gravitational collapse by the thermal motion of the gas. This critical line-mass,
mcrit, can be derived from the sound speed, cs, of the medium, which is related to
the gas temperature, by mcrit = 2c2

s/G (Ostriker, 1964), where G is the gravitational
constant. Furthermore, these filaments show a width that strongly peaks around 0.1 pc

and therefore, is conjecture to be a general a property of filaments (Arzoumanian et al.,
2011; André et al., 2014; Arzoumanian et al., 2018). Additionally, Hacar et al. (2013)
revealed that filaments in the Taurus molecular cloud, which were found supercritical
by a factor of a few based on dust continuum data, are bundles of about critical
fibers. Later analyses of the massive (mobs >> mcrit) filaments in the Orion cloud
showed similar substructures, but in a more complex morphology (Hacar et al., 2018).
However, it remains unknown whether all massive filaments are a collection of (roughly)
critical filamentary sub-structures.

Recently, the longest and most massive structures, the so called giant molecular
filaments (GMFs), came into focus of research, as these filaments seem to follow the
spiral arms of the Milky Way. The first structure of this kind identified was the Nessie
filament (Jackson et al., 2010). Nessie, initially presented as a 80 pc long infrared
dark filament, was later discussed to be even longer, about 200 pc in the ‘extended’
version, and about 500 pc as ‘optimistic’ Nessie (Goodman et al., 2014). Given the
large size and the possible association with the Scutum-Centaurus spiral arm, the idea
was raised that GMFs are the ‘bones of the Galaxy’ and build the gaseous skeleton
of the Milky Way. To further elucidate this, several studies to identify GMFs where
conducted Ragan et al. (2014); Zucker et al. (2015); Abreu-Vicente et al. (2016); Wang
et al. (2015, 2016). However, the identification methods and GMF criteria vary in
these studies. These identified GMFs where found to be located in or close to spiral
arms as well as in inter-arm regions. Further it was shown that longer GMFs have a
tendency of being associated with a spiral arm (Zucker et al., 2015), and that spiral
arm GMFs have a higher dense gas mass fraction than inter-arm GMFs (Abreu-Vicente
et al., 2016).

Similar extended filamentary structures where also found in simulations of a Galac-
tic disk (Dobbs & Pringle, 2013; Smith et al., 2014). However, while Smith et al. (2014)
resolves the long filaments within the spiral arms of their simulation, Dobbs & Pringle
(2013) see the filaments emerging from the spiral arm into the inter-arm region as so
called spurs. In further analysis of the simulation of Dobbs & Pringle (2013), Duarte-
Cabral & Dobbs (2016) and Duarte-Cabral & Dobbs (2017) show that GMFs could be
formed by Galactic shear in the following way: giant molecular clouds are formed in
the potential of the spiral arm, eventually leave the arm, and are stretched along the
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Galactic rotation in the inter-arm region. Therefore, the elongated structure will align
with the shape of the next spiral arm. The longest extent of a filament would then
be reached at the center of the spiral potential before entering the arm. Furthermore,
Duarte-Cabral & Dobbs (2017) show that these structures would only locally be gravi-
tationally bound, but are to some extend pressure confined over their whole length with
star formation appearing only in the densest parts. Also, the filament would eventually
be disrupted by the feedback of star formation or differences in the forces cause by the
shear.

Therefore, this evolutionary model for GMFs provides a possible origin for shorter,
‘normal’ filamentary molecular clouds. However, there are several possible scenarios
for the formation of filaments with lengths of a few pc. Generally, simulations of super-
sonic turbulence have shown that gas gets compressed into sheet-like and filamentary
structures (Vazquez-Semadeni, 1994; Padoan et al., 2001), where dense parts collapse
when gravity is included in the simulation (Ostriker et al., 1999; Ballesteros-Paredes
et al., 1999; Klessen & Burkert, 2000; Bonnell et al., 2003; Low et al., 2004; Tilley &
Pudritz, 2004; Krumholz et al., 2007). The source for supersonic turbulence in the
ISM can be supernovae, stellar winds from massive stars, expanding HII regions, cloud
cloud collisions, radiation pressure, or galactic spiral shocks, which can form giant
molecular clouds. To form a filament, two planar shock waves created by supersonic
turbulence need to intersect. The intersection of two planes is a linear structures, hence
a filament (Pudritz & Kevlahan, 2013). The formation of the filament is not depen-
dent on gravity. However, only if the filament is massive enough to be gravitationally
bound, it can further evolve to form stars. Gravitationally unbound filaments will be
eventually dispersed by the turbulence. Additionally, magnetic fields can support or
prevent the formation of filaments dependent on their strength and orientation. These
can also influence accretion flows along and radially onto the filament, which has been
seen in observations and simulations (Schneider et al., 2010; Peretto et al., 2013, 2014;
Henshaw et al., 2014; Smith et al., 2015). In general, the formation and evolution of
filaments is a highly dynamical process.

In the further evolution of filaments, fragmentation occur into about equally spaced
clumps, which are the sites of star formation. Theoretical predictions of gravitational
fragmentation models are developed for near-equilibrium cylinders, which are typically
derived from linear perturbations applied on a static initial configuration (Jeans, 1902;
Chandrasekhar & Fermi, 1953; Inutsuka & Miyama, 1992). These models predict a
periodic pattern with a specific wavelength, which is not scale-dependent. However, the
fragmentation pattern depends on the density of the filament and therefore, filaments
with different densities have different fragmentation wavelengths.

Two commonly used fragmentation models are the spherical Jeans’ instability model
(Jeans, 1902) and the fragmentation of an infinitely long, self-gravitating cylinder
(Chandrasekhar & Fermi, 1953; Inutsuka & Miyama, 1992). For both models the frag-
mentation wavelength, λf , is dependent on the sound speed, cs, within the medium and
its density, ρ, where λf ∝ cs and λf ∝ ρ−

1
2 . However, Jeans’ fragmentation uses the

average density of the structure and the density in the cylinder model fragmentation
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is derived from the central density. Therefore, to compare both models it is necessary
to know the radial profile of the filament, which is also topic of current studies.

As we know, observed structures are more complex than the static initial configu-
ration of these models. However, evaluating the model for different conditions is one
way to approach complex configurations like non-isothermal, or turbulent filaments.

Many studies on the various processes of filament formation, evolution and frag-
mentation have been carried out within the last decade. However, our understanding of
these processes arises only from a relatively limited sample of structures. This includes
mainly nearby star-forming regions, e.g. Orion, Musca and Taurus (Bally et al., 1987;
Takahashi et al., 2013; Hacar et al., 2016; Kainulainen et al., 2015, 2017), and promi-
nent infrared dark structures, e.g., “Nessie” and G11.11−0.12 (Johnstone et al., 2003;
Pillai et al., 2006; Schneider et al., 2010; Jackson et al., 2010; Kainulainen et al., 2013;
Henshaw et al., 2014). This selection of structures is mainly based on observational
issues. Nearby (< 500 pc) sources can be spatially resolved down to ∼ 0.1 pc with sin-
gle dish telescopes in the sub-millimeter range and infrared dark sources are generally
bright in dust and molecular line emission. However, the increasing capabilities of the
observing facilities allow the analysis of further filaments.

Recently conducted surveys of the Galactic plane, like Hi-GAL (Molinari et al.,
2010), or ATLASGAL (Schuller et al., 2009), have a spatial resolution to allow an
unbiased search for filamentary structures. To do so, several algorithms have been
developed like filfinder (Koch & Rosolowsky, 2015), or have been adjusted for this
purpose, like DisPerSE (Sousbie, 2011). As a result, there are three catalogues of
filaments identified on continuum data Schisano et al. (2014); Koch & Rosolowsky
(2015); Li et al. (2016). Additionally, extremely long filaments were visually identified
(Wang et al., 2015, 2016; Ragan et al., 2015; Zucker et al., 2015; Abreu-Vicente et al.,
2016), also including the mid-infrared GLIMPSE survey (Churchwell et al., 2009),
which shows filamentary structures in extinction.

1.3 Observations

Within this thesis, we will make use of different observational data. Most of these data
were obtained in previously conducted surveys. Here I want to give a brief introduc-
tion to the observed molecular line and dust emission and introduce the used surveys,
which are ATLASGAL (APEX Telescope Large Area Survey of the Galaxy, Schuller
et al., 2009), ATLASGAL+PLANCK (ATLASGAL combined with PLANCK, Csen-
geri et al., 2016), and SEDIGISM (Structure, Excitation and Dynamics of the Inner
Galactic InterStellar Medium, Schuller et al., 2017). For more detailed information I
refer to the standard literature, like ’Tools of Radio Astronomy’ by Rohlfs & Wilson
(2004)

1.3.1 Molecular lines

In the coldest and densest regions of the Galaxy, atoms can form molecules. Because
of the binding of the atoms molecules can have additional to the electronic states also
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vibrationally and rotationally excited states. Generally, the emission emerging from the
transition of molecules between the different excited states creates a specific spectrum
that can be used to to identify the molecules in the ISM. This spectrum is shifted by the
Doppler-effect due to relative motions between the molecules and the observer, allowing
to measure the kinematics of the emitting regions. Transitions between the electronic
states will emit in the ultra-violet and optical frequency range, vibrational transitions
emit in the infra-red, and rotational transitions in the millimeter and sub-millimeter
range. However, under the cold conditions of star forming regions typically only the
rotational transitions will be excited.

The most abundant molecule in the universe is the molecular hydrogen (H2), which
is difficult to observe because of it does not have a dipole moment due to its symmetry.
The second most abundant molecule is carbon monoxide (CO) and therefore, is often
used to trace the molecular gas, when the abundance ratios are known (a typical
CO-to-H2 ratio is 10−4, Bolatto et al., 2013; Giannetti et al., 2017). As a diatomic
molecule, CO provides simple transition spectra, where the transition energies between
the different rotational states EJ can be derived by

EJ =
~2

2µr2
J(J + 1) (1.1)

where J is the quantum number of the lower state, ~ = h/2π with h the Planck-
constant, µ = m1m2

m1+m2
is the reduced mass, with the masses m1 and m2 of the consti-

tuting atoms, and r the distance between the atoms. The lowest energy levels are only
5.5 K above the ground state and easy excited under typical temperatures of 10 – 20 K

in the cloud.
In addition, the low critical density of CO and its isotopologs due to their low

dipole moments allows observations of molecular gas with densities of about 103 cm−3.
However, towards the densest regions the main isotopolog of carbon monoxide, 12C16O
is mostly optically thick, and hence, it will not trace all the gas in the line-of-sight.
Therefore, we will use the 13C16O and 12C18O isotopologs, which have an abundance
about 60 and 560 times lower than 12C16O (Wilson & Rood, 1994) and a correspond-
ingly lower optical depth which allows to measure the number of molecules on a given
line-of-sight (column density).

1.3.1.1 SEDIGISM

The SEDIGISM survey (Structure, Excitation and Dynamics of the Inner Galactic
InterStellar Medium) (Schuller et al., 2017) is a spectrometric survey of the frequency
range from 217 GHz to 221 GHz. It covers the inner Galactic plane between −60◦ ≤
` ≤ 18◦ and |b| ≤ 0.5◦. The observations were performed with the SHeFI heterodyne
receiver (Vassilev et al., 2008) at the APEX 12 m telescope in the years from 2013
to 2016. The survey was designed to primarily target the 13CO(2 – 1) and C18O(2 – 1)
molecular lines with a spectral resolution of 0.25 km s−1 and a spacial resolution 30′′.
At this resolution the average root-mean-square (RMS) noise of the survey is 0.9 K

(TMB) with a pixel-size of 9.5′′. Therefore, the SEDIGISM survey extends the Galactic



1.3. Observations 9

Figure 1.2: Total integrated 13CO(2 – 1) intensity map of a SEDIGISM field.

Ring Survey (GRS, 0.21 km s−1, 46′′ Jackson et al., 2006) over the rest of the inner
Galactic plane. The data will be released to the public.

1.3.2 Thermal dust continuum

Every body in the universe emits thermal radiation specific for its temperature. This is
also the case for the dust in the ISM. As previously mentioned, dust makes up about 1%
of mass of the ISM in the Milky Way. The dust particles are heated by high energetic
ultraviolet radiation and emit this energy over the frequency spectrum of a modified
blackbody (Planck-function), as so-called gray-body, Iν(T ) = Bν(T ) · (1− e−τν ), where
τnu is the optical depth at the observed frequency ν, and Bν(T ) = ε · 2hν3

c2
1/(e

hν
kT −1) is

the Planck-function, where ν is the frequency of the emission, T is the dust temperature,
h is the Planck’s constant, c is the speed of light, and kB is the Boltzmann’s constant
(Dent et al., 1998). The dust temperature in the ISM is typically 10 – 100 K, which
leads to significant emission in the wavelengths between 10 µm and 1000 µm. As the
thermal dust emission is optically thin for most of the ISM, it is an ideal tracer for
the column density of the medium. As such, several dust emission surveys have been
conducted, of which I now want to introduce: the ATLASGAL and PLANCK survey,
and their combination.

1.3.2.1 ATLASGAL

The APEX Telescope Large Survey of the Galaxy (ATLASGAL) was conducted by
Schuller et al. (2009) with the Large APEX Bolometer Camera (LABOCA) at 870 µm

between 2007 and 2010 at the Atacama Pathfinder Experiment (APEX) telescope
(Güsten et al., 2006) located on the Chajnantor plateau in Chile. With the 12 m

antenna of the APEX telescope the spatial resolution of the survey is 19.2′′ (6.0′′ per
pixel). The survey covers the inner Galactic plane between −80◦ ≤ ` ≤ 60◦ and
|b| ≤ 1.5◦. Because of the relatively short wavelength the ATLASGAL survey is most
sensitive to the cold dust, and it traces mainly the high molecular hydrogen column
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Figure 1.3: ATLASGAL dust continuum map.

density regions (NH2 ≥ 1.0 × 1022 cm−2) of the ISM. The sensitivity of the survey is
in the range of 40–70 mJy/beam for the 1σ RMS noise.

As the ATLASGAL survey traces the high column density gas at a modest spatial
resolution, it is ideal to identify the densest, most massive structures in the inner
Galaxy. This was done in three different approaches, which will be discussed in Section
1.4. However, there are also caveats to the ATLASGAL data. One is the missing large
scale low column density emission due to sky noise subtraction. Therefore, we are not
able to see the large-scale structures that might connect the dense condensations and
put them into a larger picture of star formation. Another caveat is the general lack of
information in a third dimension, which is true for all continuum data. Without such
radial velocity data it is not possible to separate the emission from two or more distinct
sources along a given line-of-sight. This is especially a problem towards the Galactic
center, where the gas is more dense and the line-of-sight passes through multiple spiral
arms.

1.3.2.2 ATLASGAL + PLANCK

As mentioned before, the ATLASGAL data is missing the large scale dust emission
due to sky noise subtraction. To address this Csengeri et al. (2016) combined the
ATLASGAL data with data observed by the PLANCK space mission. PLANCK’s main
objective was to observe the cosmic microwave background all over the sky. However,
to achieve this, it is also necessary to measure all foreground emission. Therefore,
PLANCK observed the sky with the HFI instrument at several frequencies including
353 GHz (850 µm) with a spatial resolution of 4.8′ (Lamarre et al., 2010; Planck
Collaboration et al., 2014).

The combination of the two datasets is performed in the Fourier domain following
the method of Weiß et al. (2001). The combined ATLASGAL+PLANCK survey data is
sensitive to a wide range of spatial scales at a resolution of 21′′ covering the same region
as the original ATLASGAL data on the same pixel grid. However, the additional large
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Figure 1.4: ATLASGAL + Planck dust continuum map.

scale emission leads to a larger line-of-sight confusion, especially towards the Galactic
mid-plane. Therefore, mass estimates based on these data might need to corrected for
foreground and background emission.

1.4 Catalogs

1.4.1 The ATLASGAL sample of filaments

As discussed before, the ATLASGAL dust emission traces the small scale high column
density gas. Therefore, Li et al. (2016) used the data to identify all filamentary struc-
tures in the survey. To do so, they used the DisPerSE (Discrete Persistent Structures
Extractor, Sousbie, 2011) algorithm. This algorithm is optimized for the identification
of large spatially coherent structures by following the ridges of lowest intensity gradi-
ents, and has been successfully used to trace filaments in previous studies (e.g., Hill
et al., 2011; Arzoumanian et al., 2011). Thereby the algorithm is sensible to the noise
level. Therefore, the ATLASGAL data was smoothed to a spatial resolution of 42′′.

The identified structures do not all fit the definition of a filament as given before,
as the data has no information on the velocity coherence. Therefore, this study can
only provide a catalog of filament candidates. Additionally, the found structures vary
in their morphology and complexity from roundish clumps to large web-like structures.
To select the filament candidates, Li et al. (2016) defined a filament as single elongated
linear structure with relatively few branches with an aspect ratio of at least 3, that
is clearly resolved across its length and width. Despite the preferred interest in the
filamentary structures, the remaining structures were also separated in different cat-
egories. Therefore, all structures were categorized through visual inspection into six
groups: unresolved clumps, marginally resolved elongated structures, filaments, net-
works of filaments, complexes, and unclassified structures. This classification resulted
in a finding of 517 filament candidates.

The biggest caveat of this method is the missing velocity information, which leads
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Figure 1.5: Structures identified by the DisPerSE algorithm (red lines, Sousbie, 2011)
on top of ATLASGAL dust emission (gray scale). (Li et al., 2016)

to line-of-sight projection effects. Physically unconnected structures emit towards the
same line-of-sight, which creates a stronger signal and can connect extended structures
in the projected plane. Therefore, morphologies towards regions of high column den-
sities, like the Galactic center, are likely to be more complex. This can be seen in the
drop of the number identified structures towards the Galactic center (Li et al., 2016).
Furthermore, this catalog of filament candidates is unlikely to be complete because
of the limited sensitivity and resolution. However, because the large coverage of the
Galactic plane, which includes structures at a wide range of distances, it is likely to
include the full range of sizes and masses of filamentary type structures.

1.4.2 ATLASGAL clump catalogs

As high-mass stars have a large impact on the dynamics of the ISM through different
types of feedback, like high energy radiation, outflows, or super novae, it is essential
to understand there formation. As mentioned before, the ATLASGAL data traces the
highest column density gas in the Galaxy and therefore, is ideal to identify the densest
and most massive clumps, which are likely to form high-mass stars. As a result there
are two clump catalogues based on different extraction methods from ATLASGAL.

The Compact Source Catalogue (CSC) catalogue from Contreras et al. (2013) and
Urquhart et al. (2014) was produced by using the SExtractor code (Bertin & Arnouts,
1996) on the ATLASGAL data. The sources were identified as emission peaks over a
threshold three times the local rms noise with a covered area larger than one beam.
This way, 10163 massive, dense clumps were identified, which include all cold dense
clumps (< 25 K) with masses ≥ 1000 M� at a heliocentric distance of ≤ 20 kpc.
Several follow up studies were performed on this catalog, where Urquhart et al. (2018)
provides distances and evolutionary phases for most of the sources. The sources of the
GaussClump Source Catalog (GCSC) from Csengeri et al. (2014) were identified by the
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GaussClump algorithm (Stutzki & Guesten, 1990; Kramer et al., 1998), which is fitting
a two dimensional Gauss to every intensity peak above 5σrms. Leading to a catalog
of 10861 sources, which are complete to > 99% above a σrms threshold. The catalogs
have a significant overlap, however, about 1600 CSC sources are associated with two or
more GCSC sources, as the Gauss fit can separate close sources more likely, and about
2500 CSC sources have no counterpart in the GCSC catalog as their peak intensity is
below the 5σrms threshold. In this theses I will make use of both catalogs in different
studies.

1.4.3 Hi-GAL clump catalog

The Hi-GAL clump catalog (Molinari et al., 2016) is based on the Hi-GAL dust con-
tinuum survey (Molinari et al., 2010) performed with the Herschel Space Observatory
at wavelength of 70, 160, 250, 350 and 500 µm in the region of 68◦ > l > −70◦ and
|b| ≤ 1◦. In these five bands 123210, 308509, 280685, 160972, and 85460 compact
sources have been identified using the CuTEx algorithm, which analyses the local in-
tensity variations and selects sources above a 2σrms local noise threshold. For 100922
sources associations in the different band could be found, allowing analysis of their
properties and evolutionary phase (Elia et al., 2017).

1.5 Motivation and Outline

As discussed before, filamentary structures are found ubiquitously in the ISM and
cover a large range of size scales. Many mechanisms are discussed to explain the
formation of these structures in a theoretical and numerical simulation context, while
observational constraints are still being established. Nearby filaments are found to
be mostly thermally stable and fragmenting into clumps; these can be described by
cylindrical or spherical fragmentation patterns. However, this process leads only to
the formation of low-mass stars. It remains unclear whether high-mass stars can be
formed through fragmentation of massive filaments. Therefore, it will be necessary to
understand the complete life-cycle of massive filaments. In particular, the following
questions need to be answered: what are the processes responsible for the filament
formation? Are they different from one filament to another? Are massive filaments
stable against gravitational collapse or are they transient objects, which channel the
gas motion radially onto and along its length? Does fragmentation of massive filaments
lead to the formation of high-mass stars?

Recent surveys covering the inner Galactic Plane with different tracers not only
reveal the ubiquity of filamentary structures in the ISM, but also allow to study these
filaments. In particular, survey data allows to study the largest structures, GMFs,
which can be longer than 1◦, as well as a significant number of ‘average’ massive
filaments.

In this thesis I will use data of several surveys to investigate the formation, evo-
lution and fragmentation of the first GMF identified, the massive Nessie filament. In
Chapter 2 I will use combined near- and mid-infrared dust extinction measurements
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to analyze the fragmentation characteristics of this archetypal structure and its star
formation rate. I then study in Chapter 3 the kinematics of the extended Nessie using
SEDIGISM molecular line data and their correlation with massive clumps identified
from dust continuum data to reveal the variation of star formation along this GMF.
Chapter 4 shows the capabilities of analyzing ATLASGAL identified filaments with the
SEDIGISM survey based on this survey’s science demonstration field, which is then ex-
tended to the whole survey in Chapter 5 to study the kinematics and gravitational
stability. I then summarize and draw conclusions in Chapter 6 and give an outlook for
the continuation of these studies in Chapter 7.



Chapter 2

Structure and fragmentation of a
high line-mass filament: Nessie

The following Chapter is based on a study performed for my Master Thesis at the
University of Heidelberg. Parts that are a direct result of the Master Thesis and con-
tributions of co-authors are marked by footnotes. The Chapter is published under M.
Mattern, J. Kainulainen, M. Zhang and H. Beuther, 2018, A&A, 616, A78.

2.1 Introduction

Star formation is an important process in the evolution of galaxies and the Universe. It
plays a crucial role in gas-to-stars conversion through parameters such as star-forming
rate (SFR) and star-formation efficiency (SFE), and the initial mass function (e.g.,
McKee & Ostriker, 2007; Hennebelle & Falgarone, 2012; Padoan et al., 2014). Star for-
mation takes place in dense regions of molecular clouds, which appear to be commonly
composed of filamentary structures (Schneider & Elmegreen, 1979; Arzoumanian et al.,
2011; Hacar et al., 2013; Schisano et al., 2014; Li et al., 2016; Kainulainen et al., 2017;
Stutz & Gould, 2016, see André et al. 2014 for a review). Filaments are observationally
defined as any elongated structures with an aspect ratio larger than approximately five
and a clearly higher density than their surroundings (Myers, 2009). Given the link
between filamentary structures and star formation, the processes driving the formation
and evolution of filaments are linked with SFR and SFE. However, these processes are
still not well understood.

Specifically, the physics of filament fragmentation is not well known. This is mostly
because determining the basic characteristics of filaments is observationally challenging,
as the cold molecular hydrogen is invisible to observations. Therefore, different tracers
and techniques are needed to determine its distribution and properties (e.g., Lombardi
& Alves, 2001; Goldsmith et al., 2008; Goodman et al., 2009; André et al., 2014).
Each of the techniques is sensitive to different density regimes and has different spatial
resolution. For studies of the structures related to star formation, the resolution should
clearly resolve the Jeans’ length. This is about 0.1 pc for typical conditions of a
molecular cloud (gas temperature T = 15 K, average density n(H) = 105 cm−3). This
currently limits the observations to mostly nearby (< 500 pc) clouds. Interferometric
observations can increase this resolution further, but they have their own caveats (e.g.,
spatial filtering, slow mapping speed).

However, the nearby clouds that can be systematically mapped in high-enough
resolution are mainly low-mass clouds, containing mostly low line-mass filaments (mass
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per unit length of (M/l) . a few ×10 M�) forming almost exclusively low-mass stars.
An exception to this is the integral shaped filament in the Orion A cloud (at distance
414 pc, Menten et al., 2007) whose fragmentation has been analyzed in high resolution
using interferometric data (e.g., Takahashi et al., 2013; Teixeira et al., 2016; Kainulainen
et al., 2017). In general, however, our current observational picture of filaments is
mostly built by data on low-mass clouds. Filaments that have much higher line masses
((M/l)� 100 M�), and may also be able to form high-mass stars, have been identified
in numbers, but they are typically located at farther distances (e.g., Jackson et al.,
2010; Hernandez et al., 2012; Busquet et al., 2013; Kainulainen et al., 2013; Ragan et al.,
2014; Wang et al., 2014; Beuther et al., 2015; Abreu-Vicente et al., 2016; Henshaw et al.,
2016; Li et al., 2016; Wang et al., 2016). Modern facilities are only just approaching
the ability to study them systematically at a resolution that resolves the Jeans’ scale.

Recently, Kainulainen & Tan (2013) developed a dust-extinction-based method that
allows studying infrared dark molecular clouds at a resolution of ∼ 2′′ over a wide
dynamic range of column densities, using a combination of near- and mid-infrared
observations (see also Lombardi & Alves, 2001; Kainulainen et al., 2011; Butler & Tan,
2012). This method allows us to analyze the internal structure of clouds up to several
kpc distance at ∼ 0.1 pc resolution, enabling fragmentation studies of high line-mass
filaments.

With the high-resolution mapping technique in hand, we can address a basic ques-
tion related to filament fragmentation: What are the fragmentation characteristics of
massive filaments and are they in agreement with gravitational fragmentation models?

In this paper, we take advantage of the high resolution provided by the Kainulainen
& Tan (2013) extinction-mapping technique and analyze the fragmentation character-
istics of a ∼ 100 pc-long, high line-mass filamentary cloud known as "Nessie" (Jackson
et al., 2010). It is supposedly located within the Scutum-Centaurus Arm of the Milky
Way (Goodman et al., 2014; Ragan et al., 2014; Zucker et al., 2015; Abreu-Vicente
et al., 2016). The high resolution allows us to characterize the cloud structure and to
gauge the fragmentation processes over a wide range of scales (∼ 0.1 pc – 100 pc). We
use the dust extinction mapping technique in conjunction with the near-infrared (NIR)
data from the ESO/VISTA telescope and mid-infrared (MIR) data from the Spitzer
satellite. We subsequently analyze the derived column density map with a hierar-
chical structure-identification technique and examine the fragmentation of the cloud
over multiple size-scales. The results are then compared with theoretical models and
other clouds in the literature. Finally, we compare our identified small-scale structures
to clumps identified in low-resolution (∼ 20”) dust emission maps by Csengeri et al.
(2014). This demonstrates how structures identified from data with ten times lower
resolution are seen to fragment when viewed in finer detail.
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2.2 Data

2.2.1 Infrared data and data reduction

We employ NIR imaging data from the VVV (VISTA Variables in the Via Lactea)
survey (Saito et al., 2012) at the 4.1 m VISTA telescope of the Paranal Observatory.
The calibrated and reduced data are publicly available in the ESO archive. Specifically,
we used the J, H, KS spectral bands of the tiles d069 and d068. For each filter band
there are two texp = 80 s exposures and additionally there are 8 and 12 texp = 16 s

exposures of tiles d069 and d068 in the KS band, respectively. The pixel size of the
images is 0.34” × 0.34”. Detailed information about the observations can be found
in Table A.1 in the appendix. We stacked the observations and performed point-
spread-function (PSF) photometry with the daophot package (Stetson, 1987) using the
Image Reduction and Analysis Facility (IRAF) software. The PSF model was created
from bright isolated stars with the model radius of rPSF = 1.5”. The different spatial
resolutions of the single-observation epochs has no significant effect on the photometry
as we show in Appendix A.2. The daophot algorithm identifies and extracts extended
sources and cosmic rays, and we expect only a very low contamination of the data
by galaxies because we are looking through the galactic mid-plane. The zero-point
magnitudes were defined by comparing the resulting magnitudes of the stars with the
corresponding stars of 2MASS, that are flagged as good photometric quality (Skrutskie
et al., 2006; Cutri et al., 2003). This resulted in zero-points Jzpt = 21, 21 mag, Hzpt =

21, 22 mag, and KS,zpt = 20, 88 mag. The resulting data show the expected shape in
the NIR color-color scatter plot (Fig. 2.1), with a bump for the main sequence stars
and an elongated distribution for stars with varying reddening. We also tested the
photometry measurements for completeness by adding artificial stars. We could identify
all artificial stars up to a magnitude of about Jcom = 16.5 mag, Hcom = 15.5 mag, and
KS,com = 15.0 mag.

We also employ MIR 8 µm imaging data from the Spitzer/GLIMPSE survey, data
release 5 (Benjamin et al., 2003; Churchwell et al., 2009). The pipeline-reduced (S13.2.0
1v04) images were retrieved from the IRSA1 database and used as such. The 8 µm

image has a spatial resolution of 2.4′′ and a pixel size of 1.2′′ times 1.2′′. The used
tile is centered around RA = 16 : 43 : 14.08, DEC = −16 : 00 : 15.92. The effective
integration time of the tile is 1.2 s.

2.2.2 ATLASGAL data

We also use data from the APEX telescope large area survey of the galaxy (ATLAS-
GAL, Schuller et al., 2009) for a comparison with our extinction data. The survey was
obtained by the Millimeter and Submillimeter Group of the Max-Planck-Institut für
Radioastronomie from 2007 to 2010 at the Atacama Pathfinder Experiment (APEX)
located on Chajnantor in Chile. The survey instrument was the Large APEX Bolome-
ter Camera (LABOCA) observing at 870 µm, which traces the thermal dust emis-

1http://irsa.ipac.caltech.edu/data/SPITZER/GLIMPSE/

http://irsa.ipac.caltech.edu/data/SPITZER/GLIMPSE/
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Figure 2.1: NIR color-color diagram of all sources in the mapped area extracted from
the VVV survey with the photometric errors lower than 0.02 mag. The blue crosses
indicate non-reddened intrinsic colors of stars (Bessell & Brett, 1988). The arrow shows
the reddening for an extinction of AV = 10 mag

.

sion. The resolution of the survey is Ω = 19.2” with a sensitivity in the range of
40− 70 mJy/beam. The maps covering the Nessie filament are centered at l = −22.5◦,
b = 0.0◦ and l = −19.5◦, b = 0.0◦ and were observed on August 18 and 21 of 2007.
The flux per beam, Fν , of the ATLASGAL map can be used to estimate the hydro-
gen column density N(H2) under the assumptions of a constant gas-to-dust ratio of
R = 100 and a dust opacity of κ345 GHz = 1.85 cm2 g−1, which was extrapolated by
Schuller et al. (2009) based on the work of Ossenkopf & Henning (1994),

N(H2) =
FνR

Bν(Td)ΩκνµH2mH
(2.1)

Bν(Td) is the Planck function at the dust temperature Td, mH is the mass of a hydrogen
atom, and µH2 the mean molecular weight of the interstellar medium with respect to
hydrogen molecules, which is 2.8 (Kauffmann et al., 2008).

Csengeri et al. (2014) have identified clump-like structures from the ATLASGAL
data using two-dimensional (2D) Gaussian fitting (Gauss Clump Source Catalog,
GCSC). It provides the position, peak flux F ′ν and integrated flux Sν , the half maxi-
mum major and minor axes and the position angle of the clumps. We then calculated
the masses of the clumps from (Schuller et al., 2009):

M =
SνRd

2

Bν(Td)κν
, (2.2)

where R is the gas-to-dust ratio and d the distance towards the clump.
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2.3 Extinction mapping technique2

We employ the technique from Kainulainen & Tan (2013), which is based on combining
extinction maps made at two wavelength regimes: in NIR using NICER (Near-Infrared
Color Excess Revisited, Lombardi & Alves, 2001) and in MIR using the absorption
against the Galactic background (e.g., Peretto & Fuller, 2009; Butler & Tan, 2012).
Below, the implementation of the two techniques is explained in detail.

2.3.1 NICER method

We use the NICER method in conjunction with JHKS photometric data of the VVV
survey. The method is based on NIR color measurements of stars shining through
the molecular cloud and comparison of those with stars of a reference field that is
(optimally) free from extinction. The observed reddening towards the cloud region is
used to estimate the extinction by adopting a wavelength dependent reddening law.
The extinction values towards each star are then used to derive a spatially smoothed
dust extinction map.

This method is straightforward when applied for nearby clouds (d < 500 pc, e.g.,
Lombardi et al., 2006; Froebrich et al., 2007; Juvela et al., 2008; Goodman et al.,
2009; Kainulainen et al., 2009), where the contamination due to stars between the
cloud and the observer is small. The extinction towards more distant clouds might
be underestimated because of these (mostly unreddened) foreground stars, especially
in high-extinction regions where the fraction of foreground sources is high (Lombardi,
2005). The foreground stars do not trace the dust reddening caused by the cloud,
but only the reddening along the line of sight until the cloud. Therefore, foreground
sources should be removed as accurately as possible, which is challenging in practice
because of the degeneracy between the intrinsic colors of stars and reddening caused
by extinction.

The subtraction of the foreground is also necessary for the reference field (see,
Kainulainen et al., 2011). Due to diffuse dust in the Galactic plane, stars in the
reference field, located at the same distance as stars behind the cloud, are redder than
the ones at closer distance. Therefore, foreground stars shift the mean color of the
reference field towards blue, which leads to an overestimation of the extinction. For
the implementation of the NICER method we have to find a reliable way to remove the
effect of the foreground stars. This is described in the following.

First, we derive a "dirty" extinction map using arbitrary reference colors and use
this map to identify low- and high-extinction regions. The low-extinction region (Fig.
2.2; 338.39◦ < l < 338.58◦;−0.36◦ < b < −0.21◦) is then used as a control field to
estimate the reference colors, indicating the average star colors without dust reddening
by the cloud. In the regions of high extinction, identifying foreground stars is simple:
they appear as a distinct feature in the frequency distribution of individual extinction
measurements (cf., Kainulainen et al., 2011). For regions of lower extinction the feature

2I used the same method as for the work described in my Master thesis, but here we used improved
data.
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is less distinct, but under the assumption of uniformly distributed foreground stars the
position and width of the frequency distribution remains the same; this fact can be used
to statistically subtract the contribution of foreground stars to the reference field colors.
To do this, we fit a Gaussian function, Gfg, to the peak of the foreground stars in the
extinction histogram H(AV ) (Fig. 2.3) and subtract these stars in a statistical sense
from the distribution. To achieve this, we add a weighting term (Wfg(Â

(n)
V ), see Fig.

2.3) into the original NICER method. This weighting term suppresses the contribution
of stars that might be foreground stars, and it is calculated in the following way

Wfg(Â
(n)
V ) =

H(AV )−Gfg

H(AV )
. (2.3)

The weighting term is introduced into Eq. (15) of Lombardi & Alves (2001) as shown
here:

W (n) =
W (θ − θ(n)) ·Wfg(Â

(n)
V )

Var(Â(n)
V )

, (2.4)

where W (n) is the weighting of the nth star, W (θ− θ(n)) is the weight for the distance
between the actual location θ and the location of the nth star θ(n), Wfg(Â

(n)
V ) is the

foreground weight based on the estimated extinction of the nth star, and Var(Â(n)
V ) is

variance of the estimated extinction of the nth star.
With this method the contribution of foreground stars was subtracted statistically

from the mean color of the reference field to calculate an estimate of the mean color
of the stars in the background of the cloud. The statistical subtraction is done in the
JHK-color-color space, where the density of foreground stars was subtracted from the
density of the reference field stars in each color-color bin. Subsequently, the foreground-
corrected number of stars per bin was calculated from the resulting density in the
reference field. The foreground-corrected mean color was calculated from this sample
of stars, which is also the estimate of the background color. The JHK-color-color
histograms of the reference field before and after correction are shown in Appendix
A.3.

With the foreground-corrected reference color and the method for extracting fore-
ground sources, the "true" NIR extinction map was calculated. The spatial resolution
of the map is given by the width of the Gaussian smoothing function that is used to
smooth the pencil-beam measurements towards the stars onto the map grid. The pixel
size is chosen following the surface number density of background sources so that even
in high-extinction regions, where the density is lower, each pixel covers at least two
stars. For the VVV data we concluded that a pixel size of 24" is sufficient, which leads
to a beam width of 48".

2.3.2 Mid-infrared extinction measurement3

We use the MIR imaging data from the GLIMPSE survey to estimate extinction
through the cloud at 8 µm. Generally, the technique is based on the extinction of

3The mid-infrared extinction measurement was performed by a co-author.
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Figure 2.2: Extinction maps of Nessie derived using the NIR data of the VVV survey
(top), MIR data of the Spitzer Space Telescope (center) and their combination (bot-
tom). The black areas indicate regions of bright MIR emission that hampers extinction
mapping. The red rectangle marks the area used for estimating the reference colors
for the NICER method. The white circle marks the high-extinction region used to
estimate the MIR foreground emission.

the diffuse MIR emission from the Galactic plane by the dust of the cloud (see, e.g.,
Johnstone et al., 2003; Peretto & Fuller, 2009; Butler & Tan, 2012). If we consider
a simplistic geometry in which the intensity of radiation behind the cloud is I0, the
intensity right in front of the cloud is I1 = I0e

−τ8 , in which τ8 refers to the optical
depth at the Spitzer 8 µm band. An observer detects the intensity Iobs,1, which in
addition to I1 contains the intensity Ifg that is emitted from between the cloud and



22 Chapter 2. Structure and fragmentation of Nessie

Figure 2.3: Left: The black line shows a histogram of the calculated extinction from a
high-extinction region. The red line marks the Gaussian fitted to the peak of foreground
stars. Right: The black line shows the empirical weighting function, which is derived
as shown in Eq. 2.3. The red line shows the fitted function, which is then introduced
into the weighting function of the NICER method (Eq. 2.4).

the observer, that is, Iobs,1 = I1 + Ifg. A line-of-sight off the cloud does not exhibit
extinction and the observed intensity is Iobs,0 = I0 + Ifg. Combining these relations,
one can solve the optical depth

τ8 = ln
Iobs,0 − Ifg

Iobs,1 − Ifg
. (2.5)

Thus, the optical depth along the line of sight can be estimated through measurements
of the off-cloud and foreground intensities.

Various approaches have been used in the past to estimate the off-cloud and fore-
ground intensities (see, e.g., Johnstone et al., 2003; Peretto & Fuller, 2009; Ragan et al.,
2009; Butler & Tan, 2012). We follow an approach similar to Butler & Tan (2012) to
which we refer for a thorough description and discussion; we describe here only the
implementation of the technique in our case. The off-cloud intensity is estimated using
a median-filtered 8 µm map. Prior to the filtering, the most prominent dark features
are masked from the map by using a threshold intensity of 46 MJy sr−1. The filter size
defines the upper limit of the structures the map is sensitive to. However in our case, we
will later combine the MIR-derived map with the NIR-derived map that probes spatial
scales larger than 24′′. Therefore, the filter function width is not a crucial choice for us,
as long as there is some overlap of scales probed by the MIR and NIR maps. Following
the discussion in (Ragan et al., 2009), we chose the filter width of 3′.

The foreground intensity is estimated with the help of the pixels with lowest inten-
sities (i.e., highest extinctions) in the 8 µm data. If several independent high-extinction
regions show similar intensities, one can assume that such locations are opaque and the
intensity towards them is a reasonable estimate of the foreground intensity. The small-
est intensities detected in the cloud area are Iobs,1 = 24.6 MJy sr−1. There are three
independent locations in the cloud where the intensity is within 2σrms of this value (the
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rms noise, σrms, of the GLIMPSE data is ∼0.6 MJy sr−1, Reach et al., 2005). One of
them (l, b = 337.895◦, −0.563◦) is extended, containing tens of pixels, which indicates
that the region is indeed saturated. The number of saturated regions is relatively low
given the large extent of the cloud on the sky; it would be preferable to have numerous
saturated regions along the cloud. Regardless, we adopt the value of 24 MJy sr−1

for the foreground intensity. We note that the resulting fraction of foreground emis-
sion, that is, Ifg/Iobs,0 ≈ 45%, well in the range of the foreground intensities typically
determined for IRDCs (e.g., Butler & Tan, 2012).

Following the estimation of the off-cloud and foreground intensities, Eq. 2.5 is used
to compute an optical depth map for Nessie. Finally, the map is converted into units
of visual extinction by adopting the ratio between 8 µm and V band optical depths
(based on Cardelli et al., 1989; Ossenkopf & Henning, 1994, see Kainulainen & Tan
2013)

AV = 33.6τ8. (2.6)

The resulting extinction map is shown in Fig. 2.2.

2.3.3 Combined near- and mid-infrared extinction measurement

We have now derived the NIR and MIR extinction maps; both show some advantages
and disadvantages. The NIR data are sensitive to low column densities, but are at
low resolution. The MIR data are at good resolution, but are much less sensitive.
Therefore, we now want to combine them and use the NIR data to recalibrate the MIR
data, thus gaining high spatial resolution of the MIR data while imposing the good
calibration of the NIR data on them. The combination of NIR and MIR extinction
maps follows the scheme described in Kainulainen & Tan (2013). The combined maps
deliver a higher dynamic range of extinction compared to maps computed from NIR
or MIR data alone (Fig. 2.2). The correlation between the two maps is shown in
Appendix A.4.

The combined map is then converted to molecular hydrogen column density by
applying the conversion of Savage et al. (1977); Bohlin et al. (1978); Rachford et al.
(2002):

N(H2) = AV · 0.94 · 1021cm−2 mag−1, (2.7)

using a typical reddening constant of RV = 3.1 (Schultz & Wiemer, 1975) and assuming
all hydrogen atoms are in molecular form.

2.4 Results

2.4.1 Distance determination

The foreground star density measurements (see Sect. 2.3.1) allow us to estimate the
distance of Nessie independently of previous, kinematic distance estimates. We can
compare the measured surface density of foreground stars with a distance-dependent
stellar surface density model of the Galaxy. We used the Besançon Galactic stellar
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distribution model (Robin et al., 2003) to estimate the distance; see Fig. 2.4. For a more
detailed description of the method see Kainulainen et al. (2011); Ioannidis & Froebrich
(2012). The most important input parameter of the stellar distribution model is the
extinction caused by diffuse interstellar dust. We used the measurements by Marshall
et al. (2006) to estimate the mean extinction along the line of sight towards Nessie.
For an estimate of the uncertainty we also estimated the minimum and maximum
extinction, which indicate the upper and lower limits of the surface density (Fig. 2.4).
We neglected other, potentially significant uncertainties in our distance calculations
such as the uncertainty of the measured number surface density of the foreground
stars or of the stellar distribution model. Therefore, the uncertainty of the distance
is underestimated and it is more likely to be on the order of 15 % corresponding to
∆d ≈ 0.5 kpc (Kainulainen et al., 2011).

The result of our distance estimate is dextinction = 3.5± 0.5 kpc, which is in agree-
ment with the kinematic distance estimations of Jackson et al. (2010), dHCN = 3.1 kpc.
We find also dynamical distance measurements from Wienen et al. (2015) for 14 AT-
LASGAL sources likely embedded in the Nessie cloud. Their distances range between
3.0 kpc and 3.5 kpc, which is also in agreement with our estimate. The distance of
∼ 3.5 kpc suggests that Nessie is associated with the Scutum-Centaurus spiral-arm of
the Milky Way as suggested by Goodman et al. (2014) and Ragan et al. (2014).

dNessie=3.50+0.16-0.15 kpc
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Figure 2.4: Predicted stellar surface density based on the Besançon stellar distribution
model (Robin et al., 2003). The blue area indicates the uncertainty arising from the
scatter in the diffuse extinction measurements. The horizontal line represents the
measured foreground star surface density and the vertical lines the resulting estimates
of the distance and its uncertainty.
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2.4.2 The large-scale structure

The combined NIR and MIR extinction map of the Nessie cloud is shown in Fig. 2.5
and zoom-ins in Figs. 2.6, 2.7, and 2.8. For comparison, Fig. 2.2 shows the NIR-based
map, MIR-based map, and their combination.

The filament has a length of∼ 1.1◦ following the central, dense main axis (neglecting
inclination) and a perpendicular width of ∼ 0.05◦. This corresponds to a physical size
of 67 pc × 3 pc at a distance of d = 3.5 kpc. The width of the extinction structures,
defined at the column density contours of about AV = 3 mag, varies along the filament.
This can be seen in the zoomed-in map of Nessie (Fig. 2.6). In the region in the range
338.57◦ < l < 338.95◦ the low-column-density material is located only towards the
south of the dense main axis, in the range 338.23◦ < l < 338.30◦ towards north and
south, and the rest of the filament shows almost no surrounding low column density
material. These two low-column-density regions also show some less dense structures,
which are mainly orientated almost perpendicular to the main filament.

We need to identify which structures that we see in the map are actually part of
Nessie. This is difficult because we miss information about the line-of-sight velocities
of the structures. However, the Nessie filament was confirmed as a velocity coherent
structure by Jackson et al. (2010). Additionally, some areas lack the MIR extinction
data and cannot be used in the further analysis, such as the HII -bulb at (l; b) =

(337.95◦;−0.46◦) (Fig. 2.5), which is part of Nessie in Jackson et al. (2010). Therefore,
the map needs to be cropped to the Nessie filament. To do this, we introduce a
polygon around the cloud (see Fig. 2.5). The area selection is mainly based on physical
inspection of the derived column density map with orientation on the AV = 3 mag

contour and the observations published by Jackson et al. (2010).
We derive an estimate of the total cloud mass from the column density map, given

by:
MNessie =

∑
i,j

(N(H2)i,j) · p2 ·mH · µH2 , (2.8)

where N(H2)i,j is the column density of the (i, j) pixel of the map, p = tan (1.2”)·dNessie
is the physical size of a pixel, mH is the mass of the hydrogen atom, and µH2 = 2.8 the
mean molecular weight of the interstellar medium (Kauffmann et al., 2008). The total
mass of the Nessie cloud within the polygon (Fig. 2.5) is MNessie = 4.2 · 104 M�.

From the length and mass, we calculate the mean line-mass of the filament (mass
per unit length along the main axis of the filament). The mean line-mass of Nessie is
(M/l) = 627 M� pc−1. As we neglected an inclination of the filament, which would
increase its length, the derived line-mass is an upper limit. We note that there are
variations in the line mass along the filament, both at large scales due to the varying
amount of diffuse extinction and at small scales due to the substructure of the cloud.

2.4.3 Fragmentation analysis

We analyzed fragmentation of Nessie simultaneously over a wide range of spatial scales
using an algorithm explained in Kainulainen et al. (2014), which employs wavelet filter-
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Figure 2.5: Column density map of the Nessie filament. The white polygon marks the
area chosen for the mass estimate of the cloud. The green rectangles show the positions
of the zoom-ins shown in Figs. 2.6, 2.7, and 2.8.
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Figure 2.6: Zoom-in number one of the column density map (Fig. 2.5). The black
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(‘+’) YSOs are marked in white.
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Figure 2.7: Zoom-in number two of the column density map (Fig. 2.5).The black
contours indicate the levels of 5, 10, 20, 30, 40, 50, 60 · 1021 cm−2. The white contour
indicates the smoothed AV = 3 mag level. Additionally, the Class1 (‘x’) and Class2
(‘+’) YSOs are marked in white.
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Figure 2.8: Zoom-in number three of the column density map (Fig. 2.5). The black
contours indicate the levels of 5, 10, 20, 30, 40, 50, 60 · 1021 cm−2. The white contour
indicates the smoothed AV = 3 mag level. Additionally, the Class1 (‘x’) and Class2
(‘+’) YSOs are marked in white.
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ing to identify structures at various spatial scales. In short, the algorithm uses a spatial
filtering algorithm based on the à Trous wavelet transform (Starck & Murtagh, 2002) to
decompose the column density map into scale-maps that describe structure at different
scales. The different scales are defined as 2i pixels, with 2 ≤ i ≤ 8, where the limits are
given by the pixel size for small scales and the cloud size for large scales. Individual
structures are then identified from each scale map using the clumpfind-2D algorithm
(Williams et al., 1994). This provides the position, the size in x and y direction, and
the total amount of column density of the structures N(H)tot.

For reliable detection of structures, it is necessary to estimate the noise level of
each scale map. The noise level is estimated as the standard deviation σ of an (almost)
extinction-free area. The size of the area corresponds to the size-scale of the largest scale
map. To test the robustness of the structure identification, we tested the clumpfind-2D
algorithm for contour level separations of 1.5σ, 3σ, 4σ and 5σ with the lowest level at
3σ. The results do not show a significant difference and we chose the level separation
of 3σ.

The numbers of structures identified at each scale using the chosen technique are
listed in Table 2.1. The number of structures increases towards smaller scales, but
drops significantly for the smallest scales (i = 2, see Table 2.1). This behavior was seen
for all tested algorithm parameters and therefore is not likely to be an artifact. In the
data these smallest structures trace only the densest clumps, which are predominantly
located along the dense spine of the filament, but not in the surrounding low-column-
density gas. This suggests that only in the densest parts is the filament able to fragment
into the smallest scales.

Table 2.1 shows the properties of structures at each scale i: the total number of
identified structures Nstrc, the total mass of these structures

∑
(Mstrc), the median

hydrogen number density ñ(H), and the median separation s̃. The sum of the masses
over all scales, including scale i > 8, results in a total cloud mass of about M scales

Nessie =

4.9 · 104M�. This is slightly higher than the mass derived from the combined column
density map (see Section 2.4.2). The difference is a consequence of the spatial filtering
algorithm used, which may not accurately reproduce the true shapes of the structures.

We include in the fragmentation analysis all structures identified at scales i = 2 – 8

and only include structures within the Nessie filament area (see the polygon in Fig.
2.5). We computed the projected nearest neighbor distances of the structures. The
separation distributions of the scales i = 2, 3 are shown in Fig. 2.9. They are non-
Gaussian in shape and we adopt the median separation as a diagnostic of the separations
(given in Table 2.1).

For the fragmentation analysis an estimate of the structure density is interesting; we
estimate this from the outputs of the clumpfind-2D algorithm. The size of a structure
was given by clumpfind-2D as the number of pixels, Npix, in the FWHM area. For the
calculation of the structure volume we assume the shape of a prolate spheroid, that
has been found to be among the shapes that best quantify the structures at the scales
we are looking at (e.g., Kainulainen et al., 2014). The depth of the prolate spheroids is
estimated as the shorter of the projected x and y dimensions. Therefore, the volume
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of a fragment is
V = 4/3 π · x · y ·min{x, y}. (2.9)

The average column density, N(H), is given by: N(H) = N(H)tot/Npix, and therefore,
the hydrogen number density of one structure is: n(H) = N(H) · π · x · y/V . The
median number density and the 95% interval for structures at each scale are shown as
a function of their median separation in Fig. 2.10.

Figure 2.9: Distributions of the separations (left) and densities (right) of the structures
identified from the scale maps i = 2 (top) and i = 3 (bottom). The dashed line
indicates the median and the dotted lines the 95% quantiles of each distribution.

Additionally, we estimated the median separation and density from the HNC molec-
ular line observations of Jackson et al. (2010). We used the shown positions to estimate
their separation at the distance of d = 3.5 kpc. The density was calculated assuming
a spherical geometry with a radius of r =

√
Ω/π, using the angular size Ω of the

identified clumps, and their mass M . The hydrogen number density is given by:

n(H) =
M

µHmH(4/3πr3)
, (2.10)

where µH = 1.4 is the mean molecular weight of the interstellar medium with respect
to atomic hydrogen and mH is the mass of a hydrogen atom.
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We estimated the uncertainty of the median separations and median mean densities
using bootstrapping, because their probability distributions are not Gaussian (see Fig.
2.9). For the separation and mean density on every scale, we drew a new sample of
values from among the observed values of separations and mean densities. This new
sample had the same amount of data points as originally detected at that scale. We
then calculated the median of these new simulated samples. The resulting distribution
of the median values then estimates the sampling function of the observed median and
was used to estimate the uncertainty using the standard deviation. The uncertainties
vary between 1 and 14% for the separation and between 1 and 25% for the density on
scales of i = 3 and i = 8. The uncertainty values of all scales are given in Table 2.1.

The scatter shown in the separation density plot represents the 95% quantiles of the
measured parameters. Large uncertainties, which are neglected here, are the opacity
at different wavelengths (J, H, K, 8 µm) and their ratios contributing in the extinction
measurement and the conversion factor from extinction to column density. For mea-
suring masses, the uncertainty of the distance, as discussed before, also introduces a
significant contribution. For more detail, see Kainulainen et al. (2011); Kainulainen &
Tan (2013).

The density-separation relation (Fig. 2.10) shows a clear decrease of the mean
densities for larger separations. We perform a linear least-square-fit in the log-log space
to the data, which represents a power law of the form ñ(H) = A · s̃ p as log(ñ(H)) = p ·
log(s̃)+log(A). The resulting parameters are p = −0.96±0.05 and log(A) = 3.22±0.02,
which is A = 1669+91

−86 cm−3. The fitted model is shown as a black line in figure 2.10.
A commonly used fragmentation model is the spherical Jeans’ instability model

(Jeans, 1902), where the separation is linked to the mean density ρ via the Jeans’
length

lJ = cs(π/(Gρ))1/2, (2.11)

where cs is the sound speed within the medium, and G the gravitational constant. We
compute the prediction from this assuming a gas temperature of T = 15 K. At all
scales, the observed mean separations are in agreement with the Jeans’ scale within a
factor of approximately three. However, for the smallest scales, i = 2 – 4, the measure-
ments are systematically below the predicted relationship and for the largest scales,
the measurements are systematically above (see the discussion about the slope of the
relationship later in this section).

A shallower slope of the Jeans’ fragmentation can be achieved by assuming a non-
isothermal medium (e.g., Takahashi et al., 2013). The innermost dense (∼ 104 cm−3)
regions of the cloud are shielded from the interstellar radiation field and therefore, can
reach temperatures down to 10 K. As the surrounding low-density gas (∼ 102 cm−3)
is exposed to the radiation, we assume a higher temperature of 20 K. This leads to
a slope of about -1.7, which still does not solve the systematic deviations from the
observation.

Another commonly used model describes the fragmentation of an infinitely
long, self-gravitating cylinder (Chandrasekhar & Fermi, 1953; Inutsuka & Miyama,
1992). This model predicts the separation, λ, depending on the scale-height H =
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Figure 2.10: Median number density of structures at different spatial scales as a function
of their median separation. Measurements of this study are marked with crosses. The
square marks the data point derived from HNC observations of Jackson et al. (2010).
The error bars show the 95% quantiles of both measurements. The blue lines indicate
the scale dependency of an infinitely long cylinder in the non-turbulent case (solid), and
non-thermal case (dash-dotted), and the dashed red line indicates the scale dependency
of Jeans’ fragmentation. The black line shows a power-law fit to the data.

σv(4πGρc)
−1/2, where ρc is the central density of a filament in virial equilibrium, σv

the velocity dispersion of the medium, and G the gravitational constant. In the case
of a non-turbulent medium, the velocity dispersion σv is given by the sound speed cs
within the medium (we assume T = 15 K to calculate the sound speed). In the regime
of the filament radius, R � H, the separation is given by λ = 22 H. If we assume a
central density at the largest scale of nc(H) ≈ 103 cm−3, then we derive a scale-hight
of H ≈ 0.15 pc. This is smaller than the typical radius of Nessie, R ≈ 1.5 pc (see
Section 2.4.2). Therefore, the separation is predicted to be

λ = 22 · cs(4πGρc)−1/2, (2.12)

which is shown in Fig. 2.10 and is in agreement with the measurements within a
factor of approximately three for scales larger than i = 5, but systematically above
the measured densities. However, the model predicts central densities while we derived
mean densities, and therefore, the model predicts an upper limit of the mean densities.

The above models describe fragmentation in non-turbulent medium. However, ob-
servations show that high-line-mass filaments have a non-thermal line width (Jackson
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et al., 2010; Kainulainen et al., 2013), which is higher than the sound speed cs in
the non-turbulent case. Larson (1981) found a relation between the size of a molec-
ular cloud and its observed line width. Such a line width-size relation might also
apply to the structures observed here, and therefore we adopted a typical relation of
σv = 0.72 km s−1 · (λ/1 pc)0.5 (Solomon et al., 1987; Heyer & Brunt, 2004; Pillai et al.,
2006; Shetty et al., 2012; Colombo et al., 2015), where the line width σv depends on
the observed size scale λ. The non-thermal line width exceeds non-turbulent motion,
given by the sound speed cs, at large scales. But the line-width-size relation can also
be partially explained by the non-isothermal behavior of the gas.

λ0.5 = 22 · 0.72 km s−1(4πGρc)
−1/2, (2.13)

where ρc is the central density of a filament in virial equilibrium, andG the gravitational
constant (Fig. 2.10).

Therefore, the relation between the central density and the separation is ρc ∝ λ−1,
which is in agreement with the observed slope of p = −0.96 ± 0.05. However, again
we have to mention that the model predicts central densities while we derived mean
densities. Additionally, without information about the kinematics of the cloud, we
cannot constrain the scaling velocity of the line-width-size relation.

Table 2.1: Results of the fragmentation analysis.

Scale i Scale Nstrc
∑

(Mstrc) M strc ñ(H)a σ(ñ(H)) s̃b σ(s̃) λJ
[pc] [103 M�] [M�] [103 cm−3] [103 cm−3] [pc] [pc] [pc]

>8 >5.2 1 34.5
8 5.2 11 4.0 373 0.13 0.04 5.0 0.8 2.7
7 2.6 31 3.2 108 0.61 0.05 2.5 0.2 1.2
6 1.3 72 2.4 33.2 1.4 0.12 1.4 0.1 0.81
5 0.65 242 2.0 8.28 3.1 0.12 0.73 0.02 0.55
4 0.33 903 1.9 2.06 4.1 0.07 0.38 0.004 0.48
3 0.16 1751 1.2 0.66 6.3 0.08 0.23 0.002 0.38
2 0.08 523 0.20 0.40 14.2 0.47 0.17 0.004 0.26

Notes. (a) Median of the mean density of the identified structures. (b) Median of the separation
between identified structures

2.4.4 Comparison with ATLASGAL

We briefly describe how the parsec-scale structures identified in Nessie from ATLAS-
GAL data (resolution of 18′′, Schuller et al., 2009) break down into substructures when
extinction data offer about ten times higher resolution. For this, we considered the 16

sources from the ATLASGAL GCSC catalog (Csengeri et al., 2014) that are likely em-
bedded in the cloud. We calculated the number of structures within the FWHM ellipse
of the ATLASGAL sources at the two smallest scales (i = 2, 3) of the extinction map
(see Fig. 2.11). We also estimated the mass of the ATLASGAL clumps by adopting Eq.
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(2.2) and assuming a dust temperature of Td ≈ 15 K. These masses are then compared
to the total mass of the small-scale structures. The resulting ratios are shown in Table
2.2.

In particular, we found that, on average, the number of small-scale structures
within the half power ellipse of the clump is N strc,2 = 2.9 and N strc,3 = 2.8. These
contain 2% and 6% of the mass of the ATLASGAL clump. The half power ellipses
of the clumps and the i = 2 structures identified within the clumps are shown in
Fig. A.6 overlaid on the extinction map. While half of the ATLASGAL clumps are
clearly associated with high-extinction peaks, the four most massive ones (> 500 M�)
in particular contain no or only low-extinction peaks. This is dominantly because
of the caveats of the extinction mapping technique. The massive clumps commonly
exhibit MIR emission of polycyclic aromatic hydrocarbons (PAHs) in the 8 µm band
(Benjamin et al., 2003); this interferes with the extinction mapping procedure. Also
bright foreground stars cause a lack of MIR extinction and influence our results. In
total, this likely leads to an underestimated number of substructures per clump and to
underestimation of some of their masses. This also shows that our method is excellent
for identifying the youngest and densest regions, but it starts to fail as soon as star
formation progresses and the regions show strong MIR emission.

Table 2.2: ATLASGAL GCSC clumps (Csengeri et al., 2014) likely embedded in the
Nessie cloud.

Name Size PA Mclump Nstrc, 2 Mstrc, 2
Mstrc, 2
Mclump

Nstrc, 3 Mstrc, 3
Mstrc, 3
Mclump

["] [◦] [M�] [M�] [M�]
G338.9380-0.4231: 46 x 20 -12 221 4 3.15 0.014 4 12.33 0.056
G338.9362-0.4808: 28 x 22 52 197 2 1.36 0.007 1 4.69 0.024
G338.9371-0.4919: 41 x 34 134 1094 3 3.27 0.003 2 10.77 0.010
G338.9275-0.5018: 39 x 26 102 523 0 0.00 0.000 3 7.77 0.015
G338.8688-0.4796: 32 x 23 71 248 5 4.34 0.018 1 15.63 0.063
G338.7790-0.4591: 39 x 23 -24 176 4 3.97 0.022 4 15.95 0.090
G338.7314-0.4691: 32 x 19 90 116 3 4.76 0.041 3 13.14 0.114
G338.5519-0.4190: 27 x 24 71 134 2 2.57 0.019 4 7.65 0.057
G338.4236-0.4101: 28 x 26 111 292 0 0.00 0.000 2 2.20 0.008
G338.3937-0.4053: 42 x 31 72 632 2 2.22 0.004 3 10.43 0.016
G338.3923-0.3972: 34 x 19 16 124 2 1.75 0.014 3 9.91 0.080
G338.3271-0.4096: 36 x 27 -20 534 4 3.72 0.007 3 11.02 0.021
G338.1991-0.4642: 27 x 25 36 181 2 2.61 0.014 3 10.09 0.056
G338.1122-0.4632: 41 x 25 62 202 6 8.27 0.041 5 20.46 0.101
G338.0892-0.4474: 30 x 25 65 147 3 6.57 0.045 1 16.08 0.109
G338.3048-0.5223: 47 x 22 95 216 4 4.21 0.019 3 15.57 0.072

mean: 315 2.88 3.30 0.017 2.81 11.48 0.056
stddev: 261 1.63 2.16 0.014 1.17 4.66 0.037
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Figure 2.11: Combined NIR and MIR extinction map (l = 338.10◦, b = −0.45◦) overlaid
with the half power contour of two ATLASGAL GCSC sources (black ellipses) and their
covered sources identified with clumpfind-2D from the scale 2 map. The white lines
show the contours of the ATLASGAL emission.

2.5 Discussion

2.5.1 Scale-dependent fragmentation of Nessie

In the following, we discuss the scale-dependent fragmentation of Nessie (Fig. 2.10)
in the context of the analytic gravitational fragmentation models. We showed that
the upper limit of the average line-mass of Nessie is (M/l) = 627 M� pc−1. For a
thermally supported filament at a temperature of T = 15 K, the critical line-mass is
(M/l)crit = 20 M� pc−1. Thus, the filament is clearly thermally supercritical. There
are no analytic theories that would self-consistently explore the evolution of such highly
thermally super-critical filaments.

In the absence of directly applicable models, a common approach in the recent
literature is to assume that the non-thermal motions provide a straightforward, ide-
alized supporting force for the filament, increasing its critical line-mass (e.g., Jack-
son et al., 2010; Hernandez et al., 2012; Busquet et al., 2013; Beuther et al., 2015).
This commonly leads to a conclusion that the line-masses of high-line-mass filaments
are close to their critical line-masses. This is also true for Nessie. Jackson et al.
(2010) showed that the non-thermal motions in Nessie increase the critical line mass
to (M/l)vir = 525 M� pc−1, which is similar to our observed value.

Building on the above agreement, observations are commonly compared to the pre-
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dictions of gravitational fragmentation models developed for near-equilibrium cylinders.
These models typically proceed from a static initial configuration with a linear pertur-
bation analysis. In short, such models predict a periodic fragmentation pattern with
a specific wavelength, that is, the fragmentation pattern predicted by the models is
not scale-dependent. However, the fragmentation wavelength depends on the density
of the filaments as described by Eqs. 2.13, 2.12, and 2.11; filaments with different
densities have different fragmentation wavelengths. This should be kept in mind when
interpreting the relationship between the data and models presented in Fig. 2.10.

In this context, the observed slope of the mean density-separation relationship in
Nessie is in agreement with that of a non-thermal, self-gravitating cylinder that has
a Larson-like line-width-size relation (σv ∝ λ0.5, Larson, 1981; Solomon et al., 1987;
Heyer & Brunt, 2004; Shetty et al., 2012; Colombo et al., 2015). As the cloud shows
non-thermal velocity dispersions (Jackson et al., 2010), this relation could be a result of
turbulent motions within the cloud, but also systematic motions, such as collapse, could
affect the line width. The observed median nearest-neighbor separations of the frag-
ments are within a factor of two of the predictions of the isothermal and non-isothermal
Jeans’ fragmentation (Jeans, 1902). However, the slope is significantly steeper than the
observed one. Additionally, on the large scales, the separations are also in agreement
with the fragmentation model of a non-turbulent, self gravitating, infinitely long cylin-
der Chandrasekhar & Fermi (1953); Inutsuka & Miyama (1992), but again the slope of
the model is significantly steeper than observed. We note that the cylindrical models
predict central densities, which can only be seen as upper limits for the derived mean
densities.

Previously, a change of fragmentation mode between large and small scales has been
seen at the size-scale of ∼ 0.5pc, for example, in the studies of the young high-mass
cloud G11.11-0.12 (Kainulainen et al., 2013), the Taurus cloud (Hacar et al., 2013),
and the integral-shaped filament in Orion (Teixeira et al., 2016; Kainulainen et al.,
2017). While we do not detect one in Nessie, the data are in agreement with the pres-
ence of such a feature, that is, we cannot rule it out (c.f., Fig. 2.10). One possible
explanation for the change of fragmentation modes could be changing influence of the
environment (Pon et al., 2011). While on large scales, fragmentation is driven by the
characteristics of the cylindrical, filamentary structure, the smaller scales approach a
more spherical shape, which is independent of larger scales. Also, recent numerical sim-
ulations have explored possibilities to explain scale-dependent fragmentation through
dynamical processes (e.g., Clarke et al., 2017; Gritschneder et al., 2017).

2.5.2 Star formation potential4

Ultimately, one would like to link the fragmentation in Nessie to star formation. To
take the first step towards this, we estimated the young stellar object (YSO) content of
Nessie using publicly available multi-band photometric catalogs. The detailed methods
used to identify the YSOs and estimate the SFR are explained in Zhang et al. (2018).

4The identification of YSOs and the calculation of the resulting star formation rate was performed
by a co-author.
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Here we give a short description of the method.
For the YSO selection, we used NIR data (we did the PSF photometry on VVV

images, VISTA Variables in the Via Lactea, Saito et al., 2012), Spitzer GLIMPSE
(Galactic Legacy Mid-Plane Survey Extraordinaire, Benjamin et al., 2003; Churchwell
et al., 2009) and MIPSGAL ( Multiband Imaging Photometer Galactic Plane Survey,
Carey et al., 2009; Gutermuth & Heyer, 2015) archival catalogs, the AllWISE catalog
(Wide-field Infrared Survey Explorer, Wright et al., 2010), the Herschel Hi-GAL cat-
alog (Herschel infrared Galactic Plane Survey, Molinari et al., 2010, 2016), the Red
MSX source catalog (Midcourse Space Experiment, Lumsden et al., 2013, used to in-
clude massive protostars), and the methods from Gutermuth et al. (2009); Koenig &
Leisawitz (2014); Saral et al. (2015); Robitaille et al. (2008); Veneziani et al. (2013).
Our YSO selection scheme uses the SEDs of sources from 1 to 500µm and can effi-
ciently mitigate the effects of contamination. In Nessie, we finally obtain 298 sources
with the excessive IR emission, of which 35 are classified as AGB candidates using the
multi-color criteria.

Considering the distance of Nessie, it is necessary to correct the flux densities of the
YSO candidates for extinction. We use the method suggested by Fang et al. (2013);
Zhang et al. (2015) to estimate the foreground extinction towards each YSO candidate
and de-redden their photometry. Here we also give a short description of this method.

1 For the sources with J, H, KS detections, the extinction is obtained by employing
the JHKS color-color diagram. Figure 2.12 shows the J-H versus H-KS color-color
diagram of the YSO candidates in Nessie. Given the different origins of intrinsic
colors of YSO candidates, the color-color diagram is divided into three subregions.
In region 1, the intrinsic color of [J-H]0 is simply assumed to be 0.6; in region 2, the
intrinsic color of a YSO is obtained from the intersection between the reddening
vector and the locus of main sequence stars (Bessell & Brett, 1988); and in region
3, the intrinsic color is derived from where the reddening vector and the classical
T Tauri star (CTTS) locus (Meyer et al., 1997) intersect. The extinction values
of YSO candidates are then estimated from observed and intrinsic colors with the
extinction law of Xue et al. (2016).

2 For other sources (outside these three regions or without detections in JHKS

bands), their extinction is estimated with the median extinction values of sur-
rounding Class II sources that have extinction measurements in step 1.

Using the de-reddened SEDs, we re-classify the YSO candidates into Class I, Flat,
and Class II sources based on their spectral indices and bolometric temperatures
(Greene et al., 1994; Chen et al., 1995). Figure 2.12 shows the KS − [8.0] versus
J-H color-color diagrams before and after de-reddening for Class I+Flat and Class II
sources in Nessie.

Although we have removed some contamination during the YSO selection process,
our YSO candidates in Nessie are still contaminated by the foreground and background
sources.
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Figure 2.12: Left: The H-KS vs. J-H color–color diagram for the YSO candidates in
Nessie. The solid curves show the intrinsic colors for the main sequence stars (black)
and giants (red; Bessell & Brett, 1988), and the dash–dotted line is the locus of T
Tauri stars from Meyer et al. (1997). The dashed lines show the reddening direction,
and the arrow shows the reddening vector. The extinction law we adopted is from Xue
et al. (2016). We note that the dashed lines separate the diagram into three regions
marked with numbers 1, 2, and 3 in the figure. We use different methods to estimate
the extinction of YSO candidates in different regions (see the text for details). Right:
The observed (left) and de-reddened (right) KS− [8.0] vs. J-H color-color diagrams for
Class I+Flat (red) and Class II (green) sources in Nessie. The black arrows show the
extinction vectors.

The foreground contamination mainly includes the foreground AGBs and the fore-
ground YSOs which are associated with the molecular clouds that are located between
us and Nessie. We use the AV values of YSOs obtained previously and the 3D extinc-
tion map (Marshall et al., 2006) to isolate the foreground contamination. Based on
the distance of Nessie, we can estimate the foreground extinction in different lines of
sight towards Nessie with the 3D extinction map. If the extinction value of a YSO is
lower than the corresponding foreground extinction of Nessie, this YSO would have a
high probability of being a foreground contamination. We checked the YSOs in Nessie
and marked the possible foreground contamination using this method. The fraction of
foreground contamination in Nessie is 10% in Class I+Flat sources and 9% in Class II
sources.

Our YSOs are also contaminated by background sources, including extragalactic
objects, background AGBs, and background YSOs which are associated with the molec-
ular clouds that are located behind Nessie. We think that the extragalactic contam-
ination is not important in our YSOs because we are observing through the Galactic
plane. Many background AGBs have been removed using the multi-color criteria dur-
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ing the YSO identification process. The residual contamination of background AGBs
is estimated with the control fields. We select five nearby fields with weak CO emission
as the control fields and apply the YSO selection scheme to all the control fields to
select YSOs. Assuming that there is no YSOs in each control field, all selected ‘YSOs’
in the control fields are actually contamination by AGBs (if neglecting the extragalac-
tic contamination). With an assumption of a uniform distribution for AGB stars, we
can estimate the number of residual background AGBs in the Nessie using the mean
value of the surface density of background AGBs in five control fields. Combining the
numbers of background AGBs identified by color criteria and estimated using control
fields, we found that the fraction of background contamination is 22% in Class I+Flat
sources and 11% in Class II sources. We note that we did not try to eliminate the
contamination from background YSOs because they are difficult to remove without the
information of radial velocities of YSOs.

After removing the contamination, we obtain 51 Class I and flat spectrum objects
and 137 Class II sources in Nessie. In order to calculate the SFR, we must estimate
the total mass of YSOs in Nessie. In this work, we use different methods to estimate
the total mass of Class I+Flat and Class II populations:

• We use the de-reddened photometry of Class II sources in Nessie to estimate the
flux completeness. Figure 2.14 shows the KS absolute magnitude histogram of
Class II sources in Nessie. We simply adopt the peak position of histogram as the
completeness of KS band (∼ 1 mag). Figure 2.13 shows the MKS −M∗ relation
for Class II sources constructed from YSO models presented by Robitaille et al.
(2006). Using this relation, we transfer the KS band completeness to the mass
completeness of 1.48±0.65 M�. Assuming a universal IMF (Kroupa, 2001), we
estimated the number of Class II sources to be 1282+1228

−614 and the total mass of
Class II sources to be 698.4+711.8

−355.9 M�.

• For Class I+Flat sources, we used the observed luminosity functions constructed
by Kryukova et al. (2012) as the template to estimate the total number of Class
I+Flat sources. We calculate the bolometric luminosities of Class I+Flat sources
using the trapezoid rule to integrate over the finitely sampled de-reddened SEDs
(Dunham et al., 2008, 2015). Figure 2.14 shows the the de-reddened luminos-
ity function of Class I+Flat sources in Nessie and the corresponding luminosity
completeness, which is calculated with the method suggested by Kryukova et al.
(2012), is also marked with the red line. As a comparison, we also plot the lu-
minosity function of Class II sources in Nessie. Assuming a universal luminosity
function, we estimate the total number of Class I+Flat sources in Nessie to be
185+52
−51. Assuming the average mass of 0.5 solar mass for each Class I/Flat source,

we estimated the total mass of Class I+Flat sources to be 92.7+25.8
−25.7 M�.

Adopting the lifetime of Class II sources, 2 Myr (Evans II et al., 2009), as the star
formation time-scale, we obtain SFR = 389+364

−182 M�Myr−1 for Nessie. The SFE within
the star-forming time-scale is estimated by the total mass of YSOs, MYSOs, and the
gas mass of Nessie, MNessie, SFE = MYSOs/(MNessie + MYSOs) = 0.018+0.017

−0.008. The
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Figure 2.13: The relation between stellar mass and KS absolute magnitude of Class
II sources. The black dots represent the Robitaille et al. (2006) Stage 2 models with
0.001 < Mdisk/M∗ < 0.01, 0.08 < M∗ < 7M�, and 30◦ < inclination angle < 60◦.
The red curve shows the robust polynomial fitting while the gray region shows the 1σ

uncertainty of the fitting. The CTTS in L1641 from Fang et al. (2013) are marked with
green filled circles. Most of CTTS are located in the gray region, which confirms that
this MKS −M∗ relation for Class II sources is consistent with the observational results.

Figure 2.14: Left: KS absolute magnitude (MKS ) histogram of Class II sources in
Nessie. Right: De-reddened luminosity functions of Class I+Flat (top panel) and
Class II (bottom panel) sources in Nessie. The red vertical line shows the de-reddened
luminosity completeness.

uncertainty is mainly from the uncertainty of transferring Ks magnitudes to stellar
masses and the small number of observed Class I and Class II sources. To place these
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values in context, the SFR of Nessie is comparable to those of the most active nearby
star forming regions like Perseus (150 M�Myr−1), Orion A (715 M�Myr−1) and Orion
B (159 M�Myr−1; all values from Lada et al., 2010).

It is immediately interesting to compare this direct SFR estimate to other measures
commonly linked with the star formation potential of molecular clouds. One such
measure is the mass of dense gas in the cloud (e.g., Kainulainen et al., 2009; Lada
et al., 2010). Specifically, Lada et al. (2010) found that in the Solar Neighborhood
clouds (distance . 500 pc), SFRs correlate best with the mass above a column density
threshold of AV ≈ 7.3 mag. Adopting this threshold results in the dense gas mass of
Mdg = 8.7 · 103 M� in Nessie. Following the prescription of Lada et al. (2010) for the
Solar Neighborhood clouds, the SFR of 4.6 · 10−8 yr−1 ·Mdg = 400 M�Myr−1 follows.
This is in agreement with the SFR derived from the YSOs; in Nessie the mass of dense
gas above AV ≈ 7.3 mag is a reasonable predictor of the SFR.

Yet another measure commonly connected with SFR is the dense core population of
the molecular clouds (e.g., Motte et al., 1998; Alves et al., 2007; Marsh et al., 2016). To
analyze this population in Nessie, we can take advantage of the high spatial resolution
of our column density map: we can directly count the cores that might form stars
or multiple stellar systems and estimate their mass. The mass enclosed in the dense
structures smaller than ∼ 0.1 pc is likely to take part in star formation processes.
Therefore, the number of structures at the smallest scale of the wavelet-filtered map
(i = 2,∼ 0.08pc) provides a first-order estimate for the number of stars forming in the
cloud in the near future. To account for possible accretion processes during the collapse
of a core, we assume that the gas at the scales i = 2 and i = 3 (size < 0.16 pc) can
participate in the collapse. This will then give an upper limit for the mass available for
star formation. The mass of stars formed by these cores is then estimated by assuming
an SFE of 30% (e.g., Alves et al., 2007; Rathborne et al., 2009; André et al., 2010).
This results in the stellar mass ofMi=2,3 = 409 M�. Adopting again the star formation
time of tSF ≈ 2 Myr leads to a SFR of M∗/tSF = 205 M�Myr−1 for the Nessie cloud.
This estimate is within a factor of two of the values derived previously. We can also
simply use the number of detected cores to gain a crude estimate of the star formation
potential. If we assume that each structure at scale i = 2 will form at least one star,
Nessie will form 523 stars. This is within a factor of two of the actual number of
(completeness corrected) Class I and II sources. If we further divide the total mass in
the cores in Nessie by 523, the predicted average mass of a star of 0.78 M� follows;
this is relatively close to the mean stellar mass of 0.5 M� of the initial mass function
(e.g., Kroupa, 2002). Altogether, the above considerations suggest that the dense core
population identified from Nessie using the approach of this paper is a reasonable proxy
of Nessie’s star formation potential.

2.6 Conclusions

We analyzed the column density structure of the (projected) 67 pc long filamentary
Nessie cloud using a combined NIR and MIR extinction-mapping method on data of
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the VVV survey and 8 µm Spitzer/GLIMPSE images. Our results are as follows:

1. We derived a high-resolution (∼ 0.03 pc), high dynamic range (N(H2) = 3 – 100 ·
1021 cm−2) column density map for Nessie and estimated the distance towards it
to be d = 3.5 kpc based on NIR source-counts. The mass of Nessie is 4.2 ·104 M�,
considering regions above N(H2) & 3 ·1021 cm−2. This leads to a mean line-mass
of about 627 M� pc−1.

2. We analyzed the fragmentation of the cloud across a wide range of scales in the
range 0.1 – 10 pc and detected fragmentation at all scales. We characterize the
fragments and find that their masses decrease and densities increase as a function
of size-scale. At the smallest scale, the typical masses of the fragments are 0.4 M�
and mean densities are ∼ 104. The mean densities of the fragments decrease with
their nearest-neighbor separations, following approximately a power-law with an
exponent of −0.96± 0.05. The previous determination of the 4 pc fragmentation
length by Jackson et al. (2010) is in agreement with this relationship, however,
our data show that determining the fragmentation length at any one particular
scale does not capture the full, scale-dependent picture of fragmentation in Nessie.

3. In the context of analytic gravitational fragmentation models, the observed
nearest-neighbor separations are within a factor of two of the Jeans’ length at
all size-scales. However, the slope of the observed mean density – separation
relationship is significantly shallower than the scale-dependency of the Jeans’
length. The observed relationship is in agreement with a gravitationally frag-
menting near-equilibrium cylinder that is supported by non-thermal motions that
exhibits a Larson-like velocity-size scaling, that is, a power-law with an exponent
of 0.5. This scaling could result, for example, from turbulent motions in the
cloud, because the cloud shows clearly non-thermal velocity dispersions (Jackson
et al., 2010).

4. We estimated the SFR of Nessie to be 389 M�Myr−1 based on the number of
identified YSOs in the cloud. An estimate based on the number of ∼ 0.1 pc-
scale column density "cores" yields 205 M�Myr−1. We also estimate the SFR
based on the total amount of dense gas (AV > 7.3 mag; Lada et al. 2012) in the
cloud, resulting in 400 M�Myr−1. These results suggest that both the number
of dense cores and the amount of dense gas above AV > 7.3 mag are relatively
good proxies of the star-forming content of Nessie. We further derive the SFE of
0.018 for Nessie. These numbers indicate that the star-forming content of Nessie
is similar to the Solar neighborhood giant molecular clouds like Orion A.

5. The ATLASGAL clumps identified in Nessie typically harbor two to three small-
scale structures (< 0.16 pc). These structures contain about 7 % of the mass
of the parental clump. However, this is a lower limit as the extinction map-
ping is susceptible for incompleteness arising from MIR bright objects, such as
foreground stars, and warm/hot gas.
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We showed that the filamentary Nessie cloud has scale-dependent fragmentation
characteristics. These characteristics are in agreement with some of the predictions
of gravitational fragmentation models. However, self-consistent scale-dependent frag-
mentation models are needed to gain understanding of the structure and evolution of
filamentary clouds.
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Chapter 3

The extended Nessie filament

3.1 Introduction

After we showed that the classical Nessie filament is undergoing hierarchical fragmen-
tation towards mainly low-mass star formation, we now want to investigate the large
scale molecular structure of Nessie. The study of Goodman et al. (2014) investigated
the possibility that Nessie is considerably more extended than previously shown by
Jackson et al. (2010). The “extended” and “optimistic” Nessie filament have a length
of approximately 200 pc and 500 pc, respectively, which is about 20 – 50 times longer
than the average massive filament studied in Chapter 5. Goodman et al. (2014) showed
a line connecting elongated mid-infrared extinction structures and line-of-sight veloc-
ity information from the HOPS survey (Purcell et al., 2012) towards single pointings
within these structures. However, this is not enough to confirm the structure as con-
tinuous, for which a more dense coverage of spectroscopic tracers is needed. For the
“classical” Nessie Jackson et al. (2010) showed that every position seen in HNC(1 – 0)
has a velocity of −38± 3.4 km s−1, and therefore, confirmed the classical Nessie to be
continuous in position-position-velocity (ppv) space. This continuity in ppv space is
not prove of cloud being a single physical object (Clarke et al., 2018), but it is a neces-
sary condition. With the 13CO(2 – 1) and C18O(2 – 1) emission data of the SEDIGISM
survey (Schuller et al., 2017) we are able to investigate the kinematics of the extended
and optimistic Nessie and our final goal is to discuss whether these are also continuous
structures in ppv space along its larger extent.

In addition, we also try to identify signatures that hint on the formation of this
extremely long filament. In the recent years several such giant molecular filaments
(GMFs) have been identified using different approaches (Ragan et al., 2014; Zucker
et al., 2015; Wang et al., 2015, 2016; Abreu-Vicente et al., 2016). However, the pro-
cesses leading to the formation and driving the evolution of GMFs are not understood.
Because of the size of these structures the driving processes must come from Galactic
scales. Indeed, high-resolution Galactic simulations of Smith et al. (2014) and Dobbs
(2015) allowed the formation of structures similar to the observed GMFs.

Smith et al. (2014) find extremely long CO bright filaments within the spiral arms,
which is in agreement with the description of the Nessie filament as “bone of the Galaxy”
by Goodman et al. (2014). Additionally, long filaments are seen in the Galactic inter-
arm regions, of which large parts are likely to be CO dark. This would suggest, that
the found shorter CO bright filaments are parts of longer CO dark structures, that
are sufficiently shielded from UV radiation. However, while this simulation includes
the chemical evolution of the gas, it does not include self-gravity, stellar feedback, or
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magnetic fields.
The simulation of Dobbs (2015) also include self-gravity and stellar feedback, but

only simple H2 and CO formation and the long filaments are analyzed in Duarte-
Cabral & Dobbs (2016) and Duarte-Cabral & Dobbs (2017). They find long filamentary
molecular structures exclusively in the inter-arm regions, while the spiral arms are
populated with giant molecular clouds. Following two giant filaments over a time
of 11 Myr, they suggest the following evolutionary path: gas clouds exiting the arm
are stretched by galactic shear into GMFs, which are not gravitationally bound as
a whole, but are pressure confined. However, dense parts within the GMFs can be
locally gravitationally bound and form stars. The feedback of local star formation or
differential forces over the filament can lead to separation or destruction of the GMFs.
When the structures eventually reach the gravitational potential of the next spiral
arm, they become more well defined and align with the arm, which should be the most
prominent phase. This would explain the observations of GMFs being located around
spiral arms. At last the gas of the GMFs will be reorganized into highly sub-structured
giant molecular cloud complexes within the gaseous spiral arm.

This is the first analyses of the kinematics of the entire region. We will analyze
the morphologies and properties of the extended Nessie filament using 13CO(2 – 1) and
C18O(2 – 1) to test the two models. Therefore, we reprocess the SEDIGISM data in
Chapter 3.2, then analyze the data and derive different gas properties (Chapter 3.3),
show the results in Chapter 3.4, and discuss them in Chapter 3.5 before we draw a
conclusion from this study.

3.2 Data

We make use of the 13CO(2 – 1) and C18O(2 – 1) SEDIGISM data introduced in Chapter
1.3. However, to increase the SNR of the data we smoothed the beam to 40′′ (30′′

originally), reaching an average 1σ noise level of 0.5 K km s−1. This lower resolution
limits the ability to resolve the small-scale (> 0.6 pc) inner dense structure of the
filament, but enables us to study the low column density gas surrounding the dense
structure. This compliments our previous work on the small scale structure of extinction
mapping with the classical Nessie. Additionally, we make use of the (high-mass) clump
catalogs based on ATLASGAL dust emission (Contreras et al., 2013; Urquhart et al.,
2014, 2018) and Herschel dust emission (Hi-GAL, Molinari et al., 2010; Elia et al.,
2017), as well as the HII region catalog of Anderson et al. (2014).

3.3 Method

To identify the velocity range that corresponds to the Nessie filament we assume that
the 13CO(2 – 1) emission is optically thin and traces the kinematics of the gas, which
is most likely true for the extended diffuse parts of the filament. We then average all
13CO spectra of the extended Nessie area, which we take from the work of Goodman
et al. (2014). Based on the resulting spectrum (Fig. 3.1) we identified a velocity
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interval of −45.0 km s−1 – −30.0 km s−1, thus covering ∼ 15 km s−1, corresponding to
the molecular emission of the extended Nessie. This interval is now the limit for the
identification of the emission peak in every pixel. Here we use the same method as in
Mattern et al. (2018), where we define the velocity range of the corresponding 13CO
emission as that between which the emission of from the brightest peak is above the 1σ

noise level of this pixel. Furthermore, we only consider components with an SNR ≥ 5

in their integrated intensity. Based on these identified emission intervals we calculate
the zeroth, first, and second order moment of the emission. The resulting moment
maps (Fig. 3.2) are the basis for the following analysis.

Figure 3.1: Average spectra of the 13CO (left) and C18O (right) emission over the
extended Nessie.

To identify filaments and simplify their analysis it is useful to find the skeleton
(connected lines tracing the highest intensity structures) or the spine (the longest path
through the skeleton). Filament finding algorithms are commonly used to identify the
skeleton, which is then truncated to the spine. Finding a spine through the whole pro-
posed extended Nessie would be the clearest proof of a continuous structure. However,
the high dynamic range of 13CO intensities does not allow an automated filament find-
ing. Therefore, we decided to identify the filament spine visually based on the 13CO
first and second order moment maps and the dust extinction map of the classical Nessie
from (Mattern et al., 2018, Chapter 2). The resulting skeleton and spine are shown in
Figs. 3.2 and 3.3.

3.3.1 The extended Nessie

To confirm the velocity coherence of the extended Nessie filament, we plot the previ-
ously derived integrated intensity, peak velocity and velocity dispersion along the spine
of the filament (Fig. 3.4). Looking at the intensity cut along the spine, we find two ar-
eas where the integrated intensity per beam is close to the detection limit of SNR ≥ 5.
One area is at the end of the extended filament towards higher Galactic longitudes,
marked as a in Fig. 3.4. Here, we see the gas to be diffuse and less confined compared
to the rest of the structure. However, despite the low intensity, this part shows to
be consistent extension of the filament. The other area is located within the classical
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Figure 3.2: Moment maps of the extended Nessie filament derived from the 13CO(2–1)
SEDIGISM data. The contour indicates the outer limit of the filament, and the black
line marks the spine of the filament.
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Figure 3.3: Left: Zeroth order moment map of the extended Nessie filaments derived
from the C18O(2–1) SEDIGISM data. The contour indicates the outer limit of the
filament, and the black line marks the spine of the filament. Middle: 13CO(2–1)
moment zero map of the extended Nessie overlaid with the skeleton and the outer limit
of the filament (black contour). The green contours indicate the chosen sub-parts of
Nessie named by letters from ’a’ to ’l ’. Right: ATLASGAL dust emission map of the
extended Nessie filament with the outer contour of the integrated 13CO emission.
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Nessie between a Galactic longitude of 338.0◦ and 338.25◦ (i in Fig. 3.4). Here we
know from the dust extinction data from Mattern et al. (2018) that the spine is narrow
confined and therefore, we consider this part as well as continuous in intensity. The
proximity to an expanded HII region suggest that the CO of this part is destroyed by
UV radiation, but further investigation is needed to confirm this possibility.

Analyzing the peak velocities along the spine we find a continuous behavior, with
only small local variations. In general, we find an increase of the peak velocities with
Galactic longitude. To investigate this velocity gradient we compare the measurements
to the line-of-sight velocities predicted by the Galactic rotation assuming the rotation
curve of Brand & Blitz (1993). We calculate the derived the velocities for different
distances from the Sun. In Fig. 3.4 the predicted velocities at 3.0 kpc, 3.1 kpc, and
3.2 kpc are indicated by the green, blue, and red lines. With this measurement we can
give an estimate of the kinematic distance towards Nessie of d = 3.1 ± 0.1 kpc, as it
follows well the Galactic rotation curve.

In summary we see morphological changes along the filament, especially changes
in intensity and radial extent, i.e. diffuse versus confined regions, suggesting a non-
continuous structure. On the other hand, we find a continuous velocity structure with a
large gradient following the Galactic rotation. Therefore, our findings support a picture
where the extended Nessie is a continuous filamentary structure. In the following, we
analyze its physical properties, like mass and length. To derive its mass we need to
define an outer edge of the structure. Therefore, we use the contour of 5 K km s−1,
which is about the set detection limit in the regions of the highest noise. Furthermore,
we exclude structures with peak velocities outside the previously in the first order
moment map identified range. The resulting limit is shown as black contour in Fig.
3.2.

To calculate the mass we use the 13CO X-factor of X13CO = 1 ×
1021 cm−2 (K km s−1)−1 from Schuller et al. (2017) to derive the column densities of
the structure, which was shown to be a valid estimate in Mattern et al. (2018) (Chapter
5). The mass is then derived by

M =
∑
x

I13CO(x)X13COAxµmp (3.1)

where M is the mass of the structure, I13CO(x) is the integrated 13CO intensity at
position x of the structure, Ax is the physical size of the pixel at position x, µ = 2.8

is the mean molecular weight of the ISM (Kauffmann et al., 2008), and mp the proton
mass. For the extended Nessie filament we estimate a mass of MeN = 1.89× 106 M�.

Defining an accurate length of the filament is a not straight forward task. As a first
approach the length can be defined as the extent of the spine, which would lead to an
estimate of lspine = 196.0 pc for the extended Nessie. However, as shown before the
morphology of the filament is not simply linear, but has branches, which contribute
to the mass estimate. Therefore, the lengths of these branches needs to be taken into
account as well. This leads to a total length over the skeleton of lskel = 283.1 pc,
not accounting for a possible inclination angle. Also note, that these include only the
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branches visually identified on the integrated 13CO map, but there is the possibility of
more branches, which are spatially not resolved.

Using the derived mass and the length over the skeleton we can derive the line-mass
(mass per unit length) for the extended Nessie filament to bemeN = 563 M� pc−1. This
is similar to the measurements of the line-mass of the classical Nessie from (Mattern
et al., 2018, Chapter 2, 555 M� pc−1 at 3.1 kpc). The derived properties are shown in
Table 3.1.

Figure 3.4: Integrated intensity (top), peak velocity (middle) and velocity dispersion
(bottom) derived from the 13CO(2–1) SEDIGISM data along the spine of the filament.
The green, blue, and red lines plotted on top of the peak velocities indicate the predicted
Galactic rotational velocities for distances from the sun of 3.0 kpc, 3.1 kpc, and 3.2 kpc,
respectively.

3.3.2 Star formation within Nessie

In Mattern et al. (2018) the star formation rate of the classical Nessie filament was
estimated to be about 371 M�Myr−1, which is comparable to those of the most active
nearby star forming regions like Perseus and Orion. Also, it was shown that 16 high
mass clumps (GCSC ATLASGAL clumps, Csengeri et al., 2014) are associated with
the classical filament. We now want to follow up on the analysis of clumps associated
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with the extended Nessie.
First, we identify the peaks in the integrated 13CO and C18O data, using a simple

local maximum approach. In detail, we define a circular mask with diameter of twice
the beamwidth, which we then apply to every pixel of the map. If the center of the
mask is maximum of the masked area and exceeds a threshold of 10 K km s−1 for 13CO
and 3 K km s−1 for C18O, then we mark this position as local peak. We find 102
13CO peaks and 81 C18O peaks, of which 45 are associated within one beam. Almost
all associated sources are located on the previously defined skeleton (Fig. 3.5). The
differences for the other peaks arise most likely from the abundance difference of the
two isotopes of about n13CO /nC18O = 8.7 (Miettinen, 2012) and the therefore, different
choice of identification thresholds. Also, because of the relatively low spatial resolution,
elongated structures with one identified peak might contain a close series of clumps,
that cannot be resolved spatially.

We know from Jackson et al. (2010); Goodman et al. (2014); Mattern et al. (2018)
that the classical Nessie filament contains two expanding HII regions. Investigating
the GLIMPSE 8 µm mid-infrared emission (Churchwell et al., 2009) in the area of
the extended Nessie we find multiple bright round or shell-like regions, which typically
indicate photodissociation regions, hence HII shells, around massive stars. Therefore,
we overlay the HII shells from the catalog of Anderson et al. (2014) on the integrated
13CO map. As the velocity information is only given for a few sources in this region,
we discard only the sources with a deviating velocity and show the rest in Fig. 3.5.
The HII regions of Anderson et al. (2014) are categorized in three groups, which are
‘known’, if a radio counterpart and a radio recombination line or Hα emission is de-
tected, ‘candidate’, if only the counterpart is detected, and radio quiet, without a radio
counterpart. We find 7 evolved shells coinciding with the 13CO emission, of which
2 are the ones surrounding the classical Nessie (G337.957-00.474, G339.134-00.377).
The other five are located at 337.404◦; −0.404◦, 337.428◦; −0.401◦, 337.684◦; −0.343◦,
337.843◦; −0.372◦, and 337.922◦; −0.463◦. Additionally, we find at least 8 radio quiet
HII regions correlated with peaks identified on the CO maps, which are at a Galactic
longitude of about 338.400◦, 338.925◦, 339.178◦, 338.2◦, 338.48◦, and 4 in the dense
region around a Galactic longitude of 337.4◦. However, a clear association to Nessie
would need additional velocity information.

HII regions indicate the latest phases of high-mass star formation. The earlier
phases are embedded in dense clumps, which were identified based on ATLASGAL
(Schuller et al., 2009) and Herschel Hi-GAL data (Molinari et al., 2010) and analyzed
(Elia et al., 2017; Urquhart et al., 2018). These studies not only estimated the masses,
luminosities, and distances, but also identified the evolutionary stages of the clumps.
We now identify the clumps of both catalogs, that are likely to be associated with
the extended Nessie filament. Therefore, we use the position and line-of-sight velocity
(33 km s−1 < vlsr < 45 km s−1) for the ATLASGAL catalog, and the position and
distance (2.9 kpc < d < 3.3 kpc) for the Hi-GAL catalog, as the velocities are not
given. This allows to identify 47 ATLASGAL clumps and 48 Hi-GAL clumps in the
extended Nessie, which are shown in Fig. 3.5.

We find that several of these sources are associated with the previously identified
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13CO and C18O peaks of the integrated intensity map. However, while we find counter-
parts for all except of two ATLASGAL clumps, there is a larger lack of counterparts for
Hi-GAL sources. Inspection of 13CO and C18O maps around the sources without coun-
terpart reveals that they are located at peaks where the molecular gas intensity does
not exceed the threshold or in extended high intensity regions, where single peaks can-
not be resolved. Furthermore, we find some of the evolved sources of the two catalogs
also correlate with the location of radio quiet HII regions.

In general, we find clumps concentrating in distinct parts of the filament, and in
these towards the skeleton of Nessie. Together with the differences seen in the intensity
and peak velocity distributions, we decided to separate the filament into different parts.
We then analyze these parts separately and investigate their individual correlations with
the shown star formation tracers.

3.3.3 Different CO morphologies over the extended Nessie

The extended Nessie filament shows several morphological differences in CO gas which
allows us to separate it into different parts, which are indicated in Fig. 3.3. The most
obvious are three areas, where the spine is located around HII shells (parts c, i, k) with
two of them enclosing the classical Nessie (c, i). In part d in the classical Nessie, we
find a segment that shows a velocity gradient perpendicular to the elongation of the
filament, which separates it from the rest. Next to it we find a side branch of the long
filament (part e), that covers three ATLASGAL clumps, and therefore, shows active
star formation. The rest of the classical Nessie we split in three parts: one the more
extended part, which shows branches in the dust extinction data of (Chapter 2, part
f ), part g shows a single narrow filament without branches in the extinction data, but
is barely resolved in the SEDIGISM 13CO data, and part h is, as previously mentioned,
barely detected in 13CO. The extension towards lower galactic longitudes is separated
in three parts, one of them the earlier mentioned region influenced by stellar feedback
(k), which separates the others. Part j is the section with the largest radial extent
in Nessie, which shows signs of fragmentation in CO. In part l we find a structure
with medium radial extent and dominated by a central dense region, from which also
two branches, one to each side, are identified. The higher longitude extension is more
homogeneous, but the outer part seems to be only diffuse gas and is at the limit of the
13CO sensitivity. Therefore, we also split this part. The more dense part b shows a
more curved spine than in the rest of the filament.

We derive the mass, M , length over the skeleton, l(d), covered area, A, and the
average velocity dispersion, σv for each part separately. In order to compare their
physical properties we then calculate the surface density, Σ = M/A, the observed,
mobs = M/l(d), and the non-thermal critical line-mass mnt = 2σv/G. However, it
needs to be mentioned that the skeleton of the structures is not necessarily complete
and therefore, the observed line-mass would be overestimated, which might be the case
specifically for regions b,h, and j, as they show a large radial extent of 13CO emission.
The results of these measurements are shown in Table 3.1.

Additionally, we measure the closest distance of each pixel to the spine of each
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part. Therefore, we can show the distribution of intensity, peak velocity and velocity
dispersion dependent on the radial distance. Here we choose to use negative distances
for representing pixels with Galactic longitudes below the spine, except for part k. As
the spine of part k describes a circle we choose the inner part to be at negative distances.
We then use the radial intensity distribution to estimate the mean full width at half
maximum (FWHM) of the spine after subtracting the low intensity envelope using a
linear fit to the most outer values. The resulting FWHMs are presented in Table 3.1.

3.4 Results

3.4.1 Comparison of physical properties

After separating the extended filament in several parts based on observed morphological
differences we now will analyze each part in more detail. In particular, we compare the
morphology observed in 13CO and C18O with separately identified objects like high-
mass clumps from the ATLASGAL catalog (Urquhart et al., 2018) and the HiGAL
catalog (Elia et al., 2017), and HII regions from the catalog of Anderson et al. (2014),
which is shown in Figs 3.5 and 3.6. Additionally, we show the resulting measurements
of the parameters of each part and the whole structure in Table 3.1.

Table 3.1: Table of the derived physical properties for each part and the total extended
Nessie.

Part M l l(d) mobs σv
a mvir < Σ > FWHM NATG

b NHG
c

M�
′ pc M�/pc km/s M�/pc M�/pc2 pc

a 12960 38.54 34.8 372 1.18 647 114 2.09 0 (0) 3 (1)
b 19948 29.22 26.3 758 0.97 437 181 2.60 4 (2) 10 (3)
c 4930 11.39 10.3 479 0.86 344 243 0.90 3 (3) 0 (0)
d 8479 15.65 14.1 601 1.27 750 184 1.39 1 (1) 4 (2)
e 5267 10.73 9.7 543 0.94 411 221 1.07 3 (2) 1 (1)
f 9512 24.77 22.3 427 1.33 822 129 2.19 2 (1) 7 (5)
g 6721 19.85 17.9 375 0.99 456 109 1.69 4 (4) 0 (0)
h 7606 14.96 13.5 563 1.30 786 93 2.22 3 (3) 4 (4)
i 22825 30.90 27.9 818 1.08 542 277 1.22 9 (2) 6 (3)
j 26526 43.57 39.3 675 0.90 377 196 1.84 4 (4) 0 (0)
k 7235 21.42 19.3 375 0.89 368 195 0.90 3 (3) 0 (0)
l 32584 54.57 49.2 662 0.81 305 201 1.25 11 (9) 13 (9)

all 188980 313.99 283.1 668 1.10 563 158 1.61 47 (34) 48 (28)

Notes. (a) Average second order moment of all pixels within the area. (b) Number of ATLAS-
GAL sources within the area, and on the skeleton in brackets. (c) Number of Hi-GAL sources
within the area, and on the skeleton in brackets.

3.4.1.1 Part a

Part a shows a large extent of diffuse gas (< Σa >= 114 M� pc−2, FWHMa = 2.09 pc),
where the integrated 13CO intensities do not exceed 12 K km s−1. The chosen mask of
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Figure 3.5: Integrated 13CO intensity (zeroth order moment) maps overlaid with C18O
integrated intensity contours of 4, 7, 10, 15, 20 K km s−1, and marks of 13CO peaks
(plus), C18O peaks (x), ATLASGAL sources (triangle), Hi-GAL sources (filled circles),
HII regions (rings) and the part limits (green contour).

this area avoids contamination from areas located around the Nessie structure, which
show clearly different peak velocities. Therefore, the radial extent from −3 pc to 3 pc

might be underestimated and therefore, also the mass (Ma ≥ 12960 M�) and line-
mass (ma ≥ 372 M� pc−1). In this area we find only three Hi-GAL clumps, which
are not associated with any identified CO intensity peak. However, one ATLASGAL
protostellar source (AGAL339.886-00.421) just outside the mask is associated with a
13CO and C18O peak and was observed to have the same peak velocity than the average
of part a. In total, this indicates a low star formation activity.
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Figure 3.6: Peak velocity (first order moment) maps of 13CO overlaid with 13CO inte-
grated intensity contours of 5, 10, 15, 20, 30, 40, 50K km s−1, and marks of 13CO peaks
(plus), C18O peaks (x), ATLASGAL sources (triangle), Hi-GAL sources (filled circles),
HII regions (rings) and the part limits (green contour).

3.4.1.2 Part b

In part b the emission from part a continues coherently, but increases the intensity
(< Σb >= 181 M� pc−2) on the spine (FWHMb = 2.60 pc). Also, the spine of part b
is more curved in the plane of the sky than the other parts of the Nessie spine, and it
follows several peaks in the integrated intensity maps. We see four ATLASGAL clumps
associated with CO peaks, where two are located on the skeleton. Further, three Hi-
GAL sources are associated with the ATLASGAL clumps, three with other CO peaks
and four do not have associations. Additionally, there are two compact HII regions
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within part b, which both are aligned with bright CO emission, but only one has an
ATLASGAL and Hi-GAL protostar association with a 40′′ (one beam) offset. The
radial distribution of 13CO intensities shows peaks at larger radii, which are also seen
from the identified peaks on the CO maps and therefore, the assumed skeleton might
not present the true morphology of the structure. Also the emission is truncated for
Galactic latitudes below −0.5◦ because of the edge of the observed data. Therefore, the
mass of part b (Mb ≥ 19948 M�) and the length over the skeleton (lb(d) ≥ 26.3 pc)
might be lower limits, leading to a line-mass of mb ≈ 756 M� pc−1. Furthermore,
the distribution of the peak velocities indicates an average velocity gradient across the
skeleton of about −0.2 km s−1 pc−1.

3.4.1.3 Part c

For part c again we see a coherent transition from the previous part b. However, the
radial extent is drastically reduced to a total width of about 2.5 pc with a FWHMc =

0.90 pc and the CO intensities increase (< Σc >= 243 M� pc−2). This change is
caused by the impact of an extended HII region (G339.134-00.377), which gives this
part of the filament a compressed roundish shape. On the CO emission maps we could
identify 4 peaks with three of them showing an ATLASGAL association (1 protostar,
2 YSOs) with slight offset to the peak location. Also one compact HII region is located
at an 40′′ offset to one peak. With the higher intensities but lower radial extent we
find a line-mass of mc = 463 M� pc−1 with a mass of Mc = 4906 M� and a length of
lc(d) = 10.6 pc. Towards part d we see a jump of about 4 km s−1 in the peak velocities
for a small area. Such jumps are created because the used algorithm follows the highest
intensity component within the given velocity range. However, as there is a coherent
connection around this area, we interpret this area as line-of-sight contamination.

3.4.1.4 Part d

As stated before, the connection to part c shows some incoherent areas. While the
change of peak velocity is more gradually in d, the integrated intensity shows a strong
increase here. This indicates that the second bright velocity component merges with the
one tracing the Nessie filament and cannot be resolved separately. In general, this part
is again less confined (FWHMd = 1.39 pc) and again shows a radial velocity gradient,
however, with about 1.2 km s−1 pc−1 it is steeper and orientated in opposite direction
to part b. Within part d we find four Hi-GAL CO peak associations, one ATLASGAL
CO association, and one more CO peak. Except for one Hi-GAL source, all sources are
located on the center skeleton. We find a line-mass of md = 605 M� pc−1 with a mass
of Md = 8596 M� and a length of ld(d) = 14.2 pc.

3.4.1.5 Part e

Part e is only a side branch of the extended Nessie filament, but with a high surface
density of < Σe >= 221 M� pc

−2 and a confined spine with a FWHMe = 1.07. How-
ever, the line-mass me = 543 M� pc−1 of this branch is in agreement the value of the
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complete extended Nessie. This part shows a jump in peak velocity and intensity along
one line towards the main spine, while there is a coherent connection along the skeleton.
This part is dominated by one strong 13CO emission peak, which is separated in two
peaks in C18O. Both C18O peaks are associated with an ATLASGAL source, of which
one is additionally associated with a compact HII region. Further, there is another less
bright peak in both CO maps which is associated with an ATLASGAL and a Hi-GAL
source. Part e also shows a especially flat distribution of peak intensities.

3.4.1.6 Part f

Now following again the spine of Nessie, we find that the spine is not the center of
the radial extent of the emission (−4 pc to 2 pc), especially towards lower Galactic
longitudes, with a width of FWHMf = 2.19 pc. Also, we identified two side branches
towards lower Galactic latitudes, that branch off the spine in a similar angle. We
identified four CO peaks, which are all located on the spine in the higher longitude
half of the field. One peak is associated with an ATLASGAL source and one with
a Hi-GAL source. Additionally, there are another six Hi-GAL and one ATLASGAL
clump within the field, which have no CO peak association as the integrated intensity
does not exceed the threshold. The average of radial distribution of the peak velocities
shows a gradient of −0.5 km s−1 pc−1 for the radii between −4 pc and −1 pc, is flat in
the center (−1 pc to 1 pc), and increases with a rate of 2.0 km s−1 pc−1 towards the
edge at 2 pc.

3.4.1.7 Part g

Part g shows a similar morphology as part f, but with a lower average intensity in both
CO isotopes and the gas is more confined (FWHMg = 1.69 pc) on the non-centered
spine. Therefore, we identified only two peaks in 13CO and three in C18O . We find
four ATLASGAL sources within g, where three are associated with the 13CO peaks
and again one of these shows in addition alignment with a radio quiet HII region.
The evolutionary stages of the sources are two massive star formation regions and two
YSOs, one with the HII region. Therefore, this part is especially notable for its confined
morphology and the low number of point sources, which are, however, further evolved
than in the other regions. The average distribution of the peak velocities is also similar
to part f, but with a shallower increase of about 1.0 km s−1 pc−1 for radii from 0 pc

to 2 pc. Despite the confined appearance the line-mass (mg = 375 M� pc−1) is on the
lower end of the parts, which shows, that the low intensity regions around the skeleton
contribute significantly to the mass. This is also represented in the low surface density
of < Σg >= 109 M� pc

−2.

3.4.1.8 Part h

Part h shows only diffuse gas (< Σh >= 97 M� pc
−2) in 13CO , which does not follow

the skeleton we chose in the beginning based on the dust extinction measurements in
Chapter 2. However, in C18O some part of the skeleton is traced by the emission.



3.4. Results 59

Because of the generally diffuse gas we identified only two 13CO and two C18O peaks,
of which one 13CO peak can be associated with a Hi-GAL and an ATLASGAL source
and one C18O peak with one Hi-GAL source. Also, we find the radial distribution of
intensities to be less confined than in other parts (FWHMh = 2.22), but the variance
of the peak velocities and velocity dispersions is lower around the skeleton than at
larger radii. However, because of the large radial extent without a clear detectable
filamentary structure the line-mass might be overestimated mh ≥ 786 M� pc−1.

3.4.1.9 Part i

Part i shows the next known extended HII region (G337.957-00.474) within the Nessie
filament. A second, smaller HII region (G337.922-00.463) is indicated for this area by
Anderson et al. (2014), which is, however not traced by the CO emission. The shell of
the big HII region is not completely detected because of missing data at the edge of
the survey. As the spine of this part follows the shape of the shell we can see that the
intensity increases strongly from the inside of the shell and drops in a more shallow
way to the outside. Also, we find the highest intensities towards the lower Galactic
longitude side of the shell, and a low intensity gap towards higher Galactic longitudes.
The distribution of peak velocities is relatively flat with a small increase again towards
higher Galactic longitudes. In the shell we find nine ATLASGAL sources (5 YSOs, 2
protostellar, 2 quiescent), and six Hi-GAL sources (2 protostellar, 4 quiescent). All of
them can be associated to a CO peak.

3.4.1.10 Part j

Part j shows the largest radial extent and the highest intensity for the surrounding
gas, but the central filament is still well confined (FWHMj = 1.84 pc) and shows
about equally spaced peaks. This equal spacing is a hint on on-going fragmentation as
discussed in Chapter 2. Because of the generally high intensity (< Σj >= 196 M� pc

−2)
we identified several 13CO and C18O peaks, however, only the central spine they are
aligned. Also on the spine there are three ATLASGAL sources, which are associated
to CO peaks, and one of them can be associated with a HII region candidate. There
is one more ATLASGAL source located towards higher Galactic latitudes, which is
aligned with a 13CO peak. The large radial extent and high CO intensities lead to a
mass of about Mj = 26526 M�. The 13CO and C18O emission contours indicate five
side branches and therefore, the line-mass of mj = 377 M� pc−1.

3.4.1.11 Part k

Part k shows two shell like structures located next to each other, however, only one is
indicated as HII region candidate (G337.684-00.343). The lower galactic latitude side
of the shells is in line with the spine of the extended Nessie. In the shell of the higher
longitude HII region we find five aligned 13CO – C18O peaks, of which one is located
in an elongated high intensity clump on the spine of Nessie. This elongated clump can
be associated with three ATLASGAL sources (2 YSOs, 1 protostellar). The second
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shell structure is less prominent and only a single position is detected in C18O. Also,
we do not find high-mass star formations signs in this shell and only two 13CO and
C18O peaks. Like the other extended shells also here the intensity is increasing strongly
from the inside of the shell and decreases more shallow towards the surrounding with
a confined spine of FWHMk = 0.90 pc.

3.4.1.12 Part l

Most obvious in part l is a central peak which shows the highest integrated intensity
in the extended Nessie filament. It is located in the intersection of the main spine and
a side branch. In the rest of this part the integrated emission is concentrated on the
skeleton and therefore, most CO peaks are also located on the skeleton. However, we
find only two 13CO – C18O associations, which can be explained by the brightness of
the central peak that makes it difficult to identify peaks in the surrounding with our
simple approach. Additionally, this part shows the most ATLASGAL (11) and HiGAL
(14) associations of all parts, which are almost exclusively located on the skeleton, and
13 HII regions (10 radio quiet, 3 candidates), which can only partially be associated
with the dust continuum clumps.

3.5 Discussion and Conclusions

We find the extended Nessie filament as a spatially continuous structure in the
SEDIGISM 13CO emission at a resolution of 40′′. The SEDIGISM C18O emission
traces the high column density parts of Nessie and therefore, shows a narrower radial
extent than 13CO and is not detected towards the regions of low 13CO intensity leav-
ing a spatially non continuous structure. The velocity structure is also continuous over
most parts of the filament. The two exceptions are around Galactic longitudes of 339.1◦

and 338.0◦, where the line-of-sight velocities are likely to be influenced by the neighbor-
ing HII regions G337.957-00.474 (and possibly G337.922-00.463) and G339.134-00.377
(part c, and i). As the two rapid changes in the velocity can be explained by the
expanding HII shells we still consider the extended Nessie to be a single structure.

However, despite the continuity in ppv-space the morphology of the gas is constantly
changing over the structure. The surface density of the regions is varying between
93 M� pc−2 and 277 M� pc−2 and indicate denser and more diffuse regions. We find
the FWHM of the spine ranging from 2.6 pc in the diffuse parts to 0.9 pc in the
parts around the HII shells. Some regions show velocity gradients across the filament
spine, and some show the minimum velocity centered on the spine, while others are
flat. While identifying the intensity peaks of the integrated 13CO and C18O emission
we find them concentrated on the skeleton in regions of higher surface density and an
absence of peaks in low surface density regions. This is also true for the distribution
of ATLASGAL and Hi-GAL high-mass clumps. In addition, the ATLASGAL sources
are more likely to be located on the skeleton (72%, 58% for Hi-GAL sources) and
are associated with the brightest peaks identified in CO, whereas Hi-GAL sources are
associated with less bright CO peaks.



3.5. Discussion and Conclusions 61

The existence of four expanding HII regions within and close to the extended Nessie
filament (parts c, i, k) suggest that the O/B stars creating the shells were formed in
the filament. Especially, the continuity in ppv-space on at least one side of the shell
indicates that the line-of-sight position is similar to the one of the molecular gas.
Additionally, we find several radio quiet HII regions correlated with bright CO peaks,
however, because of the missing velocity information for the HII regions we cannot
confirm an association. Furthermore, we find associations for 47 ATLASGAL and
48 Hi-GAL high-mass clumps at different evolutionary stages, which shows on-going
high-mass star formation over large parts of the filament.

Another finding connected to the on-going high-mass star formation is that the
shells of the expanded HII regions (parts c, i, k) also harbor high-mass clumps. These
shells show confined (0.9 – 1.22 pc) high intensity 13CO emission with surface densities
among the highest values of Nessie (195 – 277 M� pc−2). Further part c, and k show
each three almost equally spaced ATLASGAL sources located on the skeleton, of which
two are in the YSO phase and one is in the protostellar phase. The equal spacing can
hint on fragmentation processes, like the sausage instability discussed in the previous
chapter. However, due to the low number of sources this is not a significant finding. The
expanded shell in part i shows a more complex structure, which might be caused by the
overlap of two HII regions (G337.957-00.474 and G337.922-00.463), but harbors with
15 ATLASGAL and Hi-GAL sources (ten on the skeleton) significantly more high-
mass clumps. Therefore, 21 of 95 high-mass clumps (22%) are located in expanded
HII shells, which cover only 12% of the area. This accumulation can be interpreted
with two scenarios: star formation is triggered by the external pressure from the HII
region onto the surrounding molecular gas, leading to a compression of the gas and
increased density, which supports (high-mass) star formation. Alternatively, the high-
mass clumps condensate out of an larger gas clump which is then dispersed by the
most massive (fastest evolving) high-mass star and the gravitationally bound clumps
are moved along with the gas. However, this scenario is unlikely because the radiation
pressure and stellar winds of one star is not sufficient to move these massive objects.

Velocity gradients across the filament were observed in two parts, which can be
interpreted as radial collapse, but two different parts show a minimum velocity at the
spine contradicting this interpretation. Also, comparing the observed line-mass with
the critical non-thermal (virial) value shows no conclusive correlation, however, the
used skeleton must not be representative at every point and we find additional velocity
components in the line-of-sight, which introduces some uncertainties.

Nevertheless, comparing our findings in the extended Nessie filament with the mod-
els of giant molecular filaments (GMFs) from Smith et al. (2014) and Duarte-Cabral &
Dobbs (2017) we see several similarities. In particular, we find coherence in ppv-space,
morphological differences along the filament, and on-going continuous (high-mass) star
formation in localized parts of the molecular filament. However, these findings are
predicted by both models and we do not find a clear observational signature for one of
either models. Clearly, more studies are needed to understand the formation GMFs.

Further observations to differentiate the two proposed formation processes need to
target the outer regions of GMFs with tracers of diffuse molecular, neutral and ionized
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gas. This will reveal whether gas is constantly falling into the gravitational potential
of the spiral arm, or exerts pressure onto the filament. To achieve a conclusive result it
may also be necessary to derive the gas and dust temperatures throughout Nessie. The
dust temperatures can be derived from the Herschel dust continuum maps. For the gas
temperature we need observations of different transitions the same molecular tracer.
From SEDIGISM we have the 13CO(2 – 1) line and the public available ThrUMMS
survey provides the 13CO(1 – 0) line, however, at a spatial resolution of 72′′. Alterna-
tively, the newly commissioned LASMA receiver at the APEX telescope will be able
to observe the 13CO(3 – 2) line at a higher resolution of about 20′′. With this data we
will be able to also calculate the opacities of the gas and therefore, get a more precise
estimate of the mass.

Figure 3.7: Comparison of filaments identified with the DisPerSE algorithm on AT-
LASGAL emission with the extended Nessie filament.

As we discussed in Chapter 3.3 it is not straight forward to find a continuous
skeleton for such a long structure. Nevertheless, Li et al. (2016) applied the DisPerSE
algorithm (Sousbie, 2011) to the ATLASGAL dust continuum data (Schuller et al.,
2009) smoothed to a spatial resolution of 42′′ to identify massive filamentary structures
(see also Chapter 1.4.1). These massive filaments will be discussed in the following
Chapters. However, as this also includes filaments within the extended Nessie area,
we will briefly show how these compare to the findings of this study. To do so we
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extract the SEDIGISM data around the 7 skeletons found to be associated within
Nessie and integrate over the relevant velocity ranges (at maximum the range identified
in Chapter 3.3). We then plot the skeletons and the ATLASGAL contours onto the
integrated intensity maps and compare them to the integrated intensity map of the
extended Nessie (Fig. 3.7). We find that the DisPerSE filaments cover only parts of
the extended filament, which show a significant intensity in ATLASGAL and excludes
the bright HII region at l = 338.0◦ (probably categorized differently). This is only
partially true for the 13CO(2 – 1) SEDIGISM emission, where several bright regions are
not covered by the DisPerSE skeletons. However, large parts of the extended Nessie
could be recovered by applying a friends-of-friends analyses to the filaments from Li
et al. (2016).

Table 3.2: Table of HII associations from the catalog of Anderson et al. (2014), where
the Categories are Known, Candidate, and radio Quiet.

WISE Name gl gb Cat. R vlsr
◦ ◦ ′′ km/s

G337.367-00.402 337.37 -0.40 Q 22.0 -
G337.377-00.389 337.38 -0.39 Q 22.0 -
G337.345-00.380 337.35 -0.38 Q 22.0 -
G337.301-00.400 337.30 -0.40 Q 22.0 -
G337.284-00.389 337.28 -0.39 Q 19.0 -
G337.402-00.310 337.40 -0.31 Q 22.0 -
G337.453-00.363 337.45 -0.36 C 95.0 -
G337.527-00.402 337.53 -0.40 Q 50.0 -
G337.428-00.401 337.43 -0.40 C 58.0 -41.9
G337.439-00.397 337.44 -0.40 Q 22.0 -41.9
G337.392-00.401 337.39 -0.40 Q 22.0 -41.4
G337.404-00.404 337.40 -0.40 C 38.0 -41.4
G337.412-00.401 337.41 -0.40 Q 22.0 -41.4
G337.684-00.343 337.68 -0.34 C 162.0 -
G337.595-00.366 337.60 -0.37 Q 31.0 -
G337.843-00.372 337.84 -0.37 C 70.0 -40.4
G337.957-00.474 337.96 -0.47 K 265.0 -
G337.784-00.507 337.78 -0.51 Q 31.0 -
G337.922-00.463 337.92 -0.46 K 108.0 -40.3
G338.400-00.407 338.40 -0.41 Q 23.0 -37.8
G339.348-00.434 339.35 -0.43 Q 26.0 -
G339.154-00.497 339.15 -0.50 Q 28.0 -
G339.134-00.377 339.13 -0.38 K 257.0 -
G338.925-00.504 338.93 -0.50 Q 24.0 -
G339.178-00.381 339.18 -0.38 Q 23.0 -
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Table 3.3: Table of ATLASGAL associations.

ATLASGAL Name gl gb vlsr Evolution
◦ ◦ km/s

AGAL337.123-00.372 337.12 -0.37 -39.7 Protostellar
AGAL337.139-00.382 337.14 -0.38 -39.3 Protostellar
AGAL337.152-00.394 337.15 -0.39 -40.1 MSF
AGAL337.216-00.391 337.22 -0.39 -41.1 Protostellar
AGAL337.329-00.499 337.33 -0.50 -39.8 Quiescent
AGAL337.371-00.399 337.37 -0.40 -41.4 YSO
AGAL337.382-00.394 337.38 -0.39 -41.5 YSO
AGAL337.392-00.396 337.39 -0.40 -41.0 YSO
AGAL337.406-00.402 337.41 -0.40 -41.4 MSF
AGAL337.421-00.296 337.42 -0.30 -42.4 YSO
AGAL337.438-00.397 337.44 -0.40 -41.3 YSO
AGAL337.451-00.382 337.45 -0.38 -42.4 YSO
AGAL337.676-00.367 337.68 -0.37 -41.9 YSO
AGAL337.689-00.366 337.69 -0.37 -41.5 YSO
AGAL337.704-00.354 337.70 -0.35 -41.8 YSO
AGAL337.761-00.339 337.76 -0.34 -41.2 YSO
AGAL337.804-00.334 337.80 -0.33 -41.2 YSO
AGAL337.844-00.376 337.84 -0.38 -40.4 MSF
AGAL337.864-00.274 337.86 -0.27 -41.5 Protostellar
AGAL337.889-00.489 337.89 -0.49 -40.0 YSO
AGAL337.891-00.491 337.89 -0.49 -40.0 YSO
AGAL337.916-00.477 337.92 -0.48 -39.6 YSO
AGAL337.922-00.456 337.92 -0.46 -38.7 MSF
AGAL337.927-00.432 337.93 -0.43 -39.5
AGAL337.931-00.521 337.93 -0.52 -37.6 YSO
AGAL337.934-00.507 337.93 -0.51 -38.0 YSO
AGAL337.994-00.514 337.99 -0.51 -39.2 YSO
AGAL338.021-00.206 338.02 -0.21 -43.1 Protostellar
AGAL338.026-00.476 338.03 -0.48 -39.1 YSO
AGAL338.089-00.447 338.09 -0.45 -37.3 Protostellar
AGAL338.112-00.462 338.11 -0.46 -38.4 Quiescent
AGAL338.199-00.464 338.20 -0.46 -38.0 Protostellar
AGAL338.327-00.409 338.33 -0.41 -38.5 MSF
AGAL338.394-00.406 338.39 -0.41 -38.3 MSF
AGAL338.424-00.411 338.42 -0.41 -37.4 Protostellar
AGAL338.551-00.419 338.55 -0.42 -38.8 YSO
AGAL338.732-00.469 338.73 -0.47 -38.9 Quiescent
AGAL338.779-00.459 338.78 -0.46 -40.0 Quiescent
AGAL338.869-00.479 338.87 -0.48 -36.5 Quiescent
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Table 3.3: Table of ATLASGAL associations continued.

ATLASGAL Name gl gb vlsr Evolution
◦ ◦ km/s

AGAL338.927-00.501 338.93 -0.50 -37.0 YSO
AGAL338.937-00.422 338.94 -0.42 -39.5 Protostellar
AGAL338.937-00.492 338.94 -0.49 -36.9 MSF
AGAL339.054-00.412 339.05 -0.41 -35.9 Quiescent
AGAL339.126-00.422 339.13 -0.42 -37.2 YSO
AGAL339.144-00.504 339.14 -0.50 -39.6 Protostellar
AGAL339.176-00.391 339.18 -0.39 -37.6 YSO
AGAL339.261-00.374 339.26 -0.37 -39.0 Quiescent
AGAL339.351-00.457 339.35 -0.46 -36.1 Protostellar
AGAL339.403-00.414 339.40 -0.41 -38.3 MSF
AGAL339.886-00.421 339.89 -0.42 -37.7 Protostellar
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Table 3.4: Table of Hi-GAL associations.

Hi-GAL Name gl gb d Evolution
◦ ◦ kpc

HIGALBM337.1219-0.3717 337.12 -0.37 3.2 2
HIGALBM337.1334-0.3817 337.13 -0.38 3.2 1
HIGALBM337.1424-0.3999 337.14 -0.40 3.2 2
HIGALBM337.1534-0.3949 337.15 -0.39 3.2 2
HIGALBM337.1641-0.3925 337.16 -0.39 3.2 2
HIGALBM337.3323-0.4060 337.33 -0.40 3.0 1
HIGALBM337.3496-0.4379 337.35 -0.44 3.2 2
HIGALBM337.3673-0.3983 337.37 -0.40 3.0 2
HIGALBM337.3684-0.4510 337.37 -0.45 3.2 1
HIGALBM337.3802-0.3937 337.38 -0.39 3.0 1
HIGALBM337.4251-0.4022 337.43 -0.40 3.0 2
HIGALBM337.4367-0.3974 337.44 -0.40 3.1 2
HIGALBM337.4516-0.3829 337.45 -0.38 3.1 1
HIGALBM337.4581-0.3959 337.46 -0.40 3.1 2
HIGALBM337.9041-0.4431 337.90 -0.44 3.1 2
HIGALBM337.9118-0.4607 337.91 -0.46 3.1 2
HIGALBM337.9191-0.4940 337.92 -0.49 3.1 2
HIGALBM337.9272-0.4575 337.93 -0.46 3.1 2
HIGALBM337.9640-0.4453 337.96 -0.45 3.1 2
HIGALBM338.0379-0.4657 338.04 -0.47 3.0 2
HIGALBM338.0921-0.4480 338.09 -0.45 3.0 2
HIGALBM338.1233-0.3170 338.12 -0.32 3.3 2
HIGALBM338.1680-0.4654 338.17 -0.47 2.9 2
HIGALBM338.1818-0.3237 338.18 -0.32 2.9 2
HIGALBM338.1837-0.4636 338.18 -0.46 2.9 2
HIGALBM338.1987-0.4624 338.20 -0.46 2.9 2
HIGALBM338.2707-0.2920 338.27 -0.29 3.0 2
HIGALBM338.6006-0.4378 338.60 -0.44 3.0 2
HIGALBM338.6540-0.4506 338.65 -0.45 3.2 2
HIGALBM338.6613-0.4544 338.66 -0.45 3.2 2
HIGALBM338.6925-0.4777 338.69 -0.48 3.2 1
HIGALBM338.7243-0.4584 338.72 -0.46 3.2 2
HIGALBM338.7333-0.4717 338.73 -0.47 3.2 1
HIGALBM338.7537-0.4547 338.75 -0.45 3.2 2
HIGALBM338.8675-0.4776 338.87 -0.48 3.1 2
HIGALBM338.9698-0.3798 338.97 -0.38 3.1 2
HIGALBM338.9930-0.3996 338.99 -0.40 3.1 2
HIGALBM339.0185-0.3963 339.02 -0.40 3.1 1
HIGALBM339.0271-0.3987 339.03 -0.40 3.1 2
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Table 3.4: Table of Hi-GAL associations continued.

Hi-GAL Name gl gb d Evolution
◦ ◦ kpc

HIGALBM339.1439-0.5021 339.14 -0.50 3.1 2
HIGALBM339.1452-0.5149 339.15 -0.51 3.1 1
HIGALBM339.2349-0.4709 339.23 -0.47 3.3 1
HIGALBM339.2907-0.4745 339.29 -0.47 3.3 1
HIGALBM339.2951-0.4628 339.30 -0.46 3.3 2
HIGALBM339.3214-0.4764 339.32 -0.48 3.0 2
HIGALBM339.3298-0.4740 339.33 -0.47 3.0 2
HIGALBM339.3504-0.4582 339.35 -0.46 3.0 2
HIGALBM339.3511-0.4822 339.35 -0.48 3.0 2
HIGALBM339.3997-0.4138 339.40 -0.41 3.2 2
HIGALBM339.4844-0.4971 339.48 -0.50 3.1 1
HIGALBM339.4964-0.4918 339.50 -0.49 3.1 1
HIGALBM339.5785-0.3885 339.58 -0.39 3.0 2
HIGALBM339.9031-0.3801 339.90 -0.38 3.1 1





Chapter 4

Filaments in the SEDIGISM
demonstration field

This chapter covers my contribution to content of Section 7.1 of the publication F.
Schuller, T. Csengeri, J. S. Urquhart, A. Duarte-Cabral, P. J. Barnes, A. Giannetti,
A. K. Hernandez, S. Leurini, M. Mattern, et al. (35 more) , 2017, A&A, 601, A124,
and additional unpublished analysis.

As shown in the previous chapter, giant molecular filaments do not behave as a
single entity, but rather as a chain of smaller filamentary structures. Additionally, it
was shown that 13CO is a good tracer for larger complexes of molecular gas. Therefore,
we decided to visually inspect the SEDIGISM science demonstration field (340.0◦ <

l < 341.5◦) to identify different structures of 13CO emission.
Generally, we find 13CO emission only at velocities between −150 km s−1 and

0 km s−1, which is agreement with what we expect from the Galactic rotation to-
wards this sight line, and we find stronger emission from Galactic longitudes b < 0◦

than b > 0◦. To identify structures at different velocities we use an average spectra of
the field and position-velocity plots, where we integrate over the Galactic latitude and
longitude (Fig. 4.1). We find several complexes of emission which we then inspect in
more detail to disentangle their structure.

In total, we find nine bigger complexes with each of them containing at least one
filamentary structure. However, only two complexes show high intensity filamentary
structures, which would indicate dense gas. These two complexes have peak velocities
of around −45.0 km s−1 and −122.0 km s−1, which corresponds to the highest intensity
peak in the average spectrum of the field. While the −122.0 km s−1 complex shows only
one high intensity structure, in the −45.0 km s−1 complex we find four high intensity
filamentary structures, which are connected by low intensity gas. Furthermore, we
can associate the found complexes with the spiral arms of the Milky Way using the
4-arm model of Pettitt et al. (2014), where the bright components align with the near
Scutum-Centaurus and near 3-kpc arm and the other complexes with the near and far
Norma arm, and the far 3-kpc arm (see Fig. 10 in Schuller et al., 2017).

In general, we find filamentary structures in every 13CO complex with dense fila-
ments located within less dense filamentary structures, where the size of the structure
is dependent on the lower identification threshold. For a low threshold most structures
seem to be connected by surrounding diffuse gas, which is likely to be associated to
the spiral structure of the Galaxy. This confirms the ubiquity of filaments in the ISM
and their hierarchical structure. The densest parts of the structures are also traced by
C18O emission.
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Figure 4.1: The SEDIGISM science demonstration field viewed in different perspectives.
Top Left: Average spectra over the whole field. Top Right: 13CO intensity integrated
over the velocity range −49.0 km s−1–−43.0 km s−1. Bottom Left: Position-velocity
plot of the science demonstration field integrated over the Galactic latitude. Bottom
Right: Position-velocity plot of the science demonstration field integrated over the
Galactic longitude.

For a more systemtical and unbiased study we use a catalog of previously identified
filaments. Li et al. (2016) identified 517 filamentary structures in the ATLASGAL
dust emission data, which traces dominantly dense gas. This catalog includes also
seven structures that are part of the extended Nessie filament, which supports the
conclusions from Chapter 3. Therefore, this catalog is likely to contain more fragments
or complete giant molecular filaments and could be an ideal starting point to study
them. However, the catalog of Li et al. (2016) does not include velocity informations
and therefore, the structures might not be single filaments, but rather line-of-sight
projections of several structures.

As the real structure of sources from the catalog of Li et al. (2016) is not known,
we will refer to them now as filament candidates, while filament candidates with a
confirmed coherent velocity will be called filaments. The new SEDIGISM survey is the
ideal dataset to investigate the velocity coherence of the filament candidates. To show
what we are able to do with the combination of the filamentary structures of Li et al.
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(2016) and the 13CO and C18O lines of the survey, we performed a test study on the
SEDIGISM science demonstration field, which is published in Schuller et al. (2017).
Here I will give a summary of the work lead by myself.

Within the SEDIGISM science demonstration field Li et al. (2016) identified twelve
filamentary structures, of which nine are filamentary candidates, and three are networks
of filamentary candidates. To verify the velocity coherence of these twelve structures,
we made use of the CO isotopologs observed by the survey. In particular, for each
filament candidate we selected the spine of the skeleton identified in the dust emission,
extracted the spectra along the spine, and analyzed the position-velocity diagrams
along the spine. Additionally, we averaged the spectra located within a dilation box
around the spine. For the diameter of the box we chose three SEDIGISM beams.
From the average spectrum we derived the central velocity and velocity dispersion of
the detected emission lines. We then derived integrated intensity maps of the 13CO
and C18O lines for each identified velocity component, and compared them to the
corresponding ATLASGAL dust emission maps to verify the correlation between the
dust and molecular line emission.

We detected eleven of the twelve structures in the science demonstration field in
the 13CO data. The one undetected structure (G340.600+00.067) shows only weak
dust emission and is located in the noisier area of the field. Ten of the detected struc-
tures have a coherent velocity component, which traces the main part of the spine
identified in ATLASGAL (Fig. 4.2). We find multiple velocity components at all po-
sitions along the spine for the eleventh structure, and there is no single component
that resamples the structure seen in ATLASGAL emission. Another six structures
(G340.482-00.306, G340.511-00.471, G340.981-00.013, G341.415+00.244, G340.236-
00.153, G341.306+00.339) show additional velocity components, which may contribute
to the dust emission by line-of-sight projection. These projections are expected es-
pecially for more crowded regions. Therefore, we expect to see also a separation of
structures or false classified structures. Within the demonstration field this is true
for one filamentary network (G340.236-00.153), which splits into two networks for two
different velocities. In Table 4.1, they are labeled as G340.236-00.153 at −50.9 km s−1

and G340.200-00.035 at −122.2 km s−1.

Table 4.1: Catalog of the ATLASGAL filaments (top) and networks (bottom) in the
First Science Field

Name gl gb v FWHM Iint,13CO A d M13CO Mdust l (m/l)obs (m/l)cr
◦ ◦ km/s km/s K*km/s arcmin2 kpc 103 M� 103 M� pc M�/pc M�/pc

G340.305-00.388 340.305 -0.388 -48.9 8.7 21.4 46.1 3.8 4.9 16.4 23.61 208 2277
G340.318+00.079 340.318 +0.079 -111.7 4.5 3.9 15.3 6.2 0.8 1.0 11.15 70 349
G340.481-00.305 340.481 -0.305 -44.0 6.5 7.6 15.6 3.8 0.6 0.7 7.08 83 2970
G340.513-00.465 340.513 -0.465 -42.8 6.8 11.9 15.2 3.5 0.8 2.0 6.97 110 3178
G340.600+00.065 340.600 +0.065 - - - 18.0 - - - - - -
G340.628-00.091 340.628 -0.091 -48.2 6.5 7.1 9.8 3.6 0.3 0.3 3.63 86 2680
G340.992-00.011 340.992 -0.011 -46.9 3.6 5.7 24.6 3.4 0.6 0.5 11.42 49 736
G341.246-00.267 341.246 -0.267 -44.4 3.4 16.9 44.6 3.6 3.4 12.2 21.34 158 712
G341.415+00.246 341.415 +0.246 -37.5 2.1 6.1 10.5 3.2 0.2 0.2 4.26 53 369
G340.236-00.153 340.236 -0.153 -51.3 7.3 15.3 201.1 3.8 15.3 29.1 - - 2824
G340.941-00.319 340.941 -0.319 -46.0 4.5 11.4 82.2 3.6 4.2 7.7 - - 1887
G341.306+00.339 341.306 +0.339 -78.3 4.0 9.6 30.4 5.2 2.7 4.2 - - 1164
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Figure 4.2: Top Left: Integrated 13CO intensity map of G341.246-00.267. The spectra
of the marked position are shown below. Top Right: Integrated C18O intensity
map. Bottom: 13CO and C18O spectra of the positions marked on the maps on top.
(Schuller et al., 2017)

The ATLASGAL filament catalog provides also distance estimates and physical
sizes for several sources, which we use to calculate the mass. Within the test field
three filaments have assigned distances in the catalog. Additionally, we adopt for the
networks the distances of ATLASGAL point sources (Wienen et al., 2015) that are
most likely connected to the structures. First, we estimated the column densities of
the eleven structures from the average 13CO integrated intensity (Table 4.1) within
the dilation box using the X13CO(2−1) factor derived in Schuller et al. (2017). We then
calculate the mass of each filament through the equation:

M(H2) =
∑
i

Ni(H2)Aiµmp (4.1)

where Ni(H2) is the H2 column density computed for pixel i, Ai the area of pixel i,
µ = 2.8 the mean molecular weight, and mp the proton mass. As mentioned before,
we find line-of-sight contamination for several sources. In the cases of G340.301-00.387
and G340.482-00.306 the projected structures have velocities red-shifted from the main
velocity and contaminate the filament masses up to 20% and 34%, respectively. For
the other sources the projected sources are clearly separated in velocity space.

One measurement of the gravitational stability of a filament is given by the compar-
ison of the observed line-mass, m, with its critical value. The critical line-mass, mcr,
describes the maximum mass per unit length, that can be sustained against gravita-
tional collapse by the thermal motions of the gas. An estimate of the thermal motions
is given by the sound speed, cs, of the medium, which is only dependent on the tem-
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perature of gas. The critical line-mass is then given by mcr = 2c2
s/G (Ostriker, 1964).

However, turbulent motions of the gas can support this mechanism to counteract grav-
ity and therefore, the sound speed can be replaced by the velocity dispersion, σv, of
the medium (mvir = 2σ2

v/G Inutsuka & Miyama, 1997).
To measure the velocity dispersion of the filaments we fitted a Gaussian to the main

component of the structures in the single spectra along the spine, minimizing the effect
of velocity gradients along the filament. Here we only take the 7 detected filaments into
account, as the filament networks are too complex to assign a representative length to
derive a line-mass (Table 4.1). We find two filaments being sub-critical, three being
critical, and two around the critical value, where the ratio of mobs/mvir is ranging from
0.4 to 3.5. Previously, Hernandez et al. (2011) and Contreras et al. (2013) found values
significantly below unity for different filamentary structures. From this we concluded
that filaments might not be gravitationally bound globally, but form stars in the dense
inner parts of the structure. However, our mass estimates include several uncertainties,
like a factor of 2 for the X13CO(2−1) value, and another factor 2 for opacity effects in
the densest clumps embedded in the filaments (Hernandez et al., 2011).

Similar to the Li et al. (2016) catalog Schisano et al. (2014) and Schisano et al. (in
prep.) identified filaments based on Hi-GAL dust emission maps at 70, 160, 250, 350,
and 500 µm. These wavelength trace also the lower column density gas and therefore,
the number of detected filaments per area is higher. Within the area of the science
demonstration field there are 88 Hi-GAL filaments, which include all the filaments
identified by Li et al. (2016).

The visual inspection of the data showed that the SEDIGISM survey is capable of
revealing many filamentary structures at a wide range of column densities. The densest
structures are likely to be also seen in dust continuum observations like ATLASGAL and
Hi-GAL. However, low column density filamentary structures identified in continuum
data may not be a single continuous structure in position-position-velocity space, but
rather an artifact of line-of-sight projection. But even structures identified continuously
in the position-position-velocity data of the survey may not translate into real three
dimensional objects. Hence, a connection in velocity-space may not be indicating a
connection in real space (Clarke et al., 2018).

After we were able to identify 7 filaments within the test field based on the ATLAS-
GAL catalog, the whole SEDIGISM data will allow us to study even more filamentary
structures. Additionally, we identified several filamentary structures by the visual in-
spection of the 13CO data-cube of the test field not previously identified in dust surveys.
These structures show generally low intensities, and therefore are not listed in other
filament catalogs. This demonstrates the power of the SEDIGISM survey for filament
identification. However, different identification approaches are needed to perform an
unbiased search on the SEDIGISM survey. Therefore, we improved and extended the
methods used in this test study and performed an analysis for all filament candidates
of the Li et al. (2016) catalog, which is shown in the following chapter and published
in Mattern et al. (2018).





Chapter 5

SEDIGISM: The kinematics of
ATLASGAL filaments

This chapter is published under M. Mattern, J. Kauffmann, T. Csengeri, J. S.
Urquhart, S. Leurini, F. Wyrowski, A. Giannetti, P. J. Barnes, H. Beuther, L. Bronf-
man et al. (6 more) , 2018, A&A, 619, A166. The Appendix of this Chapter is shown
in Appendix B.

5.1 Introduction

Filamentary structures play an important role in the process of star formation. Obser-
vations at different wavelengths based on various tracers have revealed that filaments
are ubiquitous in the interstellar medium (e.g., Schneider & Elmegreen, 1979; Molinari
et al., 2010; André et al., 2010; Schisano et al., 2014; Ragan et al., 2014; Li et al., 2016).
Filaments are seen in quiescent and star-forming clouds, in which a significant fraction
of prestellar cores are located (André et al., 2010). Filamentary structures have wide
ranges of masses (∼ 1 – 105 M�) and lengths (∼ 0.1 – 100 pc) (e.g., Bally et al., 1987;
Jackson et al., 2010; Arzoumanian et al., 2011; Hernandez et al., 2012; Hacar et al.,
2013; Kirk et al., 2013; Palmeirim et al., 2013; Li et al., 2016; Kainulainen et al., 2013;
Beuther et al., 2015; Kainulainen et al., 2017; Abreu-Vicente et al., 2016; Zucker et al.,
2017).

The processes of filament formation and filament fragmentation to star-forming
cores are not well understood. Because of the wide range of filament size scales and
masses these processes might also differ among filaments. High-resolution magnetohy-
drodynamical simulations of molecular cloud evolution and filament formation show
subsonic motions in the inner dense regions of filaments, but the surrounding low den-
sity gas is supersonic (Padoan et al., 2001; Federrath, 2016). Additionally, accretion
flows along and radially onto the filament have been seen in observations and simula-
tions (Schneider et al., 2010; Peretto et al., 2013, 2014; Henshaw et al., 2014; Smith
et al., 2015). Therefore, the formation and evolution of filaments is a highly dynamical
process and to constrain it is essential to study their kinematics.

Studies of filaments have targeted mainly sources in nearby star-forming regions,
for example Orion, Musca and Taurus (Bally et al., 1987; Takahashi et al., 2013; Hacar
et al., 2016; Kainulainen et al., 2015, 2017), where high resolution data (∼ 0.01 pc,
0.1 km s−1) reveals sub-structures like fibers (Hacar et al., 2013, 2018), or promi-
nent mid-infrared extinction structures, like “Nessie” and infrared dark clouds like
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G11.11−0.12 (Johnstone et al., 2003; Pillai et al., 2006; Schneider et al., 2010; Jack-
son et al., 2010; Kainulainen et al., 2013; Henshaw et al., 2014; Mattern et al., 2018).
Detailed studies of these filaments led us to recognize their important role in star for-
mation, and their internal structure, but studies of small samples do not allow to draw
general conclusions. In particular the filaments towards the more distant, typically
high-mass star forming regions have not yet been systematically studied. Therefore, it
is necessary to study a large unbiased sample of filaments. Such studies have recently
become feasible because of modern multiwavelength surveys, which cover the Galactic
plane at high resolution and sensitivity.

Several catalogs of filamentary structures have been conducted in the last years,
which can be divided in two groups. The filaments in the catalogs of Schisano et al.
(2014); Koch & Rosolowsky (2015); Li et al. (2016) were identified from continuum data
and therefore, miss the kinematic information, and might be affected by line-of-sight
projection effects. The catalogs of Ragan et al. (2014); Zucker et al. (2015); Abreu-
Vicente et al. (2016); Wang et al. (2015, 2016) concentrate on the longest filamentary
structures in the Galaxy. While the identification methods and criteria vary in these
studies, all filaments are tested for a velocity coherent behaviour.

In this study, we have targeted the largest catalog of filamentary structures pub-
lished so far (Li et al., 2016), which is based on the ATLASGAL survey at 870µm

(Schuller et al., 2009). As these structures were identified in continuum dust emission
data, the scope of this work is to use the SEDIGISM data (Schuller et al., 2017) to
assess their velocity structure. Because of the large number of targets, it is necessary to
perform the analysis in a fully-automated way, which are also presented in this work.

In this paper, we will refer to the structures identified by Li et al. (2016) as filament
candidates. After the analysis of their velocity structure we will refer to the velocity co-
herent structures in the filament candidates as filaments, where one filament candidate
can consist of multiple filaments. Some of these filaments may not meet the definitions
of a filament, as they seem to be composed of a chain of dense clumps, or a dense
clump with an elongated low column density environment. However, since filaments
fragment, these structures could represent a late phase of evolution and should not be
ignored.

The structure of the paper is as follows: Section 5.2 introduces the survey data
used in this study and the targeted catalog of filament candidates. The methods used
to separate the velocity components of a given filament candidate and to derive its
filament parameters are described in Section 5.3. In Section 5.4 we present the resulting
statistics of the velocity separation and the interpretation of the kinematics. We then
discuss in Section 5.5 the dependency of the filament mass with increasing radius, and
the origin of the correlation found between the line-mass (mass per unit length) and
velocity dispersion of the filaments. Finally, we summarize our results in Section 5.6.
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5.2 Data and filament sample

5.2.1 Survey data

Within this paper, we will make use of three surveys: ATLASGAL (APEX Telescope
Large Area Survey of the Galaxy, Schuller et al., 2009), ATLASGAL+PLANCK (AT-
LASGAL combined with PLANCK, Csengeri et al., 2016) and SEDIGISM (Structure,
Excitation and Dynamics of the Inner Galactic InterStellar Medium, Schuller et al.,
2017).

The ATLASGAL survey was conducted with the Large APEX Bolometer Camera
(LABOCA) at 870 µm between 2007 and 2010 at the Atacama Pathfinder Experiment
(APEX) telescope (Güsten et al., 2006) located on the Chajnantor plateau in Chile.
The resolution of the survey is 19.2′′ (6.0′′ per pixel) with a 1σ RMS noise in the range
of 40–70 mJy/beam. It covers the inner Galactic plane between −80◦ ≤ ` ≤ 60◦ and
|b| ≤ 1.5◦. It is sensitive to the cold dust, and it traces mainly the high molecular
hydrogen column density regions (NH2 ≥ 1.0× 1022 cm−2) of the ISM.

As the ATLASGAL data is missing the large scale low column density emission
due to sky noise subtraction, Csengeri et al. (2016) combined the survey with the data
observed by the HFI instrument at 353 GHz (850 µm) with a resolution of 4.8′ on
board the PLANCK satellite (Lamarre et al., 2010; Planck Collaboration et al., 2014).
The combined ATLASGAL+PLANCK survey is sensitive to a wide range of spatial
scales at a resolution of 21′′ covering the same region as the original ATLASGAL data
on the same pixel grid.

The SEDIGISM survey (Schuller et al., 2017) covers the inner Galactic plane be-
tween −60◦ ≤ ` ≤ 18◦ and |b| ≤ 0.5◦, which was observed from 2013 to 2016 with the
SHeFI heterodyne receiver (Vassilev et al., 2008) at the APEX telescope. The prime
targets of the survey are the 13CO(2 – 1) and C18O(2 – 1) molecular lines. The average
root-mean-square (RMS) noise of the survey is 0.9 K (TMB) at a velocity resolution of
0.25 km s−1, an FWHM beam size of 30′′, and a pixel-size of 9.5′′. For this analysis we
use the first data release (DR1, Schuller et al. in prep.).

5.2.2 The ATLASGAL sample of filaments

Based on ATLASGAL, Li et al. (2016) produced a catalog of filament candidates,
which is the base for this study. The filaments were identified in the ATLASGAL only
maps, after they were smoothed to a spatial resolution of 42′′. The source extraction
was performed with the DisPerSE (Discrete Persistent Structures Extractor, Sousbie,
2011) algorithm, which is optimized for the identification of large spatially coherent
structures, and has been successfully used to trace filaments in previous studies (e.g.,
Hill et al., 2011; Arzoumanian et al., 2011). Because of the limited sensitivity and
resolution (minimal mean column density NH2 = 1.6×1021 cm−2), the resulting catalog
is unlikely to be complete, however, as it covers a large fraction of the Galactic plane
it is likely to include the full range of sizes and masses of filamentary type structures.

Not all of the identified structures are filamentary, but they cover a range of mor-
phologies and complexity from roundish clumps to large web-like structures. Therefore,
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the identified structures were categorized by Li et al. (2016) through visual inspection
into six groups: unresolved clumps, marginally resolved elongated structures, filaments,
networks of filaments, complexes, and unclassified structures. Here a filament was de-
fined as single elongated linear structure with relatively few branches, an intensity
clearly above the surrounding medium and an aspect ratio of at least 3, that is clearly
resolved across its length and width. The high column densities found in the Galac-
tic center region lead to a higher probability of identifying more complex structures.
Therefore, the number of filament candidates in the catalog is lower towards the Galac-
tic center. This classification resulted in a catalog of 517 filament candidates, providing
the starting point of this study. For more details about the filament identification see Li
et al. (2016). In the following, we will refer to the structures of the catalog as filament
candidates, as they have been identified only in position-position space, which leaves
the possibility of line-of-sight projection effects. One of the objectives of this study is
to investigate their velocity coherence.

5.3 The automated filament analysis

The SEDIGISM survey covers the Galactic plane between −60◦ ≤ ` ≤ 18◦ and |b| ≤
0.5◦, which is only a part of the ATLASGAL survey. Therefore, we analyze the 283
filament candidates in the area covered by all three surveys described in section 5.2.1.
This corresponds to ∼ 55% of the total number of filaments, and can therefore be
considered representative of such structures in the inner Galactic plane.

Because of the large number of filament candidates, it is necessary to use an auto-
mated approach to analyze them. However, as the sample is distributed over a large
range of Galactic longitudes, it is unlikely to find homogeneous conditions in their sur-
rounding material. Therefore, we choose a robust and efficient method to analyze the
data in a systematic way, which leads to the following decisions for the analysis. We use
the calculation of moments instead of multi-Gaussian fitting to identify the kinematics
of the filaments. Also, we do not truncate or alter the skeletons of the filament can-
didates to fit the identified filaments more accurately, but rather neglect parts where
we do not detect molecular gas. Therefore, there are two sets of pixels for a filament
candidate used in the analysis: One that describes only the skeleton for the calculation
of the kinematics and one that includes also the surrounding area within a dilation box
with diameter of three beams used for the structure correlation. This approach results
in larger uncertainties in the derived properties, but the homogeneous method enables
the finding of correlations in the large scale properties of the filaments, which is the
aim of this work.

From Li et al. (2016) we have a set of positions defining the skeleton of each fila-
ment, which trace the highest ATLASGAL intensities, that form the backbone of the
structure. For each candidate we extract the data around the skeleton from the surveys
using a rectangular box that is 5′ larger on each side than the extrema of the skeleton
points. This showed to be sufficient for the analysis of the most nearby < 2 kpc fila-
ments, where the angular extend of the structure is the largest. We now describe the
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analysis performed on every filament candidate.

5.3.1 The filament skeleton

For the analysis of each filament candidate we first have to transfer the skeleton coor-
dinates (Fig. 5.1) onto the SEDIGISM grid. To do so, we check whether all positions
of the skeleton are covered by the SEDIGISM observations, and remove the positions
if they are not covered. This allows us to continue with structures that are partially
truncated by the data limits. Then we overlay the skeleton coordinates on the pixel
grid of the molecular line data. We mark the pixels within a dilation box around each
pixel that covers a position of the DisPerSE skeleton as part of the new pixel skeleton.
The size of the dilation box is set to be larger than the maximum distance between
two neighboring skeleton points. Here a width of 1 pixel (9.5′′) is sufficient. As the
resulting skeleton mask might have a width larger than one pixel, we use the thinning
algorithm of Gonzalez & Woods (1992) to truncate the pixel skeleton. The result is a
“chain” of pixels which might have several branches (see Fig. 5.1).

Figure 5.1: Left: ATLASGAL contours (0.05, 0.1, 0.2, 0.5, 1.0, 2.0 Jy/beam) and skele-
ton derived by DisPerSE for the filament candidate G333.297+00.073, overlaid on an
infrared three color image of the field (red: MIPSGAL 24 µm; green: GLIMPSE 8.0 µm;
blue GLIMPSE 3.6 µm. Right: Skeleton of the filament candidate G333.297+00.073
derived by DisPerSE on top of the ATLASGAL grayscale contour map. The black
contour indicates the dilation box used for the correlation in Section 5.3.3.

5.3.2 Identification of velocity components

In order to investigate whether the filament candidates form a single structure in ve-
locity, spectroscopic observations are indispensable. From a study of filaments in the
SEDIGISM first science field (seven filament candidates in 1.5 deg2, Schuller et al.,
2017), we know that one can observe line emission at very different velocities towards
one continuum structure due to projection effects through the Galactic plane. There-
fore, we average all spectra located on the skeleton and identify the velocity ranges that
show emission peaks in this spectrum. To identify the velocities we smooth the average
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Figure 5.2: Average 13CO (left) and C18O (right) spectrum over the skeleton of
filament candidate G333.297+00.073 (see Figs. 5.1 and 5.1). The red lines mark the
identified emission intervals named by letters.

spectrum with a Gaussian kernel with a dispersion of four channels (= 1 km s−1) to
reduce the noise. In case the signal-to-noise ratio (S/N) is low, peak intensity ≤ 5σ, we
double the kernel width. We then define the velocity range of each spectral component
in the averaged spectrum as that between which the emission attains more than the
1σ noise level. This leaves us with a minimum separation limit of δvmin = 2.5 km s−1,
which is described in detail later on. Furthermore, we only consider components with
an S/N ≥ 5 in their integrated intensity of the original data (for example, see Fig. 5.2).

We then define the ends of the velocity components where the emission peaks of
the average spectrum exceeds the 1σ noise level, so the emission peak is not likely to
be truncated, and accept only components with an integrated intensity S/N ≥ 5 (for
example Fig. 5.2). The above procedure is only applied to the 13CO data because
of their higher S/N. The C18O emission lines are narrower than the 13CO data lines
and so we use the same velocity ranges to calculate the moments in the C18O data.
Thereafter, we calculate the zeroth, first, and second “order” moment of each velocity
component, that indicate the integrated intensity, peak velocity, and velocity dispersion,
respectively, for both molecules. This gives us a first impression of the kinematics of
the filament.

Separating the velocity components of a filament along the line-of-sight is a crucial
part of this work. Therefore, the technique of identifying the velocity range of emission
needs to be tested in a systematic way. We created a simulated data cube with an RMS
noise per position of 1 K, typical for SEDIGISM, and include two filaments at the same
2D location, with the same velocity dispersion and intensity, but with different peak
velocities. For the emission of the filaments, we assume a Gaussian line profile. We
then vary the peak-to-peak velocity, the linewidth, and the intensity and analyze these
cubes in exactly the same way as the observed data. From this modeling, we find for
filaments with a signal-to-noise S/N > 4, which is typical for our 13CO data (channel
width 0.25 km s−1), that the minimal separated peak-to-peak velocity (δv)min depends
linearly on the velocity dispersion σv like,

(δv)min = 2σv + 1 km s−1 (5.1)
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shown in Fig. 5.3. Emission lines with a velocity dispersion of σv < 0.75 km s−1 (3 chan-
nels) are not identified as an emission line. For filaments with low intensities (S/N ≤ 4)
and for different intensities these limits must be degraded by ∆σv = 0.25 km s−1 . We
note, as the identification is done on the average spectrum over the filament skeleton,
the velocity dispersion of an emission line can be larger than the intrinsic value because
of velocity gradients along the skeleton. As a result, we are not resolving the kinematic
substructure, like fibers (δv ≈ 1.0 km s−1, Hacar et al., 2013), but can determine the
large scale kinematics of the filament.

Figure 5.3: Component separation limits dependent on the velocity dispersion of the
two velocity components. The crosses indicate the modeled data points

From previous studies (Schuller et al., 2017) we know that 13CO is likely to be opti-
cally thick towards the densest regions, which might lead to effects like self-absorption,
and could affect the separation method. As the abundance of C18O is lower by
13CO /C18O = 8.3 (Miettinen, 2012), it is likely to be optically thin over the whole
filament. During visual comparison of the 13CO and C18O spectra of all 604 ATLAS-
GAL clumps within the filaments (position and velocity) optically thick 13CO emission
is seen in 76 clumps, corresponding to 13%. However, these clumps do not show a
significant effect on the average spectrum over the whole skeleton. Hence, our method
is unlikely to separate velocity components because of self-absorption features. Addi-
tionally, we conclude that the contribution of the dense core emission is small when
compared to the emission integrated up over the whole filament.

In the next step we use the same method as for the average spectrum on every pixel,
hence spectrum, along the skeleton within the identified velocity ranges. In this way
we identify which part of the skeleton is detected in the different velocity components.
Velocity components in which less than ten positions of the skeleton are detected in
13CO are discarded, as these barely deviate from the noise, and we ensure a minimal
elongated shape for all correlated structures (aspect ratio of 3 assuming a width of one
beam). Additionally, we are able to detect multiple velocity components within the
previously identified velocity range towards individual pixels. In the case where several
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velocity components are found, we only keep the calculated moments for the one with
highest intensity. This is done for the 13CO and C18O data. The separation of these
subcomponents is limited by the smoothed velocity resolution. Also, we calculate the
zeroth, first, and second “order” moments of skeleton pixels in each detected velocity
component. With the first order measurements we potentially trace velocity gradients
along the spine, but this is beyond the scope of this paper. However, the second order
measurements, hence the velocity dispersion, of one pixel includes only the velocity
gradient within one beam, which can be considered to be small. Therefore, the average
over the skeleton pixels is a better estimate of the velocity dispersion of a filament
than the value derived from the average spectrum and used in the further analysis.
To check the results of these calculations we plot the derived moments on top of the
position-velocity diagram of the filament candidate skeleton (Fig. 5.4). Additionally,
we integrate over the velocity ranges of each velocity component; see Fig. 5.5.

Figure 5.4: Position-velocity plot of the intensity along the skeleton of the filament
candidate G333.297+00.073. The white stripes indicate the beginning/end of a skeleton
branch. The first five branches show the longest connection through the skeleton from
higher to lower galactic longitude and the last four are the branches to the side in the
same direction. The horizontal red lines mark the identified emission intervals shown
in Fig. 5.2 with intervals a, b, d, c from top to bottom. The jagged black and green
lines mark the per pixel measured peak velocity and the 1σ interval of the detected
emission peak.

5.3.3 Gas-dust correlation

We further estimate how much each velocity component contributes to the overall dust
emission from a given filament candidate. We smooth and re-grid the ATLASGAL
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Figure 5.5: Integrated 13CO(2 – 1) emission of the four velocity components of the
filament candidate G333.297+00.073. The intensity was integrated over the velocity
ranges −55.0 to −40.5 km s−1 (top left), −74.0 to −66.0 km s−1 (top right), −96.0 to
−86.0 km s−1 (bottom left) and −82.5 to −76 km s−1 (bottom right). The beamsize
is indicated by the circle in the lower left and the contours show the ATLASGAL [0.1,
0.2, 0.5, 1.0, 2.0 ] Jy/beam levels. The letters in the upper right refer to the marked
intervals in Fig. 5.2.

maps, which were used for the candidate identification, to the resolution (30.1′′) and
pixel-grid (9.5′′) of the SEDIGISM cubes. For comparison with the 13CO integrated
emission we restrict the maps (ATLASGAL and integrated 13CO intensities per ve-
locity component) to an area within a dilation box around the skeleton with a width
of 3 beams (9 pixels), which covers the emission seen in ATLASGAL. We scale the
ATLASGAL intensities with the minimum and maximum value to an interval of [0–1],
using

Idusts =
Idust −min(Idust)

max(Idust)−min(Idust)
(5.2)

where Idusts are the scaled ATLASGAL intensities, and Idust the original ones, and min()

and max() describe the minimal and maximal value of the pixel intensities within the
dilation box. As the ATLASGAL emission traces only the small scale high density gas,
the minimun value is typically around 0 Jy/beam. For the 13CO data we define the
intensity integrated over the velocity range of component i as Igas(vi) =

∫
vi
Tmb(v) dv,

where Tmb(v) is the main beam temperature, and vi is the velocity interval of one
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component as defined before. Also, for the correlation we do not apply any threshold.
We use for the scaling the maximum and minimum value within the dilation box of the
sum over the integrated intensity maps of all velocity components,

Igass (vi) =
Igas(vi)−min(

∑
i I

gas(vi))

max(
∑

i I
gas(vi))−min(

∑
i I

gas(vi))
(5.3)

where Igass (vi) are the scaled 13CO intensities of the velocity component i, and Igas(vi)
are the original ones. Assuming a constant gas-to-dust ratio, the ATLASGAL maps
should correlate with the molecular line emission integrated over all velocity compo-
nents. We perform pixel-to-pixel correlation between the scaled ATLASGAL maps and
the scaled integrated 13CO maps of one velocity component using the same dilation
box mask. Therefore, in cases of multiple components per candidate we will not find
a one-to-one correlation, but we identify which velocity component shows the filamen-
tary behaviour seen in dust emission. Additionally, noise in the observations and effects
like CO depletion will affect the correlation plot. See Fig. 5.6 and appendix B.2 for
examples.

Figure 5.6: Gas-dust correlation plot of the brightest velocity component (“a” in the
spectrum shown in Fig. 5.2) of the filament candidate G333.297+00.073. The blue line
gives the one-to-one correlation. The green area indicates values above the σgas limit
(pgas = 0.51). The red line shows the fitting result, and the area within the dashed red
lines marks the ±σcor surrounding (pcor = 0.80). pcor, gas = 0.70 is estimated from the
overlap of these areas.

We analyze these correlation diagrams as follows. We calculate the standard devi-
ation of the total (scaled) integrated intensities, σgas = σ(

∑
i I

gas
s (vi)), presenting an
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upper limit of the noise in the gas emission, and the standard deviation of the cor-
relation, σcor = σ(Idusts −

∑
i I

gas
s (vi)). To estimate the intensity contribution of one

velocity component, we perform a linear fit with a slope of 1 on the data points with
Igass (vi) ≥ σgas. We then derive the percentage of data points, which are above the σgas
noise , pgas, which are within ±σcor from the linear fit (red in Fig. 5.6), pcor, and which
meet both conditions, pcor, gas. We then use these three parameters to characterize the
different velocity components with the limiting values shown in Table 5.1.

Table 5.1: Limiting characterization parameters pgas, pcor, and pcor, gas as described in
Section 5.3.3. These parameters describe the population of three different areas in the
correlation plots, see Fig. 5.6 and appendix B.2.

Status pgas pcor pcor, gas
fully correlated ≥ 0.4 ≥ 0.4

partially correlated ≥ 0.05 ≥ 0.4

diffuse correlated < 0.05 ≥ 0.4

uncorrelated (1) ≥ 0.05 < 0.4

uncorrelated (2) < 0.05 < 0.4

The limiting values for the characterization were obtained from the manual analysis
of a test sample of filament candidates. This introduces a slight bias to the general
analysis. The uncertainty of the characterization is difficult to determine, as the fil-
ament definition given by Li et al. (2016) can not be applied in a systematic way.
Therefore, to get an objective, reproducible result, we decided to use this quantitative
characterization over a visual approach as used by Li et al. (2016). A later visual in-
spection and different characterization will be possible, as all velocity components of
all filament candidates, which are not uncorrelated, are handled in the same way in the
subsequent analysis. Therefore, the characterization bias alters only the statistics of the
characterization itself. However, the reliability of a filamentary shape decreases from
fully correlated over partially correlated to diffuse structures, where partially correlated
structures might not be continuous in position-position space, and diffuse structures
might not show clearly enhanced emission from the surrounding. For simplicity we
will still refer to all correlated structures as filaments. In total, we identified 422 fila-
ments within the 283 filament candidates. More statistics of the characterization will
be presented in Section 5.4.1 and 5.4.6.

5.3.4 Thermal and non-thermal motions

The unresolved kinematic motions in a molecular cloud can be estimated by the ob-
served linewidth. The total velocity dispersion can be separated into a thermal and
a non-thermal component. The thermal motions depend on the observed molecule
and gas temperature. For the molecular gas temperature we assume a typical value
of T = 15 K (Pillai et al., 2006; Wang et al., 2012, 2014), which is also in agreement
with measured temperatures of ATLASGAL clumps (Urquhart et al., 2018). The non-
thermal motions describe statistical motions of the gas, which are independent of the
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kinetic temperature of the the gas. The non-thermal velocity dispersion, σnt, is given
by

σ2
nt = σ2

x −
kBT

mpmx
(5.4)

where σx is the measured second moment of 13CO or C18O, kB the Boltzmann constant,
mp is the proton mass, and mx is the molecular weight of the observed gas, here
m13CO = 29 and mC18O = 30. To derive the non-thermal velocity dispersion of the
filament, σnt, we average the measurements of each pixel along the skeleton, where we
choose C18O if it is detected and 13CO otherwise. Therefore, this value is independent
of velocity gradients along the skeleton, neglecting gradient effects within the beam,
and it is less likely to be influenced by optical depth effects.

The thermal motion of the interstellar medium is given by the sound speed,

cs =
kBT

mpµ
(5.5)

where µ = 2.8 is the mean molecular weight of the mean free particle (Kauffmann
et al., 2008), and other parameters as previously defined. The total velocity dispersion
of a filament is given by σv =

√
c2
s + σ2

nt.

5.3.5 Mass and length of filaments

To calculate physical parameters of the 422 filaments it is crucial to estimate the dis-
tance towards them. However, estimating distances towards extended and diffuse struc-
tures, like these filaments, is difficult. Especially, solving the ambiguity of kinematic
distances. Therefore, we use a method similar to that discussed by Li et al. (2016), but
including additional measurements.

As a first step we identify all ATLASGAL clumps (Contreras et al., 2013; Urquhart
et al., 2014) associated with the filaments. The distances towards these clumps have
been estimated in Urquhart et al. (2018). As these estimates are based on kinematic
distances, we must exclude the Galactic center region (|`| < 5◦), because of the large
uncertainties. For filaments with an associated clump within the defined limits of the
filament in position-position-velocity space) we simply assume the same distance. This
provides distances for 222 filaments. In a second step we use friends-to-friends analysis
to find adjacent clumps and adopt their distances for the filaments. This adds distances
for another 114 filaments, but note the larger uncertainty for the distance estimate. For
the friends-of-friends analysis we allow sources with a spatial offset of at most 10′ (with
90% closer than 5′) and a kinematic offset of at most 10 km s−1 (with 90% closer
than 4 km s−1). In total, we are able to assign a distance to 336 out of 422 filaments,
including diffuse, partially correlated, and fully correlated ones. Additionally, we tested
these estimates to be in agreement with (one of) the kinematic distances.

After we obtained the distances towards the filaments we can calculate their physical
length. Here we take all pixels along the skeleton into account, towards which 13CO
was detected for the single filament. This allows us to get accurate measurements of
the angular length for complex structures or partially correlated structures, including
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the detected branches, by adding up the length over each relevant pixel. However,
because of a possible inclination of the structures, the derived physical measurements
represent lower limits to their true length.

For calculating the area and the mass of the filaments we again use a dilation
box. With the distances in hand we are able to use a physical box-diameter. Here
we take the box-diameter as a free parameter and in Section 5.5.1 we discuss the
dependency between the filament mass and box-diameter. For calculating the filament
mass we assume its diameter to be on the order of the star-forming size scale. For a
first order approximation of the star-forming size scale we use the previously measured
velocity dispersion within a filament, σv, and assume a star formation time of Tsf =

2 Myr (Evans II et al., 2009). The size scale is then given by ssf = σv · Tsf. As box-
diameters are limited to discrete multiples of pixels, we interpolate linearly the values
from measurements of the next bigger and smaller box size.

We estimate the area covered by the filament, by summing over all pixels within the
dilation box of the integrated intensity maps, within which we detect 13CO emission
(S/N > 5). The same positions are used to estimate the filament mass. Here we follow
two different approaches: First we use the integrated 13CO emission,W (13CO), in com-
bination with the 13CO X-factor, X13CO(2−1) = 1+1

−0.5× 1021cm−2(K km s−1)−1 derived
by Schuller et al. (2017). This has the advantage of tracing only the emission within
the specific velocity component. The molecular hydrogen column density, Ni(H2), in
pixel i was then calculated by Ni(H2) = Wi(

13CO)X13CO(2−1). We then computed the
mass using the equation

M(H2) =
∑
i

Ni(H2)Aiµmp (5.6)

where Ni(H2) is the H2 column density computed for pixel i, Ai its area, µ = 2.8 the
mean molecular weight per H2 molecule, and mp the proton mass.

Second, we estimate the mass from dust emission maps of different surveys (AT-
LASGAL, ATLASGAL+PLANCK) using basic assumptions like a gas-dust ratio of
R = 100, and a dust temperature of TD = 15 K (Urquhart et al., 2018). The mass of
the filament candidate is then computed through the equation

Mν(H2) =
Sν d

2R

Bν(TD)κν
(5.7)

where Sν is the integrated flux density at the frequency ν of the used survey, d is
the distance towards the structure, Bν(TD) is the Planck function at the given dust
temperature, and κν is the dust absorption coefficient, which is κ870µm = 1.85 cm2 g−1

for the ATLASGAL emission (Schuller et al., 2009; Ossenkopf & Henning, 1994).
However, because of the contribution of the PLANCK data, the ATLAS-

GAL+PLANCK survey traces not only the filament and the low column density gas
around the filament, but also the diffuse Galactic dust emission, which ideally should
be removed. To do so, we exclude the filament area of the maps using the inverse of
the filament dilation box used previously. The remaining pixels should be dominated
by non-filament emission. However, as the box has a width of three beams, we find
a few cases in the most nearby (< 2kpc) filaments where the emission extends clearly
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beyond the mask. Therefore, we use the 20th percentile value of the non filament
pixels as estimate of the diffuse Galactic dust emission. We then correct the AT-
LASGAL+PLANCK maps for the diffuse emission and estimate the masses as shown
previously. In Section 5.4.7 we discuss the differences of the these three mass estimates
based on dust continuum emission and compare them to the 13CO emission estimate.

5.4 Results

5.4.1 Final catalog

Using the methods described in the previous section we derived a large set of filament
parameters. With these parameters we created a catalog of velocity coherent structures.
The derived parameters of the catalog are shown in Table 5.2, and the complete catalog
is shown in Tables B.1 and B.2. However, as several parameters are distance dependent,
they cannot be calculated for the whole filament catalog. The following description of
the derived parameters includes only the structures with a distance estimate. The
catalog contains all 422 filaments of the 283 observed filament candidates, which show
some correlation with the dust emission. In Table 5.3 we show the statistics of the
characterization and the subsample for which we have distance estimates. The names
of the structures are based on the initial filament candidate name from Li et al. (2016)
and are extended by an integer starting from 0, indicating the velocity component.

5.4.2 Detection of filaments in 13CO and C18O

Out of the 283 ATLASGAL filament candidates within the SEDIGISM survey we
detect correlated 13CO emission for 260 filament candidates, which then show 422 ve-
locity coherent (continuous kinematic structure, which cannot be resolved into separate
components) filaments. We do not find a correlated 13CO velocity component for 23

filament candidates, which is partially because of the sensitivity of the SEDIGISM sur-
vey, and partially because the candidates result from line-of-sight alignments of diffuse
gas clouds. About 20% of the detected filaments show 13CO emission at every position
of the skeleton and for about 60% we detected 13CO emission over at least half of the
length of the skeleton. About 32% of the 13CO detected filaments show no detection of
C18O on the skeleton, about 13% have C18O detected over at least half of the skeleton,
and for no filament C18O is detected over its entire length; see Fig. 5.7.

This difference in the detection rate is very likely due to the different abundances
of the molecules (13CO/C18O = 8.3; Miettinen, 2012). The C18O line is expected to
be weaker, resulting in a lower signal-to-noise ratio and the observed lower detection
rate.

5.4.3 Galactic distribution

Using the distance estimates we can derive the Galactocentric coordinates and plot
the positions onto a face-on artist’s impression of the Milky Way (Fig. 5.8). We find
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Table 5.2: Descriptions of the derived parameters. The complete catalog is shown in
Tables B.1 (top) and B.2 (bottom).

Parameter Unit Description
Table of measured parameters

Filament ID
` ◦ Galactic longitude of the center of the filament
b ◦ Galactic latitude of the center of the filament

Status correlation with the ATLASGAL emission
Nc number of detected velocity components in the original filament candidate

vlsr(
13CO ) km s−1 peak velocity derived from the 13CO average spectrum

vlsr(C18O ) km s−1 peak velocity from the C18O average spectrum
σ(v13CO ) km s−1 dispersion of the 13CO peak velocities along the skeleton
σ(vC18O ) km s−1 dispersion of the C18O peak velocities along the skeleton

σv km s−1 average total velocity dispersion along the skeleton (derived from 13CO and C18O )
σv(13CO ) km s−1 average 13CO velocity dispersion along the skeleton
σv(C18O ) km s−1 average C18O velocity dispersion along the skeleton
σv,t(

13CO ) km s−1 13CO velocity dispersion derived from the average spectrum
σv,t(C18O ) km s−1 C18O velocity dispersion derived from the average spectrum

Table of derived parameters
Filament ID

d kpc distance from the Sun
l ◦ angular length of the detected skeleton
l(d) pc physical length of the detected skeleton

M(ATG) M� filament mass derived from ATLASGAL emission
M(ATG+P) M� filament mass derived from ATLASGAL+PLANCK emission
M(dust) M� filament mass derived from corrected ATLASGAL+PLANCK emission
M(13CO) M� filament mass derived from integrated 13CO emission
mcrit,nt M� pc−1 critical, non-thermal line-mass
mobs M� pc−1 observed line-mass

det. 13CO fraction of the skeleton detected in 13CO
det. C18O fraction of the skeleton detected in C18O
edge flag skeleton truncated because of the edge of SEDIGISM
d flag indicating the method for the distance estimate: 0 no distance; 1 inside ATLASGAL source;

2 nearby ATLASGAL source

that a large fraction of the filaments are likely to be associated with the near Scutum-
Centaurus arm. We also find some filaments located in the near Sagittarius arm, the
near and far 3-kpc arm, and the near Norma arm, but also in some inter-arm regions.
We note that we do not have distance estimates for the Galactic center region (|`| ≤ 5◦).

Histograms representing positions of the detected filaments with Galactic longi-
tude and latitude are shown in Figs: 5.9 and 5.9, respectively. The distribution with
Galactic longitude shows a peak around l = −21◦ with a strong decrease towards the
outer Galaxy (only 14 structures for l < −45◦), and a decrease towards the Galactic
center. As the filament candidates were identified in the ATLASGAL maps that trace
only high column density dust emission, it is more unlikely to find filaments towards
the outer Galaxy, which contains fewer dense molecular cloud regions. However, the
number of filaments is also suppressed in the direction of the Galactic center, where
identification is difficult because many structures along the line-of-sight are confused,
and were categorized as networks, complexes or unclassified, such as the Galactic center
region (Li et al., 2016). Nevertheless, comparing the distribution of filaments to the
distribution of ATLASGAL clumps presented by (Beuther et al., 2012, Fig. 3) and
(Csengeri et al., 2014, Fig. 16) shows similarities for the location of peaks, indicating
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Table 5.3: Number of sources (with distance estimate) separated in different groups.

Groups total with dist.
filament candidates (Li et al., 2016) 517

in SEDIGISM area 283

≥ 1 correlated velocity component 260

total velocity components 812 336

uncorrelated components 390

filaments 422 336

fully correlated filaments 180 151

partially correlated filaments 191 148

diffuse component filaments 51 37

Figure 5.7: Cumulative histogram of the percentage of filament candidate skeletons
detected in 13CO (blue) and C18O (green).

a possible correlation with active star-forming regions.
The distribution of the detected filaments with Galactic latitude (Fig. 5.9) shows

a broad, almost flat behaviour similar to the findings of Li et al. (2016). However, we
find the peak and mean (〈b〉 = +0.02◦) of the distribution aligned with the Galactic
mid-plane, which is in contrast to the general finding of more sources for b < 0.0◦ than
for b > 0.0◦ (Beuther et al., 2012; Li et al., 2016). We note that our sample is not
identical with that of Li et al. (2016), as we use only a sub-sample of their filament
candidates and split some of these candidates in different velocity components, hence
filaments.

5.4.4 Distributions of velocity dispersion, mass, length and distance

In the following, we give a short overview on the most interesting measured properties
of the filaments, which are the non-thermal velocity dispersion along the skeleton, the
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Figure 5.8: Filaments with distance estimated plotted onto an artist’s impression of
the Milky Way (Robert Hurt), the size is indicating the length of the filament, and
the color indicates the 13CO velocity. The yellow lines mark the range |`| ≤ 5◦, where
distances are uncertain and the blue lines mark the SEDIGISM survey limits.

mass derived from the 13CO emission, and the length of the filament, which we define
as the sum over the detected parts of the skeleton.

For the calculation of the total velocity dispersion we assumed an isothermal
medium of 15 K, see Section 5.3.4. The distribution of the resulting values is shown
in Fig. 5.10. We find values reaching from about 0.5 km s−1 to 2.5 km s−1 with a rela-
tively flat center between 0.8 km s−1 and 1.4 km s−1, and a mean of about 1.17 km s−1.
Concentrating on the 180 fully correlated, hence, the most reliable filaments, we find a
similar distribution with the mean at about 1.20 km s−1. In general, these values are
higher than what Arzoumanian et al. (2013) find in nearby filaments (σv ≈ 0.3 km s−1),
but in agreement with studies of similar (more distant and more massive) objects like
the DR21 filament (Schneider et al., 2010).

For the logarithmic distribution of the calculated masses, Fig. 5.10, we find a flat
part between 1800 M� and 18000 M� with a mean mass of 8600 M�. Again the
distribution of the fully correlated filaments (151 with distance estimate) is similar to
the complete distribution with a mean of 11000 M�. For comparison we also show the
mass ranges covered by other filament catalogs (Ragan et al., 2014; Wang et al., 2015;
Zucker et al., 2015; Abreu-Vicente et al., 2016; Wang et al., 2016) and the study of
Contreras et al. (2013). These studies report filaments with similar or higher masses.
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Figure 5.9: Distribution of the filament positions in Galactic Longitude (left) and
Galactic Latitude (right). The orange hatch marks the filaments with distance esti-
mate.

However, several of these studies have tried to identify the largest structures in the
Galaxy and therefore, are biased to larger structures. As a result, some filaments
mentioned in this study are only parts of structures in the other catalogs. Also, we find
filaments that are almost identical in several catalogs, like G11.046-00.069_2 (Snake)
or G332.370-00.080_1.

We also find overlap between the catalogs for the lengths of the filaments (Fig.
5.10), where the shortest filaments of the other studies are as long as the mean of our
sample (10.3 pc all, 11.1 pc fully correlated). In general, we cover the range from 2 pc

to 100 pc with a peak around 8 pc.
Most filaments are found within 5 kpc from the Sun (Fig. 5.10), which is also the

area where the other surveys found the long filaments. This area includes parts of the
nearby Sagitarius and Scutum-Centaurus spiral arms. Another peak in the distance
distribution is found at around 10 kpc, which is about the distance of the connection
point of the Galactic bar with the Perseus spiral arm (see also Fig. 5.8).

Plotting the filament lengths against the estimated distances separated by the cat-
egories (Fig. 5.11), we find that especially the fully correlated filaments follow the
distance distribution, while the others are more equally distributed. Also, we find no
correlation between the longest filaments and the distance. This results in a larger
scatter of lengths for a given distance. The shortest filaments reproduce our minimal
length criteria of at least 10 pixels.

5.4.5 13CO – C18O velocity comparison

As mentioned before, C18O is less abundant than 13CO and traces mainly the bright,
dense parts of the filaments, where 13CO is likely to be optically thick. However, to
combine the kinematics of the two lines we need to be sure that both trace the same gas.
Therefore, Fig. 5.12 shows the distribution of the absolute difference between the 13CO
and C18O peak velocities of each filament derived from the average spectrum along the
full skeleton, which is supposed to be zero if both istotopologues trace the same gas.
The logarithmic distribution shows a plateau between 0.17 km s−1 and 1.0 km s−1 and
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Figure 5.10: Distribution of the measured total velocity dispersion (top left), mass
(top right), length (bottom left), and distance (bottom right) of all filaments
(blue). The fully correlated filaments are marked by the orange-colored hatched area.
The vertical lines indicate the mean value for the complete (black) and the sub-sample
(orange). The horizontal lines mark the ranges measured by the studies mentioned
above the lines.

decreases steeply to both sides. Additionally, we find the largest difference in filaments
with a signal-to-noise of the C18O average spectra of S/N < 5. In general, low S/N
filaments peak at higher velocity differences (red).

We compare the observed distribution to a model distribution given by the mean
velocity dispersion along the filament σv = 1.17 km s−1 (see Section 5.4.4 and Fig.
5.10). Given the wide distribution of velocity dispersions this model gives only a
first order impression of the expected distribution. We model the absolute difference
between two velocities drawn from two Gaussian distributions. The dispersion of the
differences is then given by σδv =

√
σ2

v + σ2
v =

√
2σv. We generate an artificial

difference distributions, using 10, 000 draws to avoid statistical noise, bin the absolute
values of the sample like the observed differences, and scale the height by 0.0373 to
get a comparable total number of filaments as our sample. The resulting distribution
(orange hatched in Fig. 5.12) does not agree with the observed one, as it is shifted to
larger differences.

To further investigate this trend, we reduced the dispersion of the underlying ve-
locity distribution until we found a distribution that matched the differences (black
hatched) area. Its velocity dispersion is σv(model) = 0.35 km s−1, which is about

√
2

times the channel width (0.25 km s−1). We speculate therefore, that this distribution
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Figure 5.11: Filament length plotted against the estimated distance. The three fila-
ment categories are indicated by blue, green, and red for diffuse component, partially
correlated, and fully correlated, respectively. The black line shows the criteria of a
minimum length of 10 pixels.

is likely to arise from the sampling of the spectra.
However, we also see some filaments that show a larger difference between the

13CO and C18O peak velocities than can be expected by the channel-width introduced
sampling issues. For these filaments we speculate that they show a gradient along
the skeleton and are only partially detected in C18O. To investigate this, we plot the
velocity difference against the 13CO velocity dispersion of the average spectrum (Fig.
5.12), as gradients along the skeleton result in a higher velocity dispersion. Additionally,
filaments for which less than 10 % of the skeletons are detected in C18O are marked
in red. We find that almost all filaments fall below the one-to-one line and that all
velocity differences are smaller than 2σv(13CO). We also see that 31 out of 43 filaments
with a velocity difference larger than 1 km s−1 show low C18O detection rates.

In summary we rule out systematic differences between the kinematic of the iso-
topologues. The observed differences are based on observational limitations, like the
velocity resolution and sensitivity.

5.4.6 Multiplicity in velocity space

Filamentary structures are often identified in continuum emission maps. But it is
unknown whether these structures are actual continuous filaments or only an effect of
line-of-sight projection of multiple velocity components. We address this question with
our data.

The 260 detected filament candidates split up in 422 velocity coherent filaments in
total. Kinematic subcomponents are identified in single spectra for 14 of the filaments,
but will not be discussed any further as more detailed studies will be needed. Analysis
of the velocity components shows that about 58% of the filament candidates exhibit
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Figure 5.12: Left: Histogram of the absolute velocity difference. Sources with S/N < 5

are shown in red. On top the model difference distributions given by a underlying
Gaussian velocity distribution with a dispersion of 1.17 km s−1 (orange) and 0.35 km s−1

(black) are shown. The green dashed line indicates the velocity channel size of the data.
Right: Plot of the absolute velocity difference against the velocity dispersion of the
filament, where filaments with a C18O detection rate below 10% are indicated in red.
The blue lines show the one-to-one (1σ, solid) and two-to-one (2σ, dashed) relations.

one velocity component. Another significant fraction of the filaments, 27% and 12%,
have 2 or 3 components, respectively. 6 filaments have 4 or more velocity components
with a maximum of 7 components, seen in only one filament (Fig. 5.13).

The categorization of the velocity components shows that a filament candidate
can have several velocity components even in the case of one component being fully
correlated. This is shown in Fig. 5.13. However, a filament candidate with a sin-
gle component does not necessarily have a fully correlated structure. In general, we
find that filament candidates with fewer velocity components are more likely to have
a fully correlated component, and candidates with an increasing number of velocity
components are more likely to have partially correlated and diffuse components.

Figure 5.13: Left: Histogram of the number of velocity components per filament can-
didate. Right: Histogram of the number of velocity components for fully correlated
(blue), partially correlated (green), and diffuse (red) structures.

Many structures are identified on continuum data that does not provide informa-
tion about the velocity coherence. Therefore, we test whether there a correlation exists
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between the intensities of 2D-data and the number of velocity components. With the
known multiplicity of the filament candidates, we are able to show that filament can-
didates with several velocity components tend to be brighter (see Fig. 5.14). We do
so as follows: we derive the mean and maximum intensity of the ATLASGAL dust
emission and the 13CO emission integrated over all velocity components. Because the
statistical scatter of the intensity values shows a non-Gaussian distribution, we take
the median and the 90th percentile value of the intensity distributions of each filament
category (i.e. separated according to the number of components) as a qualitative mea-
sure. We also estimate the uncertainty of the median using a bootstrapping method.
However, only the sample sizes of the filament categories with 1, 2, and 3 components
are sufficient to use the bootstrapping method. In this method we draw new, random
samples of intensities from among the observed values. We then calculate the median
of these new, simulated samples. The resulting distribution of the median values then
estimates the sampling function of the observed median and is used to estimate the
uncertainty using the standard deviation. We find, that the medians of the 13CO peak
intensities increase outside their uncertainties as the number of velocity components
increases. The same increase is also seen for the 90th percentile values (Fig. 5.14).
Our data suggests a similar increase for the ATLASGAL peak intensities, but a flat
behaviour is also consistent with the data. We could not find such a behaviour for the
mean intensities of the filaments (not shown in figures).

Figure 5.14: The peak integrated 13CO intensity (left) and the peak ATLASGAL dust
intensity (right) of a filament are plotted against the number of velocity components.
The blue circles mark the median, and the red crosses mark the 90th percentile for each
number of components. The error-bars show the uncertainty of the median derived by
bootstrapping.

For filament candidates with multiple components we investigate whether two phys-
ically separate filaments can be located within the same spiral arm. Therefore, we
show in Fig. 5.15 a histogram of the absolute peak-to-peak velocity difference (blue).
The bins up to δv = 10 km s−1 are likely to be incomplete because of the compo-
nent separation limit, as shown before (Fig. 5.3, Eq. 5.1). We compare the dis-
tribution of the observed velocity differences with model distributions (hatched) of
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expected velocity difference from a spiral arm. We assume velocity dispersions of
σv1(arm) = 5 km s−1 and σv2(arm) = 10 km s−1 following Reid et al. (2016) and
Caldu-Primo et al. (2013). As we measure the absolute difference between two veloc-
ities drawn from a Gaussian distribution, the dispersion of the differences is given by
σδv =

√
σv(arm)2 + σv(arm)2 =

√
2σv(arm). We sample the difference distributions

with 10, 000 draws to avoid statistical noise, bin the absolute values of the sample like
the observed differences, and scale by 0.016 to get a comparable total number of fila-
ments. We find, that the observed and the model distribution of σv2(arm) are similar
for δv ≤ 30 km s−1, but we see more observed filaments for larger velocity separations.
The model distribution for σv1(arm) does not describe the observed one. Therefore,
we can conclude that a large fraction of separated filaments might be located in the
same spiral arm with a velocity dispersion of σv2(arm), but we also see filaments from
different Galactic structures along the line-of-sight. However, because of the kinematic
distance ambiguity filaments located in different spiral arms can have similar line-of-
sight velocities at specific Galactic Longitudes.

Figure 5.15: Histogram of the absolute difference in velocity between the neighboring
velocity components of a filament. The upper right panel shows the complete distri-
bution, while the main panel shows only the lower velocity separations. The black and
orange hatched distributions indicate the models for spiral arm velocity dispersions of
5 km s−1 and 10 km s−1. The dashed red line indicates the average velocity separation
limit of 3.5 km s−1 (see Eq. 5.1 and mean velocity dispersion of 1.17 km s−1)
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5.4.7 Comparison of masses derived from gas and dust

Calculating the masses of the filaments is an important part of the analysis. However,
it comes with some difficulties. Commonly, dust emission or dust extinction is used to
calculate the mass of objects. However, because of the line-of-sight projection several
filaments that may appear at the same position, and cannot be separated in the con-
tinuum data, this is not applicable here. Therefore, we need to use the CO emission
to disentangle the projected emission from different structures in velocity space. For
the mass estimate we then use the emission integrated over the velocity range of the
filament. Specifically, we use the 13CO emission as it has a higher signal-to-noise and
traces the lower column density gas around the skeleton, and calculate the mass like
described in Section 5.3.5.

We first have to test whether this X-factor is a good approximation for the whole
survey area. To do so we take a sample of filaments, which show only one velocity
component and are fully correlated with the ATLASGAL dust emission. We calculate
the masses for this sample using the integrated 13CO emission with Equation 5.6 and
using the ATLASGAL and ATLASGAL+PLANCK dust emission with Equation 5.7.
For all three data-sets we use the same mask around the skeleton. The comparison of
the resulting masses is shown in Fig. 5.16.

Figure 5.16: Mass per fully correlated filament derived from dust versus the mass
derived from integrated 13CO using an X13CO(2−1) factor from Schuller et al. (2017).
The black line indicates the one-to-one ratio.
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We find that masses derived from 13CO are systematically larger than the masses
derived from ATLASGAL, but systematically smaller than the masses derived from
ATLASGAL+PLANCK. This behaviour is expected as the ATLASGAL maps are sen-
sitive to the small scale (2.5′), high column density dust structures and extended emis-
sion from the diffuse surrounding gas is filtered out because of the observing technique
(see Schuller et al. (2009)). Therefore, Csengeri et al. (2016) combined the ATLAS-
GAL data with the PLANCK data, which traces the diffuse, large scale structures, but
does not resolve the small scales because of the low resolution (4.8′). However, the
combined data also traces the dust emission along the line-of-sight, i.e foreground and
background. Thus, masses derived from ATLASGAL are likely to be underestimated
while masses derived from ATLASGAL+PLANCK are likely to be overestimated.

As shown in Section 5.3.5, we corrected the ATLASGAL+PLANCK data for the
line-of-sight emission towards every filament and used this data to derive another mass
estimate. On average we find a mean Galactic emission of 0.52 Jy/beam (beam size
of 21′′). These corrected dust masses are in agreement with the 13CO derived masses
within a factor of 2. Therefore we conclude that the 13CO X-factor derived from the
SEDIGISM science demonstration field (Schuller et al., 2017) is a good approximation
for the whole survey area.

5.5 Discussion

5.5.1 Radial filament profiles

Nearby (< 500 pc), low line-mass (< 100 M� pc−1) filaments have been found to have
an FWHM size on the order of 0.1 pc (Arzoumanian et al., 2011). The corrected
ATLASGAL+PLANCK and 13CO data trace the wide range of column densities that
is needed to study the filament profile. To ensure that we are looking only at true
filaments we restrict our sample to the 151 fully correlated filaments with a distance
estimate, but for completeness we show the results of the other filaments in Appendix
B.3. However, measuring the filament profile is challenging as most filaments are not
homogeneous, linear structures, but show branches and varying central densities.

Therefore, we do not extract the radial column density distribution directly from
the data, but estimate the mass of the filaments within filament masks with increasing
diameter, sbox, using the same equations and assumptions as in Section 5.3.5. The
mass, M(R), is then given by

M(R) = 2l

∫ R

0
Σ(r) dr (5.8)

where l is the length of the filament, Σ(r) is the column density of the gas at distance
r from the skeleton (to both sides, with the skeleton at r = 0 pc), and R = 0.5 sbox
the maximum radius. We normalize the values with the mass from a box-diameter
of smax = 4 pc, where the typically found radial profile is almost flat (Arzoumanian
et al., 2011). The smallest box-diameter is given by the pixel size. The resulting mass
curves of the 13CO emission are shown in Fig. 5.17, and of the continuum emission
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and less correlated filaments in Appendix B.3. As the physical resolution is changing
with the distance towards the source, we group the filaments in four distance intervals
di (d1 < 2 kpc < d2 < 4 kpc < d3 < 8 kpc < d4) and average the mass curves within
these intervals (see Fig. 5.19).

Figure 5.17: Fraction of the filament mass derived from 13CO emission dependent on
the box-diameter of the mask separated by distances. Top left: d < 2 kpc, Top right:
2 kpc < d < 4 kpc, Bottom left: 4 kpc < d < 8 kpc, Bottom right: d > 8 kpc.
One curve describes one fully correlated filament at its distance estimate. The gray
lines indicate the physical beamsize at distances of 2 kpc, 3 kpc, 6 kpc, and 8 kpc. The
black lines show the integrated theoretical radial profiles, which describe a Plummer-
like distribution p = 1.5 (dashed) or p = 2.0 (dash-dotted), and a Gaussian distribution
with a dispersion of w = 1.0 (dotted).

The profiles of filamentary structures are found to be well described by a Plummer-
like density distribution (Nutter et al., 2008; Arzoumanian et al., 2011; Contreras et al.,
2013), which is given by

ρ(r) = ρc

(
1 +

(
r

Rflat

)2
)−p/2

(5.9)

where ρc is the central density of the filament, and Rflat the characteristic radius of the
flat inner part. The column density profile of the filament (Arzoumanian et al., 2011;
Panopoulou et al., 2014) then is described by

Σp(r) = Ap
ρcRflat

[1 + (r/Rflat)2]
p−1
2

(5.10)
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where Σ = N(H2)µmp, µ and mp as previously defined, and Ap = (cos i)−1
∫∞
−∞(1 +

u2)−p/2du, a finite constant for p > 1. Other studies (e.g., Arzoumanian et al., 2011)
have shown that the inner part of the radial profile of a filament can also be well
described by a Gaussian column density distribution. These two models are shown in
Fig. 5.18, where they are normalized to an integrated intensity of 1.

Figure 5.18: Theoretical filament profiles normalized to an integrated intensity of 1,
which describe a Plummer-like function with Rflat = 0.1 pc and p = 1.5 (dashed) or
p = 2.0 (dash-dotted), and a Gaussian with a dispersion of w = 1.0 pc (dotted). The
radial integration of these profiles is shown in Figs. 5.17 and 5.19.

The mass within a box around the theoretical filament is then given by Eq. 5.8. We
plot the measured mass curves as well as the theoretical ones as M(R)/M(2 pc) and
test different values for the exponent, p, and the inner radius, Rflat, of the Plummer-like
distribution and for the dispersion, w, of the Gaussian (see Fig. 5.19).

A detailed analysis of the density structure of filaments is beyond the scope of this
paper. Still, we perform a rough visual comparison between the observed radial column
density profiles and modeled ones. We find that the Plummer-like distribution is in
agreement with the average profile of the 13CO and dust observations for p ≈ 1.5± 0.5

and Rflat ≈ 0.1 pc. Also the Gaussian column density distribution with a dispersion of
w = 1 pc describes the observation within the uncertainties. However, the two fitting
models lead to different FWHMs for the filaments. While for a Plummer-like function
the FWHMP = (22/(p−1) − 1)1/2Rflat (FWHM2.0 ≈ 0.17 pc, FWHM1.5 ≈ 0.39 pc

(Heitsch, 2013a), for the Gaussian FWHMG =
√

8 ln 2w ≈ 2.36 pc.
One possible interpretation is that the Gaussian traces only the low column density

surrounding of the filament, but not the dense inner part, hence the actual filament.
From previous studies (see Arzoumanian et al., 2011; Panopoulou et al., 2014) and the
Plummer-like function we see measurements of the FWHM between 0.1 pc and 0.6 pc.
The physical beam size of the SEDIGISM data at a distance of 2 kpc is about 0.3 pc

and therefore, we are at the resolution limit for the dense filament spine, but note that
the mass curves (integral over the radial profile) have a dependency on Rflat in the
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Plummer-like case. However, we find that small changes of Rflat do not significantly
change the agreement with the observation. Therefore, we conclude that the mass of
the filament is dominated by the low column density gas surrounding the spine, and
that the resolution of the SEDIGISM data is not sufficient to meaningfully fit the inner
spine with a Gaussian radial profile.

The exponent of the average density profile is p ≈ 1.5, which is in agreement with
the lower limit found by Arzoumanian et al. (2011). The single profiles scatter between
p ≈ 1.0 and p ≈ 2.0, with the scatter decreasing with more distant filaments most
likely because of the smaller sample. Also, we tested the effect of the beam size to
the theoretical radial profiles by convolving the profile with a Gaussian beam. The
resulting theoretical mass curves are shallower with increasing distance, but not signifi-
cantly, given the scatter of the single observed mass curves. The study of Arzoumanian
et al. (2011) analyzes prominent filaments in nearby molecular clouds using dust contin-
uum emission. This selection of prominent filaments might give a bias towards higher
exponents. Theoretically, an isolated, isothermal, cylindrical filament in hydrostatic
equilibrium would be expected to have an exponent of p = 4 (Ostriker, 1964). How-
ever, this exponent is typically not found in observations and models (Juvela et al.,
2012; Kainulainen et al., 2015). Low resolution and signal-to-noise data explain only
partially the observed exponents. Therefore, observations suggest that filaments are
embedded in a surrounding molecular cloud (Fischera & Martin, 2012), not isothermal
(Recchi et al., 2013) and/or not in hydrostatic equilibrium (Heitsch, 2013a,b).

Figure 5.19: Average fraction of the filament mass derived from 13CO emission depen-
dent on the box-diameter of the mask. The color indicates the distance of the filament
with d1 orange, d2 red, d3 blue, and d4 green. The errorbars indicate the dispersion of
the measured mass fraction and box-diameter. The black lines are same as Fig. 5.17.

It is important to mention that for an exponent of p < 2 mathematically the mass
diverges with an increasing radius. This can be seen in Fig. 5.18. As a result the
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mass, M , and therefore, also the line-mass (mass per unit length), m = M/l, are not
well-defined. However, filaments are not isolated structures, but surrounded by low
density gas, which sets boundary conditions that are not considered in this model. As
mentioned before, we decided to use a radius dependent on the velocity dispersion of
the filament to estimate the mass of the filaments in this study.

5.5.2 Stability against collapse

Thermally supercritical filaments are commonly seen as star formation sites. Therefore,
they need to build the connection between the diffuse gas of the molecular cloud and the
dense gas in the star-forming cores. Inutsuka & Miyama (1992) showed that isothermal,
infinitely long, self-gravitating cylinders will collapse radially if their line-mass (mass
per unit length) exceed a critical value, and fragment along the axis in the sub-critical
and equilibrium case. The critical line-mass is given by

mcrit,th =
2c2
s

G
(5.11)

(Ostriker, 1964), where G is the gravitational constant and cs is the sound speed of the
medium, which is dependent on the gas temperature T (Eq. 5.5). Assuming a typical
gas temperature of T = 15 K the critical line-mass is mcrit = 20 M� pc−1.

Based on our observations and analysis we can estimate the line-mass for all the
filaments with a distance estimate bymobs = M/l, whereM is the mass estimated from
the 13CO emission, and l is the length along the velocity coherent skeleton. Because of
the separation of the velocity components this length does no longer securely describe
the linear shape (with small branches) of the original filament candidate sample, espe-
cially for the not fully correlated filaments. Therefore, we concentrate this discussion
on the fully correlated filaments, but also perform the calculations for the others.

The line-masses we observe with our resolution are significantly above the critical
thermal value (see Fig. 5.20). This leaves us with two possible conclusions: either
the filaments are collapsing radially or they have a supporting mechanism additional
to the thermal pressure. Moreover, we find that the linewidth of the molecular gas is
significantly larger than the sound speed, cs = 0.21 km s−1. This increased linewidth
can support both theories, as it can be interpreted as either structured motions, like
collapse, or turbulent motions within the gas.

Assuming that non-thermal motions contribute to the supporting mechanism, equa-
tion 5.11 can be modified to

mcrit,tot =
2(c2

s + σ2
nt)

G
(5.12)

(Fiege & Pudritz, 2000), where σnt is the non-thermal velocity dispersion of the fil-
ament, and mcrit,tot is the critical, total (thermal and non-thermal) line-mass. After
determining the velocity dispersion for all filaments, we can calculate the critical non-
thermal line-mass and compare it with the observed one (Fig. 5.20).

The uncertainty of the critical line-mass is given by the observed velocity dispersion
and therefore depends on the velocity resolution and the quality of the signal. The main
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Figure 5.20: Critical, non-thermal line-mass derived from the velocity dispersion versus
observed line-mass using integrated 13CO. The fully correlated filaments are indicated
in blue, and the other filaments of this study in a shaded green and red. The black solid
line shows the one-to-one correlation, the gray lines indicate a factor 2 uncertainty, and
the dashed line shows the critical thermal line-mass.

contributions for the uncertainties of the mass estimates are the X-factor (factor of 0.5–
2), optically thick 13CO emission (factor of 1–2), and the distance. As the length is
also dependent on the distance estimate, the line-mass is only linearly dependent on
the distance, which adds another factor of 0.8–1.2 to the uncertainty. Additionally, the
length is measured as projection on the sky and therefore, the observed line-mass is
an upper limit considering possible inclinations. The typical uncertainty is given by
the black cross in Fig. 5.20. Additionally, it needs to be mentioned that based on the
resolution of our data we are only able to derive global parameters. Higher resolution
data (spatial and kinematic) could reveal substructures, which might lead to different
results.

We find that the critical, non-thermal line-mass is, within the uncertainties, in
agreement with the observed line-mass. Therefore, Eq. 5.12 seems to describe a com-
mon relation between the observed linewidth and line-mass in the form m ∝ (c2

s +σ2
nt).

The sound speed, cs, depends only on the temperature of the ISM, which can be as-
sumed to be about constant. Hence, the line-mass is proportional to the non-thermal
motion. We also find that partially correlated filaments and diffuse components follow
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the same relation as the fully correlated filaments, but with a slightly wider spread.
We now want to investigate where this relation comes from. As we discussed be-

fore, one explanation might be infall motion. Inutsuka & Miyama (1992) showed that
infinitely long, isothermal filaments with a line-mass above the critical value collapse
radially. Heitsch et al. (2009) and Heitsch (2013a) determined the accretion velocity
profile, v(R), for gas in a steady-state free-fall onto the filament axis as

v(R) = 2

(
Gm ln

Rref

R

)1/2

(5.13)

where G is the gravitational constant, m is the line-mass of the filament, Rref is the
limiting, outer radius of the filament, and R is the radial position of the gas.

Figure 5.21: Line-of-sight velocity distribution across a slice of a filament based on Eq.
5.13 using a line-mass of m = 500 M� pc−1 and Rref = 2.0 pc. The observer is located
on the right side, observing the whole slice, the inner part (dashed lines), and outer
part (dotted lines), which where analyzed separately.

We use this radial velocity distribution, v(R), to estimate the signal which would
be observed from a collapsing filament, similar to Heitsch (2013a). First, we derive
the line-of-sight velocities, vlsr, across the filament for an observer looking edge on (see
Fig. 5.21),

vlsr = v(R) · x
R

(5.14)

where R is the radial distance to the center, and x is the position in the x-axis direction
of the Cartesian coordinate system. Second, we draw for each position in the filament
50 values from a Gaussian distribution centered on the derived velocities with a thermal
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velocity dispersion of cs = 0.21 km s−1. Third, we plot a weighted histogram of the
velocities with bins identical to the SEDIGISM channel width of 0.25 km s−1, where
we use the density at the position of the filament as weight. The density is given
by a Plummer-like distribution (see Section 5.5.1). From the weighted histogram we
calculate the standard deviation, hence the theoretically observed velocity dispersion.

Within this template we vary the line-mass, m, the exponent of the density profile,
p, and the area of the filament we observe (complete, middle, edge) to study their effect
on theoretical signal. We choose the outer radius Rref = 2.0 pc and the characteristic
radius of the density distribution R0 = 0.1 pc, see Section 5.5.1. The results are shown
in Table 5.4 and Fig. 5.22.

Table 5.4: The three input parameters, the resulting velocity dispersion σv, derived
from the modeled collapse spectra, and the expected total velocity dispersion, following
the found relation with m.

Fig. 5.22 m p area σv σcrit,nt
M� pc−1 km s−1 km s−1

a 100 1.5 all 1.03 0.46

b 500 1.5 all 2.29 1.04

c 1000 1.5 all 3.23 1.47

d 500 2.0 all 2.65 1.04

e 500 3.0 all 3.24 1.04

f 500 1.5 middle 2.86 -
g 500 1.5 edge 0.62 -

We find that the infall motions indeed show the observed relation between line-mass
and velocity dispersion, m ∝ σ2

v (Table 5.4, models a, b, c). However, the theoretical
velocity dispersion is higher by a factor of 2 than the observed values. Additionally,
we did not take turbulent motions into account, which would be caused by the infall
(Heitsch, 2013a), and give a wider theoretical signal. To fit the observations, the
collapse needs to be slowed down, which can be caused by the turbulence created by
the collapse. Finding a combination of collapse and turbulent motions that would
reproduce the observed kinematics is beyond the scope of this study.

Another way to identify ongoing collapse could be an analysis of the shape of
the emission lines (Schneider et al., 2010). The theoretical line profiles show double-
peaked shapes towards the center of the filament and for filaments with a steep density
profile. However, a comparison of the theoretical line shapes with the observed ones is
difficult as several other effects can alter the shape, like spatially unresolved motions of
the filament within the beam, or self-absorption, also see Heitsch (2013a) for different
inclination angles. In a few filaments we find some evidence for a double-peaked velocity
profile (see Section 5.3.2). But a more detailed analysis of, preferably, geometrically
simple filaments with higher spatial and kinematic resolution would be necessary to
address the effects of complex kinematics.

Rapid radial collapse would lead to extremely narrow filaments, which rarely have
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Figure 5.22: Theoretical molecular line profiles with varying parameters, see Table 5.4.

been observed up to now (e.g., Stutz & Gould, 2016). However, Heitsch (2013a) shows
that the fragmentation timescales are shorter than the collapse timescales, which is
supported by the fact that fragmentation is seen in almost all filaments (Jackson et al.,
2010; Kainulainen et al., 2013; Takahashi et al., 2013; Wang et al., 2014; Beuther et al.,
2015; Teixeira et al., 2016; Kainulainen et al., 2017). Our finding of slowed collapse
would increase the difference between the timescales, which is still in agreement with
the observations. Also, simulations of filament evolution by Chira et al. (2018) show
a start of fragmentation before the filaments reach the critical mass for gravitational
collapse.

However, we also cannot rule out the possibility that the observed velocity disper-
sion is mainly created by turbulent motions. These turbulent motions are discussed to
increase the internal pressure and support the filament against gravitational collapse.
Therefore, this theory is also in agreement with the observations.

5.6 Conclusions

In this study we studied spectral line emission from 283 filament candidates detected
with ATLASGAL continuum dust emission from the catalog of Li et al. (2016) in the
SEDIGISM 13CO and C18O survey. As these candidates can be the result of line-
of-sight projection of multiple structures, we tested the candidates for coherence in
velocity space and derived the mass, size, and a collection of kinematic properties. To
do so we developed an automated analysis tool that finds the different velocity com-
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ponents of a candidate, if existing, separates them and checks for correlation with the
original ATLASGAL emission. We found 422 velocity-coherent filaments that corre-
late completely or partially with the original candidate. For these filaments we find the
following:

• Two-thirds of the filament candidates are single velocity-coherent structures. The
other candidates are line-of-sight projections of mainly two and three velocity
components, and up to one candidate with seven velocity components. Also,
we found a possible indication for a correlation between the maximum intensity
within the filament candidate and the number of velocity components for the
integrated 13CO and ATLASGAL dust emission, but a flat behaviour is within
the uncertainties.

• Comparing the kinematics of the filaments seen in 13CO and C18O , we could show
that both isotopologues trace the same gas. Differences found in the comparison
could be identified as biases arising from low signal-to-noise C18O data.

• The filament profiles are on average in agreement with a Plummer-like density
distribution with an exponent of p ≈ 1.5± 0.5. The inner radius cannot be con-
strained exactly because of the limited resolution of the data. This low exponent
indicates that filaments are typically located within larger molecular clouds, and
therefore, the outer radius of a filament cannot be well defined. For the mass
estimates we chose a radius which includes the gas that can take part in star
formation within the next 2 Myr.

• The observed line-mass of the filaments is in agreement with the critical non-
thermal line-mass and significantly higher than the critical thermal line-mass.
However, we do not know the source of the observed velocity dispersion. Com-
paring the relation we find between velocity dispersion and line-mass with the
theoretical infall velocity profile based on Heitsch (2013a) generally does not re-
veal evidence for free-fall collapse. However, radial infall of the gas onto the
skeleton can possibly explain the relation.

In this study we analyzed the kinematics of 283 filament candidates, finding 180
reliable velocity coherent filaments, 151 with distance estimates between 1 kpc and
13 kpc, and 242 other velocity coherent filamentary structures in the line-of-sight of
the candidates, leading to the largest statistics of filament parameters so far. However,
due to the spatial resolution of 30′′ and velocity resolution of 0.25 km s−1, the derived
parameters generally only describe global behaviour of the filaments. As the evolution
and fragmentation of filaments is a hierarchical process it will be necessary to also study
the smaller scales. High resolution observations to recover the small scales (< 0.1 pc)
are essential, and this study can be the starting point for the selection of a representative
sample for such higher resolution follow-ups.
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Chapter 6

Summary

In this thesis we investigated the physical properties of massive filamentary molecular
clouds throughout the inner Galactic plane. In particular, we studied one extremely
long filamentary cloud in more detail, commonly known as Nessie, and analyzed the
properties of a large given sample of filaments and filament fragments identified using
ATLASGAL dust emission data. As we expect the Nessie filament to be a special case
of massive filaments, we summarize these studies independently and bring the results
in context afterwards.

6.1 The long Nessie filamentary cloud

The Chapters 2 and 3 are dedicated to study the classical and the extended Nessie
filament, respectively. In both Chapters we estimated the distance towards Nessie and
found estimates of dcl = 3.5 ± 0.5 kpc based on NIR source-counts (Chapter 2) and
dex = 3.1 ± 0.1 kpc based on kinematic distance measurements (Chapter 3). These
estimates are in agreement given their uncertainty, however the difference needs to be
taken into account when comparing the results of these studies. Both estimates place
Nessie in or close to the Scutum-Centaurs spiral arm as it was previously suggested by
Goodman et al. (2014) and Ragan et al. (2014). Our main results are:

• Combined near- and mid-infrared dust extinction measurements allow us to derive
a high-resolution (∼ 0.03 pc), high dynamic range (N(H2) = 3 – 100×1021 cm−2)
column density map of the classical Nessie filament. Based on this map we
calculated a mass of 4.2×104 M� (at 3.5 kpc), considering regions aboveN(H2) &
3×1021 cm−2, which leads to a mean line-mass of about 627 M� pc−1 for a length
of 67 pc. Therefore, Nessie is a massive filament.

• Using a wavelet approach we analyzed the fragmentation of the filament across
scales in the range from 0.1 pc to 10 pc and detected fragmentation at all scales.
Assuming an ellipsoidal shape for the fragments, we calculated their masses,
densities and nearest-neighbor separation. We find that their masses decrease and
densities increase for smaller size-scales, where at the smallest scale, the typical
masses of the fragments are 0.4 M� and mean densities are ∼ 104 cm−3. This
describes the fragmentation of the large diffuse structure into small dense clumps.
The fragmentation length is given by the median nearest-neighbor separation per
size-scale and decreases for the smaller and denser fragments. This behavior can
be approximated by a power-law with an exponent of −0.96± 0.05, which is also
in agreement with the previous determination of the 4 pc fragmentation length by
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Jackson et al. (2010). However, our data show that determining the fragmentation
length at any particular scale does not capture the full, scale-dependent picture
of fragmentation in the classical Nessie.

• Comparing the observed relation of fragmentation length and density to ana-
lytic gravitational fragmentation models, we find that at all scales the observed
nearest-neighbor separations are within a factor of two of the Jeans’ length. How-
ever, the slope of the scale-dependency of the Jeans’ length is significantly steeper
than the observed mean density – separation relationship. We do find agreement
for the observed relationship with a gravitationally fragmenting near-equilibrium
cylinder that is supported by non-thermal motions that exhibits a Larson-like
velocity-size scaling, that is, a power-law with an exponent of 0.5. This scaling
could result, for example, from turbulent motions in the cloud, which is supported
by the finding of clearly non-thermal velocity dispersions (Jackson et al., 2010,
and Chapter 3).

• We estimated the star formation rate (SFR) of Nessie based on different tracers.
Based on the number of identified YSOs in the cloud we find the SFR to be
389 M�Myr−1, based on the number of ∼ 0.1 pc-scale column density "cores"
we estimate 205 M�Myr−1, and based on the total amount of dense gas (AV > 7.3

mag; Lada et al. 2012) in the cloud we estimate 400 M�Myr−1. These results
suggest that the star-forming content of the classical Nessie can be approximated
relatively well by the number of dense cores and the amount of dense gas above
AV > 7.3 mag. These numbers indicate that the star-forming content of Nessie
is similar to the Solar neighborhood giant molecular clouds like Orion A.

• Analyzing the structure of ATLASGAL Gauss clumps (GCSC) identified in
the classical Nessie we find typically two to three small-scale structures (<
0.16 pc),which contain about 7 % of the mass of the parental clump. However,
this is a lower limit as the extinction mapping is susceptible for incompleteness
arising from MIR bright objects, such as foreground stars, and warm/hot gas.

• To investigate the larger extend of Nessie we used SEDIGISM 13CO(2 – 1) and
C18O(2 – 1) data and obtained maps of the zeroth, first, and second order mo-
ments of the extended Nessie filamentary molecular cloud from the SEDIGISM
13CO(2 – 1) and C18O(2 – 1) emission with a spatial resolution of 40′′. Based on
the integrated 13CO emission (zeroth order) over SNR of 5 we estimate the mass
to be 1.89× 106 M�. With the total length of the visually identified skeleton of
283.1 pc we calculate a mean line-mass of 563 M� pc−1, which is similar to the
value of the classical part (555 Modot pc−1 at 3.1 kpc).

• The most striking result is that the velocity structure along the filamentary cloud
is continuous, although the outer edges of two embedded HII regions cause two
steep gradients. However, changes in the morphology, for example intensity, radial
extend, or kinematic behavior, of the extended Nessie filament suggest that that
the filament is not evolving as a single filament. We could identify 12 subparts
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for the extended Nessie. Additionally, we find a difference in the distribution
of ATLASGAL (CSC) and Hi-GAL high-mass clumps as well as compact and
evolved HII regions, which indicate on-going massive star formation.

• In the shells around the evolved HII regions we find a slightly enhanced number of
high-mass clumps, which have the tendency to appear at equally spaced distances.
This finding may hint to a fragmentation of the compressed molecular shell and
therefore, star formation triggered by the expanding shock front of the HII region.

6.2 Filamentary molecular clouds in the inner Galactic
Plane

In the second part of the thesis we analyzed the continuity in ppv-space and the gas
properties of filament candidates previously identified based on the ATLASGAL dust
emission data by Li et al. (2016). Since the dust emission represents a 2D projection
of all emission along the line-of-sight, it is crucial to use molecular line data to reveal
whether the identified structures are single physical entities. This includes a small
study on the SEDIGISM science demonstration field and a fully automated analysis on
the entire SEDIGISM survey area. Our results are summarized in the following:

• A visual investigation of the SEDIGISM science demonstration field reveals a
large number of filamentary structures from simple filaments to larger complexes.
While the brightest structures are also identified in dust emission data (ATLAS-
GAL and Hi-GAL), there are several more diffuse structures present.

• We detect 8 of 9 filaments and all 3 networks of filaments of the catalog of Li
et al. (2016) in the SEDIGISM science demonstration field. While one filament
candidate is the result of a projection of several velocity components, and one net-
work is a product of two distinct velocity components seen in projection along the
line-of-sight, all other structures show one velocity component tracing significant
parts of the dust identified candidates.

• Comparing the observed line-mass of the velocity coherent filaments with their
critical non-thermal (virial) value we find this ratio in the range from 0.4 to 3.5.
We concluded from this result that filaments might not be gravitationally bound
on the large scale but form stars in the inner denser parts.

• In the automated study of the filament candidates within the entire SEDIGISM
survey we find that two-thirds of the candidates are single velocity-coherent struc-
tures. Other candidates are line-of-sight projections of mainly two or three ve-
locity components, but at most seven velocity components in one candidate.
Comparing the number of components with projected line-of-sight intensities, we
found a tendentious correlation between the maximum integrated 13CO intensity
as well as ATLASGAL dust emission within the filament candidate and the num-
ber of velocity components, however, a flat behavior is within the uncertainties.



114 Chapter 6. Summary

• Measuring the increasing filament mass with increasing radius we find that the
filament profiles are on average in agreement with a Plummer-like density distri-
bution with an exponent of p ≈ 1.5±0.5. Because of the limited spatial resolution
of the data the inner profile radius cannot be constrained. The shallow power-law
exponent indicates that th studied filaments are typically located within larger
molecular clouds, and therefore, the outer radius of a filament cannot be well de-
fined using low density tracers like 13CO. For further mass estimates we defined
a radius which includes the gas that possibly can take part in star formation
through accretion within the next 2 Myr.

• Similar to the findings in the test field, the observed line-mass of the filaments
in the SEDIGISM survey is in agreement with the critical non-thermal line-mass
and is significantly higher than the critical thermal line-mass. However, while
turbulent motions are one possible explanation, we do not know the source of the
observed velocity dispersion. Rotation, shear, and inflow of gas could contribute
to the observed velocity dispersion. Comparing the found relation between ve-
locity dispersion and line-mass with the theoretical infall velocity profile based
on Heitsch (2013a) does not reveal evidence for free-fall collapse. However, radial
infall motions of the gas onto the skeleton can possibly explain the relation.

6.3 Final conclusions

The results shown in the first part of the thesis are found for a single giant molecular
filament and therefore, cannot be transferred to general statements. The finding of a
continuous velocity structure over the 200 pc long spine without significant large scale
curvature in position-position space suggests that this filamentary molecular cloud was
not formed as a result of stellar feedback, but is rather a result of Galactic, large-
scale mechanisms. Comparing our results to two proposed formation scenarios based
on Galactic simulations (Smith et al., 2014; Duarte-Cabral & Dobbs, 2017) we see an
agreement with both models. However, our results do not allow to distinguish between
these models, and we cannot conclude a preferred scenario of giant molecular filament
formation.

The found hierarchical fragmentation process has also be seen in other filamentary
clouds like G11.11-0.12 (Kainulainen et al., 2013), the Taurus cloud (Hacar et al., 2013),
and the integral-shaped filament in Orion (Teixeira et al., 2016; Kainulainen et al.,
2017), which suggests that hierarchical fragmentation is a common processes, however
with different characteristics, hence, power-law slopes. The found relation between
the observed line-mass and the velocity dispersion supports two interpretations: the
filament is globally in a near-equilibrium state, where turbulence supports the filament
against gravitational collapse, or the filament is undergoing a radial collapse with infall
speeds below the free-fall velocity.

Combining these results with the findings that denser structures (i.e. sub-filaments,
clumps, cores) can collapse on smaller time-scales than the parent cloud (Pon et al.,
2011) and that the fragmentation time-scale is comparable to the radial free-fall collapse
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time-scale (Heitsch, 2013a) leads to a possible picture of massive filament evolution:
gravitational super-critical parts of massive filaments collapse radially, while the dif-
fuse surrounding molecular cloud might be in an equilibrium state. During the collapse
the density of the filament will increase and therefore, the fragmentation scales will
decrease following the sausage and Jeans’ fragmentation models. This leads to the ob-
served hierarchical fragmentation characteristics. Additional contributions from other
processes like turbulence and magnetic fields might influence these relations and lead
to the observed variations between massive filaments.





Chapter 7

Outlook

In this thesis we performed a detailed study on one of the most interesting filamentary
molecular clouds, we developed an automated analysis method for massive filamentary
clouds and we found a possible scenario for massive filament evolution and fragmenta-
tion. These results leave several open questions for further investigations.

7.1 Extension of the filament catalog

With the presented automated filament analysis tool in hand it will be straightforward
to extend the study in other regions. The Galactic plane is the target of several
molecular line surveys. While we used the SEDIGISM survey for our analysis, the
rest of the inner Galactic plane (18◦ < l < 60◦) is covered by the Galactic Ring Survey
(Jackson et al., 2006), which observed the 13CO(1 – 0) line with the SEQUOIA multi-
pixel array receiver on the FCRAO 14 m telescope with a spatial resolution of 46′′,
a spectral resolution of 0.2 km s−1, and a sensitivity of < 0.4 K. This area is also
covered by the filament candidate catalog of Li et al. (2016) and therefore, such an
extension would increase the statistics in a consistent way. Additionally, surveys of
different transitions of the same molecules, which are currently observed, will provide
the possibility to derive the excitation temperature and opacity of the gas and therefore,
improve our mass estimates.

Furthermore, to achieve a more complete picture of the distribution of filamentary
structures in the Galaxy, it will be beneficial to include also more structures with more
complex morphologies like the networks of filaments and complexes from the study of
Li et al. (2016). While we ignored these objects for the final analysis during the manual
test study shown in Chapter 4 because of their complexity, the developed algorithm is
able to take care of such morphologies. These more complex objects will also include
already well-known star-forming regions with much higher luminosity such as W43 and
W49. Therefore, we will be able to investigate also the differences of star formation
in varying surrounding conditions. Additionally, with a larger sample it will be more
likely to identify a general structure of the Galaxy. Using an advanced friends-of-friends
approach, including the orientation of the filaments, we can identify more of the giant
molecular filaments like Nessie (Chapters 2 and 3). This selection of GMFs is likely
to be less biased than visual identification methods, for example used in Ragan et al.
(2014) and Abreu-Vicente et al. (2016).
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7.2 Nessie and the origin of GMFs

Our study of the Nessie giant molecular filament in Chapter 3 showed that this is
a spatially and velocity continuous object, whose formation process is currently not
understood. Galactic modeling revealed two possible formation processes. While our
study showed several properties which are expected from the proposed processes, the
study could not provide conclusive evidence for either of them. Recently several catalogs
of possible GMFs have been conducted (Ragan et al., 2014; Wang et al., 2014, 2015;
Abreu-Vicente et al., 2016; Zucker et al., 2017), however, applying different criteria for
the identification. These studies are aiming on finding the location and orientation of
the GMFs in the spiral structure of the Galaxy. However, the uncertainties in both,
the knowledge of the location of the spiral arm and the kinematic distance estimates,
does not allow conclusive results.

One observable difference between the two models is the interaction with the sur-
round material. The ’bones of the Milky Way’ model of Smith et al. (2014) suggest
steady infall of gas into the gravitational potential of the spiral arm, where the fila-
ment is located. However, the GMFs observed in the study of Duarte-Cabral & Dobbs
(2017) are located in the inter-arm region and confined by an external pressure. With
observations across the filament of different tracers can reveal the kinematics onto the
filament. Here we are planning to observe the optically thick CO, neutral carbon, [CI],
in the outer edge of the molecular filament and ionized carbon, [CII], which traces the
surrounding gas. We then will analyze the data to identify infall signatures or external
pressure.

7.3 Detailed study of massive filamentary molecular clouds

From the results of the studies presented in this thesis we drew a picture for mas-
sive filament evolution, where the filament is radially collapsing and fragmenting, and
thereby creating a hierarchical sub-structure. However, we need additional informa-
tions to confirm this picture. In particular, we plan to select a sample of the most
interesting filaments, that covers a large range of line-masses, morphologies, and dis-
tances from our catalog derived in Chapter 5. This sample would then be the ideal
testbed for detailed studies. To allow more detailed studies it is necessary to select
the bright sources from the catalog. Also, we want to include filaments with different
global surrounding conditions like kinematic substructures, or alignment with HII re-
gions. Therefore, it is possible to identify different filament formation processes and
study their impact on the evolution and star formation content. Another approach to
find the most interesting sources is to investigate whether there are correlations between
parameters of filamentary molecular clouds and associated high-mass star formations
clumps, like ATLASGAL or Hi-GAL clumps (Contreras et al., 2013; Urquhart et al.,
2014; Molinari et al., 2016).

To investigate the cause of the observed line-mass velocity dispersion correlation
high resolution molecular line emission observations are essential. With these data we
will mainly focus on the following two questions: does the filament have substructures,
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and does the filamentary cloud show evidence for radial collapse? From previous studies
we expect to find one or several dense filaments in the center of the filamentary cloud
(Hacar et al., 2013; Zhang et al., 2015; Hacar et al., 2018), which show a narrower
fragmentation pattern than the parental cloud (Chapter 2 and Kainulainen et al., 2013;
Pokhrel et al., 2018). However, the surrounding cloud provides a large reservoir of
molecular gas, which is most likely responsible for the observed high line-masses, and
therefore, the found correlation. As discussed in Chapter 5, theoretical models predict
a radial collapse for such configurations (Inutsuka & Miyama, 1992; Heitsch, 2013a),
which has not yet been observed. Therefore, we will search for collapse signatures,
like radial gradients of the peak velocity and velocity dispersion, pronounced blue line
profiles (e.g., Lu et al., 2018), and line shapes as predicted by models (Chapter 5
and Heitsch, 2013a). Finally, we will compare the results of the different sources to
investigate the impact of the global conditions. In conclusion, this study will show for
the first time the continuous path of molecular gas from the parsec-scale to the dense
star-forming clump.





Appendix A

Appendix to Chapter 2

A.1 Used observations

For the calculation of the NIR extinction map of the Nessie filament we use observations
conducted by the VVV (VISTA Variables in the Via Lactea) survey (Saito et al., 2012)
in the JHKS photometric bands. These calibrated and reduced (science ready) data
are publicly available in the ESO archive. The exact observations used in this study
are listed in Table A.1.

A.2 Photometry of different observations

For the photometry of the NIR data, we use a set of different observations (see Appendix
A.1), which show different spatial resolutions due to different conditions. Therefore, the
point-spread-function (PSF) for point sources will be different in the single observations,
and also effect the stacked data. This might be especially relevant in the Ks filter where
we use a larger set of observations. To test the significance of this quality difference we
compare the results of photometry in the KS filter performed on tile 068 of the stacked
data, one 80 s exposure (from 2010-05-09), and the lowest resolution 16 s exposure
(from 2011-08-31). For all data-sets we used the same parameters as described before
and also calibrated the found magnitudes with the 2MASS data (Skrutskie et al., 2006;
Cutri et al., 2003). We then identified stars seen in the stacked and 16 s data, and
stacked and 80 s data, and plotted the derived magnitudes against each other.

We find a good correlation for the three data-sets. However, there is a larger
scatter for the 16 s data because of the lower sensitivity of the data. In general,
we find a significantly increased number of stars for the longer exposure or stacked
data. Specifically, more faint stars are detected because of the higher sensitivity of
the data. As the number of sources is important for our applied method of NIR
extinction measurement, we except small uncertainties introduced by the PSF fitting
on the stacked data as they are not significant, which we were able to show here.

A.3 Reference color correction

For the estimation of the dust extinction of a molecular cloud we need to calculate the
average color of the stars behind the cloud. In order to make accurate measurements,
we need to address two problems. First the cloud itself causes a strong shift of the
star colors. This is exactly the effect we want to measure, but a direct measure of
the color on the farther side of the cloud is impossible. Therefore, we assume the
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Table A.1: List of NIR observations.

Filter RA DEC Exposure time beamsize date
hh:mm:ss.ss dd:mm:ss.ss s ′′

near-infrared VVV tile d068
J 16:40:50.52 -47:19:13.08 80 0.82 2010-03-27
J 16:40:50.52 -47:19:13.08 80 0.93 2010-05-09
H 16:40:50.52 -47:19:13.08 80 0.84 2010-03-27
H 16:40:50.52 -47:19:13.08 80 0.94 2010-05-09
KS 16:40:50.52 -47:19:13.08 80 0.82 2010-03-27
KS 16:40:50.52 -47:19:13.08 80 0.96 2010-05-09
KS 16:40:50.52 -47:19:13.08 16 0.93 2010-03-06
KS 16:40:50.52 -47:19:13.08 16 0.93 2010-06-26
Ks 16:40:50.52 -47:19:13.08 16 0.74 2011-05-14
KS 16:40:50.52 -47:19:13.08 16 0.82 2011-05-15
KS 16:40:50.52 -47:19:13.08 16 0.74 2011-05-16
KS 16:40:50.52 -47:19:13.08 16 0.71 2011-05-16
KS 16:40:50.52 -47:19:13.08 16 0.90 2011-05-18
KS 16:40:50.52 -47:19:13.08 16 1.09 2011-08-31
KS 16:40:50.52 -47:19:13.08 16 0.93 2011-09-01
KS 16:40:50.52 -47:19:13.08 16 0.88 2011-09-05
KS 16:40:50.52 -47:19:13.08 16 0.93 2011-09-17
KS 16:40:50.52 -47:19:13.08 16 0.81 2011-09-21

near-infrared VVV tile d069
J 16:46:25.56 -46:13:07.32 80 0.79 2010-03-27
J 16:46:25.56 -46:13:07.32 80 0.96 2010-05-09
H 16:46:25.56 -46:13:07.32 80 0.81 2010-03-27
H 16:46:25.56 -46:13:07.32 80 0.89 2010-05-09
KS 16:46:25.56 -46:13:07.32 80 0.83 2010-03-27
KS 16:46:25.56 -46:13:07.32 80 0.87 2010-05-09
KS 16:46:25.56 -46:13:07.32 16 1.02 2010-03-06
KS 16:46:25.56 -46:13:07.32 16 0.79 2010-08-18
KS 16:46:25.56 -46:13:07.32 16 0.97 2011-06-15
KS 16:46:25.56 -46:13:07.32 16 0.71 2011-05-14
KS 16:46:25.56 -46:13:07.32 16 0.83 2011-05-15
KS 16:46:25.56 -46:13:07.32 16 0.72 2011-05-16
KS 16:46:25.56 -46:13:07.32 16 1.04 2011-08-09
KS 16:46:25.56 -46:13:07.32 16 1.01 2011-09-06
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Figure A.1: Comparison of KS magnitudes between the stacked and 16 s data. The
red line indicates the one-to-one correlation. The shown stars have an photometric
uncertainty lower than 0.05 mag.

Figure A.2: Comparison of KS magnitudes between the stacked and 80 s data. The
red line indicates the one-to-one correlation. The shown stars have a photometric
uncertainty lower than 0.05 mag.

colors of stars in a nearby cloud-free region are the same as behind the cloud. Second,
diffuse dust in the Milky Way causes a steady dust reddening with distance from the
observer. Therefore, stars located in between the cloud and the observer will confuse
the measurement of the background color and need to be removed. We address this
problem by statistical subtraction of foreground stars in the JHKS color-color-space.
We first bin the stars in the J-H and H-KS colors and scale the numbers with the size
of the reference field, which leads to a two-dimensional histogram shown in Fig. A.3.
Then, we do the same for stars located towards the highest extinction regions of the
cloud. These stars are either in front of the cloud and show almost no color excess or
they are behind the cloud, in which case they show a strong color excess and can be
ignored. Again, we scale the number of stars per bin with the area in which they were
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observed. We subtract the number of stars per bin of foreground histogram from the
number of stars in the corresponding bin of the reference field histogram. The resulting
histogram is shown in Fig. A.4 and represents the distribution of star colors behind
the cloud. Some bins show a negative number of stars, but neighboring bins show still
‘unreddend’ stars, so they cancel in deriving the average J-H, and H-KS colors.

Figure A.3: JHKs color-color histogram of
the reference field before correction.

Figure A.4: JHKs color-color histogram of
the reference field after correction.

A.4 Mid-infrared near-infrared correlation

For the combination of the ‘NIR and MIR extinction maps we convolve the MIR data
(FWHM = 2.4” ) to the significantly lower resolution of the NIR data (FWHM = 48”

). Then, we perform a pixel-to-pixel comparison between the two maps to investigate
their correlation. Figure A.5 shows only a poor correlation of the data and a large
scatter. For ANIRV . 10 mag, the MIR extinction at most positions is underestimated
by a factor of approximately five, but at some positions the data is correlated. This
can be explained by the spatial filtering of the MIR mapping, which is not able to trace
the diffuse cloud component. Therefore, the correlation arises only from the very inner
parts of the filament. Additionally, at extinctions higher than ANIRV . 5 – 10 mag,

the NIR data begin to underestimate the extinction, because of a lower number of
background stars in the line-of-sight. A similar behavior of the correlation can be seen
in the study of Kainulainen & Tan (2013).
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Figure A.5: Pixel-to-pixel comparison of the NIR and MIR extinction values restricted
to the filament area (polygon in Fig. 2.5). The black line indicates the one-to-one
correlation.

A.5 ATLASGAL clumps

Here we show cut-outs from the combined NIR and MIR extinction map of the 16

ATLASGAL GCSC sources contained in Nessie. In section 2.4.4 we describe how these
parsec-scale structures identified from ATLASGAL (white contours) break down into
possibly star-forming substructures. Therefore, we show the positions of identified scale
i = 2 structures with black crosses.

A.6 Properties of the identified structures

Here we show the properties of the identified small-scale structures, which are likely to
become star formation sites. The shown properties are the results of the clumpfind-2D
algorithm applied to the column density map of scale (i = 2).

Table A.2: Structures identified on the i = 2 scale-map

ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
9 338.11 -0.47 10.38 4.38 2.93 3.39 194.42 36
10 338.08 -0.45 9.78 4.96 6.44 3.95 224.46 49
11 338.09 -0.45 9.66 2.87 2.67 2.65 127.39 22
16 338.86 -0.47 8.71 10.33 3.52 4.62 232.36 67
17 338.70 -0.46 8.63 7.02 2.49 3.87 173.85 47
20 338.73 -0.47 8.38 3.43 3.19 3.14 126.11 31
24 338.09 -0.45 8.13 4.51 6.27 3.74 160.13 44
26 338.09 -0.45 8.01 3.21 2.67 2.82 113.50 25
29 338.65 -0.46 7.77 5.00 3.77 3.19 118.37 32

Continued on next page
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
33 338.71 -0.46 7.55 4.21 2.61 3.09 108.18 30
36 338.11 -0.46 7.38 2.27 4.12 2.82 85.24 25
43 338.64 -0.46 7.14 2.93 2.09 2.33 82.64 17
44 338.73 -0.46 7.09 3.01 3.62 2.93 102.15 27
46 338.11 -0.47 6.95 4.01 4.30 3.52 134.24 39
48 338.08 -0.45 6.92 3.21 2.83 2.52 72.30 20
49 338.69 -0.46 6.89 5.20 3.13 3.61 125.90 41
50 338.87 -0.48 6.87 2.74 5.54 3.61 153.59 41
51 338.34 -0.50 6.84 3.37 2.89 2.88 89.20 26
53 338.09 -0.43 6.79 1.80 4.40 2.65 83.95 22
54 338.10 -0.45 6.73 3.88 1.90 2.52 80.81 20
56 338.08 -0.44 6.69 5.41 2.96 3.24 111.74 33
58 338.31 -0.51 6.66 3.01 2.54 2.71 76.39 23
59 338.11 -0.47 6.61 1.91 3.39 2.39 63.31 18
60 338.55 -0.42 6.45 6.23 4.03 3.61 133.05 41
67 338.09 -0.44 6.27 1.92 2.17 1.95 43.95 12
71 338.87 -0.48 6.15 2.36 3.23 2.46 67.43 19
77 338.08 -0.43 6.04 2.23 2.42 2.26 52.61 16
78 338.87 -0.47 6.01 5.25 2.75 3.19 95.52 32
79 338.08 -0.43 6.00 2.70 1.72 2.11 45.62 14
83 338.78 -0.46 5.92 2.34 3.13 2.33 50.45 17
85 338.87 -0.48 5.84 2.25 3.44 2.46 72.41 19
87 338.39 -0.40 5.79 2.66 3.43 2.65 65.60 22
88 338.62 -0.44 5.74 3.83 5.21 3.09 78.61 30
89 338.09 -0.45 5.74 2.60 2.47 2.33 53.72 17
90 338.32 -0.41 5.73 4.68 3.34 3.19 105.23 32
95 338.32 -0.51 5.67 8.75 2.10 3.57 115.17 40
96 338.19 -0.48 5.64 2.84 3.06 2.65 67.07 22
97 338.24 -0.44 5.63 2.63 4.44 3.04 88.73 29
100 338.13 -0.49 5.62 3.73 3.68 3.14 85.00 31
102 338.11 -0.45 5.60 2.71 2.89 2.65 66.99 22
103 338.10 -0.45 5.59 6.57 3.81 3.39 107.10 36
106 338.46 -0.43 5.50 5.86 2.02 3.04 85.06 29
108 338.10 -0.45 5.49 3.55 2.47 2.39 58.37 18
110 338.85 -0.47 5.47 2.49 2.68 2.46 59.34 19
111 338.33 -0.51 5.46 2.03 2.91 2.33 50.69 17
113 338.09 -0.44 5.45 3.26 2.60 2.65 70.43 22
116 338.20 -0.46 5.44 2.69 3.57 2.71 75.55 23
117 338.60 -0.44 5.44 1.83 5.45 2.82 79.80 25
118 338.64 -0.46 5.43 3.59 1.88 2.39 58.47 18

Continued on next page
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
120 338.67 -0.45 5.40 4.36 2.46 2.71 63.15 23
121 338.08 -0.44 5.35 2.96 2.73 2.52 64.19 20
122 338.34 -0.40 5.33 6.25 3.01 3.24 89.47 33
125 338.82 -0.45 5.32 2.92 3.32 2.52 59.44 20
126 338.81 -0.48 5.31 3.19 2.31 2.59 60.68 21
129 338.69 -0.46 5.28 3.21 2.11 2.39 52.69 18
130 338.60 -0.44 5.27 3.64 2.43 2.71 75.71 23
134 338.82 -0.47 5.23 3.11 3.57 2.65 61.68 22
135 338.94 -0.42 5.22 2.34 4.97 2.99 83.16 28
136 338.27 -0.43 5.22 3.72 2.35 2.82 70.46 25
138 338.50 -0.42 5.21 3.78 3.16 2.71 69.47 23
139 338.33 -0.41 5.21 3.61 1.76 2.33 55.73 17
141 338.09 -0.46 5.19 3.75 6.70 2.99 73.09 28
145 338.61 -0.44 5.16 3.26 4.76 3.09 95.21 30
147 338.60 -0.44 5.12 3.34 2.18 2.46 65.92 19
148 338.78 -0.46 5.12 4.06 4.37 3.43 94.78 37
149 338.87 -0.48 5.12 3.81 1.96 2.39 48.98 18
154 338.85 -0.47 5.03 2.84 2.09 2.33 47.11 17
157 338.48 -0.43 4.95 4.17 2.94 3.14 87.01 31
159 338.29 -0.43 4.93 3.24 3.61 3.09 81.85 30
160 338.30 -0.52 4.92 3.00 4.62 3.29 98.33 34
161 338.62 -0.44 4.91 3.04 5.80 3.09 79.39 30
164 338.52 -0.43 4.89 2.45 2.04 2.11 38.29 14
168 338.62 -0.44 4.85 2.20 2.72 2.33 47.48 17
170 338.60 -0.44 4.83 3.11 2.49 2.46 56.86 19
173 338.30 -0.52 4.82 4.16 2.31 2.82 72.29 25
178 338.09 -0.44 4.78 4.77 2.31 2.88 77.22 26
179 338.50 -0.42 4.77 3.09 4.57 2.88 78.79 26
181 338.84 -0.45 4.76 7.52 3.05 3.57 100.89 40
182 338.75 -0.46 4.76 6.73 5.13 3.74 107.58 44
183 338.34 -0.51 4.75 2.98 2.28 2.33 51.20 17
184 338.76 -0.48 4.74 2.20 4.51 2.71 57.15 23
185 338.61 -0.44 4.73 6.08 3.39 3.57 104.06 40
189 338.70 -0.48 4.71 4.08 3.40 3.19 81.20 32
190 338.11 -0.46 4.71 3.54 1.95 2.33 42.64 17
191 338.61 -0.44 4.70 3.15 2.90 2.71 62.21 23
195 338.30 -0.52 4.66 2.44 6.96 3.14 80.88 31
196 338.09 -0.45 4.66 6.14 2.50 3.14 80.21 31
197 338.10 -0.46 4.66 2.83 2.30 2.26 45.35 16
199 338.73 -0.47 4.62 3.08 6.62 2.76 57.63 24
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
201 338.57 -0.44 4.61 3.60 2.26 2.46 50.63 19
202 338.65 -0.45 4.61 2.44 1.79 1.95 33.23 12
204 338.17 -0.47 4.59 2.19 2.51 2.19 39.57 15
208 338.18 -0.46 4.56 2.20 1.96 1.95 35.85 12
211 338.31 -0.52 4.56 5.37 2.54 2.71 57.95 23
213 338.10 -0.46 4.55 2.73 3.91 2.76 66.28 24
217 339.04 -0.39 4.54 4.51 2.87 3.14 85.78 31
218 338.33 -0.41 4.52 3.38 1.75 2.11 41.53 14
219 338.93 -0.49 4.52 2.79 4.27 3.14 84.45 31
220 338.31 -0.51 4.50 1.74 2.43 1.95 32.52 12
227 338.86 -0.47 4.47 4.71 3.95 3.48 86.50 38
228 338.08 -0.44 4.46 3.36 1.79 2.33 43.44 17
229 338.33 -0.41 4.46 2.90 1.84 2.11 38.98 14
231 338.81 -0.46 4.45 2.25 2.34 2.03 38.57 13
236 338.30 -0.52 4.43 3.76 3.27 2.82 62.30 25
239 338.20 -0.46 4.42 4.80 3.31 3.19 76.03 32
240 338.93 -0.43 4.42 2.64 2.19 2.26 42.37 16
242 338.77 -0.46 4.40 3.02 2.80 2.46 51.70 19
246 338.19 -0.46 4.37 3.46 2.83 2.71 64.63 23
248 338.24 -0.44 4.36 1.55 3.30 2.03 37.13 13
249 338.29 -0.43 4.36 2.86 2.19 2.26 41.10 16
252 338.31 -0.43 4.35 1.68 3.33 2.19 38.06 15
253 338.45 -0.42 4.35 7.54 2.76 3.29 78.07 34
256 338.20 -0.48 4.32 2.47 4.63 2.88 67.15 26
257 338.62 -0.44 4.31 2.13 2.44 1.95 34.91 12
259 338.09 -0.42 4.31 3.15 2.10 2.39 46.75 18
267 338.77 -0.46 4.27 3.16 2.20 2.26 45.37 16
269 338.21 -0.48 4.27 2.08 1.87 1.87 30.97 11
271 338.18 -0.48 4.26 4.38 3.80 2.93 69.68 27
272 338.33 -0.41 4.26 5.35 4.27 3.39 99.61 36
273 338.18 -0.46 4.25 3.00 2.82 2.52 56.71 20
276 338.87 -0.49 4.23 3.27 4.13 2.88 62.19 26
277 338.87 -0.48 4.22 4.13 2.40 2.46 48.62 19
279 338.63 -0.45 4.21 2.34 3.10 2.33 42.57 17
282 338.12 -0.47 4.20 3.42 3.57 3.09 72.84 30
285 338.90 -0.43 4.20 4.70 3.30 2.93 66.23 27
287 338.46 -0.43 4.18 1.89 2.47 1.95 31.58 12
288 338.47 -0.43 4.18 3.32 2.58 2.26 46.97 16
289 338.90 -0.43 4.18 2.82 2.09 2.19 39.80 15
290 338.51 -0.42 4.17 5.28 2.82 3.09 69.12 30

Continued on next page
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
291 338.85 -0.47 4.17 2.92 3.41 2.82 66.00 25
293 338.87 -0.49 4.15 2.24 2.26 2.03 32.41 13
296 338.33 -0.51 4.13 2.07 2.52 2.11 38.05 14
298 338.26 -0.38 4.12 2.75 2.28 2.26 39.48 16
300 338.08 -0.45 4.12 2.29 5.21 2.19 34.42 15
303 338.19 -0.47 4.11 7.73 3.58 2.93 60.83 27
306 338.71 -0.47 4.09 2.51 2.26 2.11 38.51 14
307 338.09 -0.45 4.09 3.07 2.07 2.33 41.94 17
308 338.75 -0.47 4.09 2.99 3.47 2.88 67.70 26
310 338.81 -0.49 4.09 2.98 3.04 2.76 60.01 24
312 338.56 -0.44 4.08 5.54 2.29 3.04 74.99 29
315 338.34 -0.41 4.08 3.59 1.91 2.11 34.87 14
316 338.16 -0.48 4.08 1.99 3.17 2.26 41.14 16
317 338.93 -0.49 4.08 3.41 2.55 2.46 45.47 19
319 338.78 -0.46 4.07 2.91 4.07 2.76 58.32 24
326 338.32 -0.42 4.05 3.33 3.87 2.59 45.35 21
329 338.46 -0.43 4.05 3.33 1.96 2.39 43.65 18
330 338.93 -0.49 4.04 6.58 4.80 3.61 111.99 41
333 338.65 -0.45 4.03 4.66 2.04 2.65 54.46 22
337 338.86 -0.48 4.02 4.28 2.64 2.59 55.51 21
338 338.65 -0.45 4.02 3.83 4.01 2.88 60.45 26
339 338.58 -0.44 4.02 1.73 2.48 1.95 29.73 12
340 338.58 -0.43 4.02 1.65 5.11 2.59 52.32 21
342 338.24 -0.45 4.01 1.79 2.55 1.95 30.15 12
343 338.87 -0.49 4.01 1.77 2.60 2.03 31.81 13
344 338.54 -0.43 4.00 2.98 2.09 2.33 38.68 17
345 339.09 -0.41 3.99 3.68 2.49 2.59 53.84 21
346 338.71 -0.48 3.99 2.20 2.50 2.03 33.55 13
350 338.31 -0.42 3.97 3.38 2.09 2.19 39.75 15
353 338.72 -0.47 3.96 3.01 2.18 2.26 42.21 16
358 338.32 -0.41 3.94 3.42 3.18 2.46 47.99 19
360 338.13 -0.49 3.93 5.36 2.08 2.65 51.31 22
361 338.99 -0.40 3.93 5.93 3.47 3.39 90.02 36
363 338.87 -0.49 3.92 1.99 3.28 2.19 35.27 15
367 338.92 -0.50 3.91 1.74 3.51 2.33 43.16 17
368 338.62 -0.45 3.91 3.24 2.77 2.39 43.53 18
373 338.88 -0.49 3.88 3.06 2.38 2.33 39.56 17
374 338.95 -0.42 3.88 3.84 4.19 2.88 67.02 26
376 338.57 -0.44 3.87 2.86 2.99 2.46 44.64 19
379 338.13 -0.47 3.86 2.24 2.57 2.19 35.89 15
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
380 338.85 -0.47 3.85 3.28 2.52 2.39 42.99 18
386 338.86 -0.48 3.82 3.18 2.00 2.19 36.43 15
387 338.32 -0.41 3.82 2.75 2.72 2.39 46.55 18
389 338.11 -0.46 3.81 3.14 7.97 3.48 90.03 38
391 339.02 -0.40 3.81 5.29 2.79 3.14 79.56 31
393 338.68 -0.46 3.81 5.74 5.04 3.09 61.83 30
394 338.10 -0.46 3.81 2.87 3.85 2.93 70.69 27
397 338.85 -0.45 3.80 3.34 3.10 2.39 46.74 18
400 338.87 -0.47 3.79 2.38 2.87 2.33 40.43 17
402 338.78 -0.46 3.79 1.79 2.52 1.87 27.91 11
407 338.55 -0.42 3.77 3.22 2.70 2.39 44.22 18
408 338.78 -0.46 3.77 2.81 2.28 2.26 39.44 16
409 338.40 -0.40 3.76 2.31 2.37 2.03 34.17 13
410 338.50 -0.42 3.76 3.23 2.94 2.39 44.86 18
416 338.25 -0.44 3.74 4.34 3.55 2.65 51.41 22
418 338.94 -0.49 3.74 2.97 2.28 2.33 41.33 17
419 338.33 -0.40 3.74 2.52 1.93 2.03 31.91 13
424 338.11 -0.46 3.73 2.23 3.18 2.52 47.40 20
427 338.81 -0.46 3.73 2.21 2.09 1.95 29.11 12
430 338.41 -0.41 3.70 4.55 2.54 2.59 50.33 21
432 338.55 -0.43 3.70 1.62 3.16 2.11 30.81 14
435 338.94 -0.42 3.69 3.72 2.56 2.52 46.00 20
436 338.30 -0.48 3.69 8.93 3.74 3.24 67.69 33
437 338.42 -0.42 3.69 3.96 2.96 2.33 37.20 17
441 338.47 -0.43 3.68 4.43 6.44 3.19 70.14 32
443 338.94 -0.49 3.67 3.32 2.28 2.46 46.19 19
445 338.34 -0.51 3.66 3.00 1.76 2.11 33.98 14
447 338.92 -0.49 3.66 2.54 2.26 2.19 35.85 15
448 339.10 -0.40 3.66 5.58 2.93 2.76 51.35 24
455 338.87 -0.47 3.65 3.50 2.63 2.59 46.82 21
456 338.17 -0.47 3.64 2.70 2.84 2.33 42.97 17
458 338.11 -0.46 3.64 4.67 3.00 3.09 65.79 30
459 338.93 -0.42 3.63 4.40 2.19 2.65 51.21 22
464 338.41 -0.40 3.62 3.43 2.33 2.39 43.00 18
466 338.86 -0.50 3.62 4.56 2.46 2.82 59.96 25
467 338.64 -0.45 3.62 2.01 3.10 2.03 29.45 13
469 338.62 -0.44 3.62 2.80 2.32 2.33 40.72 17
472 338.38 -0.41 3.61 3.10 2.22 2.39 40.07 18
474 338.38 -0.40 3.60 8.46 1.77 3.52 85.07 39
476 338.43 -0.41 3.59 2.82 2.19 2.33 38.70 17
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
481 338.25 -0.42 3.59 6.31 4.20 2.88 51.53 26
482 338.73 -0.47 3.59 3.65 2.43 2.03 30.09 13
483 338.18 -0.46 3.58 3.29 2.87 2.26 39.31 16
484 339.09 -0.41 3.58 6.07 2.06 2.99 66.74 28
485 338.85 -0.47 3.58 1.73 2.72 1.87 27.13 11
487 338.28 -0.43 3.58 4.09 1.68 2.39 41.53 18
488 338.25 -0.44 3.58 7.14 5.04 3.19 78.22 32
494 338.63 -0.46 3.56 2.64 3.38 2.52 43.19 20
497 338.88 -0.54 3.56 2.31 1.74 1.87 25.55 11
499 338.32 -0.41 3.55 3.74 2.00 2.39 45.00 18
503 339.09 -0.41 3.53 3.84 1.94 2.46 44.86 19
504 338.16 -0.48 3.53 6.17 3.02 3.19 69.67 32
505 338.62 -0.45 3.53 4.27 6.16 3.19 64.71 32
508 338.26 -0.44 3.52 2.63 5.68 2.99 60.92 28
509 338.93 -0.42 3.52 3.87 2.86 2.52 41.61 20
510 338.39 -0.40 3.52 4.35 2.13 2.39 38.16 18
511 338.32 -0.42 3.52 3.86 2.65 2.19 33.45 15
512 338.15 -0.48 3.51 2.03 2.86 2.03 29.11 13
515 338.72 -0.46 3.51 2.39 3.91 2.52 47.61 20
516 338.84 -0.45 3.50 7.58 3.22 3.57 92.03 40
519 339.02 -0.40 3.50 2.39 1.71 1.87 26.38 11
525 338.31 -0.50 3.48 3.09 3.07 2.26 33.52 16
526 338.09 -0.46 3.48 3.13 1.74 2.11 32.44 14
527 338.21 -0.47 3.48 3.10 4.38 3.04 63.24 29
530 338.93 -0.49 3.47 3.38 2.63 2.46 43.78 19
534 338.15 -0.49 3.46 2.34 1.94 1.87 27.83 11
541 338.23 -0.49 3.45 2.19 2.79 2.26 35.14 16
548 338.32 -0.42 3.44 6.93 2.16 2.88 62.58 26
549 338.93 -0.49 3.44 2.35 3.64 2.19 34.08 15
551 339.08 -0.41 3.43 2.53 2.37 2.19 33.81 15
552 338.11 -0.48 3.43 2.75 2.52 2.39 41.90 18
555 338.42 -0.42 3.43 3.61 2.05 2.19 34.05 15
556 338.55 -0.42 3.43 5.50 6.00 2.93 49.09 27
558 338.93 -0.50 3.41 3.18 2.20 2.19 34.37 15
559 338.87 -0.48 3.41 1.92 3.23 2.19 33.82 15
563 338.41 -0.41 3.41 1.97 2.45 2.03 29.67 13
565 338.42 -0.41 3.40 4.76 6.13 3.34 71.32 35
569 338.15 -0.48 3.39 5.04 2.66 2.71 50.21 23
573 338.10 -0.46 3.38 2.86 1.95 2.19 35.27 15
575 338.96 -0.43 3.37 4.13 2.74 2.65 52.43 22
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
576 338.75 -0.46 3.37 2.31 3.18 2.26 38.80 16
581 338.28 -0.43 3.36 3.05 2.02 2.26 37.93 16
583 338.85 -0.45 3.36 3.12 1.62 1.87 25.73 11
584 338.93 -0.42 3.35 2.38 2.02 1.87 25.95 11
588 338.94 -0.48 3.35 3.08 3.71 2.82 55.20 25
593 339.03 -0.40 3.34 2.37 2.50 2.11 32.78 14
594 338.26 -0.43 3.34 3.57 2.11 2.39 41.79 18
595 338.24 -0.37 3.34 3.32 3.32 2.52 45.93 20
598 338.78 -0.45 3.34 2.18 2.80 2.03 29.06 13
605 338.25 -0.42 3.31 3.13 2.21 1.95 25.39 12
606 338.73 -0.46 3.30 2.62 2.71 2.26 35.77 16
608 338.65 -0.45 3.30 3.57 2.30 2.26 38.13 16
613 338.87 -0.48 3.30 2.60 1.69 1.87 24.71 11
616 338.65 -0.45 3.29 3.46 3.37 2.46 47.44 19
618 338.20 -0.47 3.29 2.53 3.00 2.46 39.80 19
620 338.09 -0.46 3.29 1.82 2.79 1.95 26.62 12
622 338.64 -0.45 3.28 2.54 3.15 2.52 46.68 20
623 338.30 -0.48 3.28 2.60 2.90 2.33 36.33 17
626 338.32 -0.42 3.27 1.61 4.58 2.33 42.92 17
627 338.09 -0.43 3.27 2.32 2.30 1.95 28.44 12
628 338.31 -0.42 3.27 2.62 2.46 2.11 32.06 14
632 338.67 -0.46 3.26 3.29 2.19 2.26 32.28 16
634 338.77 -0.46 3.26 3.01 4.47 2.93 61.89 27
636 338.13 -0.45 3.26 1.85 3.80 2.26 36.59 16
639 338.74 -0.47 3.25 3.64 4.05 2.76 55.48 24
641 338.82 -0.47 3.25 1.83 4.12 1.95 24.01 12
650 338.33 -0.41 3.23 3.26 2.43 2.11 31.07 14
654 338.76 -0.46 3.23 3.67 5.64 2.65 42.56 22
657 338.82 -0.46 3.22 2.36 3.43 2.19 33.18 15
662 338.89 -0.44 3.21 2.99 2.63 2.26 35.37 16
664 339.04 -0.43 3.21 3.53 1.70 2.19 29.72 15
670 338.19 -0.47 3.20 4.98 2.81 2.82 50.91 25
671 338.77 -0.46 3.20 4.11 3.46 2.93 53.53 27
672 338.92 -0.50 3.20 2.43 1.75 1.87 24.94 11
676 338.31 -0.42 3.19 2.05 2.11 1.87 24.23 11
677 338.30 -0.52 3.19 3.17 1.82 2.19 32.27 15
681 338.93 -0.42 3.18 2.06 2.65 1.95 26.58 12
689 338.94 -0.42 3.17 2.46 3.88 1.95 24.56 12
695 338.15 -0.49 3.17 1.87 2.40 1.87 23.86 11
700 338.81 -0.46 3.15 5.73 4.56 2.93 50.88 27
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
705 338.25 -0.44 3.14 2.55 3.53 2.11 27.85 14
706 338.63 -0.46 3.14 4.05 2.33 2.71 55.49 23
709 338.15 -0.48 3.14 2.35 2.85 1.87 26.52 11
714 338.11 -0.45 3.13 3.05 2.41 2.33 35.36 17
724 338.38 -0.40 3.10 3.01 2.46 2.26 34.84 16
730 338.94 -0.42 3.10 3.94 2.95 2.76 49.44 24
736 338.31 -0.42 3.09 4.75 1.54 2.19 36.73 15
738 338.09 -0.44 3.08 2.19 2.36 2.03 27.83 13
743 338.09 -0.43 3.04 1.58 4.01 2.19 31.44 15
747 338.32 -0.50 3.04 3.21 2.91 2.59 45.57 21
756 338.87 -0.49 3.03 1.79 3.62 2.26 33.49 16
757 339.10 -0.41 3.02 3.32 2.94 2.19 30.79 15
761 339.00 -0.41 3.01 2.80 2.12 2.11 28.16 14
762 338.39 -0.41 3.01 3.81 4.05 2.59 44.03 21
766 338.92 -0.51 3.00 2.51 4.78 2.93 58.06 27
767 338.32 -0.44 3.00 2.55 3.28 2.19 31.35 15
771 338.45 -0.42 2.99 4.15 4.00 2.71 43.32 23
780 338.93 -0.49 2.98 4.18 8.68 3.14 67.19 31
786 338.26 -0.43 2.97 4.00 4.10 2.71 48.26 23
787 338.91 -0.53 2.97 3.53 2.00 2.19 30.76 15
789 338.12 -0.50 2.96 2.54 2.13 2.11 29.34 14
790 338.37 -0.40 2.96 3.62 3.54 2.71 47.90 23
793 339.01 -0.40 2.96 2.62 7.07 2.82 48.46 25
794 338.14 -0.48 2.96 5.21 3.54 2.71 41.30 23
795 338.18 -0.46 2.96 3.52 1.74 2.11 27.88 14
796 338.64 -0.45 2.96 2.71 2.31 1.95 26.54 12
800 338.71 -0.47 2.95 2.10 2.36 1.95 26.85 12
801 338.95 -0.42 2.95 4.03 3.81 3.29 73.55 34
803 338.28 -0.43 2.95 4.34 2.31 2.52 38.05 20
805 338.52 -0.43 2.94 2.01 3.06 2.19 31.25 15
806 338.42 -0.41 2.94 2.43 2.17 2.03 25.85 13
809 338.63 -0.45 2.94 3.87 3.45 2.65 42.43 22
812 338.94 -0.49 2.94 2.39 2.75 2.26 33.87 16
819 338.11 -0.45 2.92 3.38 2.40 2.33 32.89 17
821 338.32 -0.41 2.92 2.78 4.96 2.52 37.38 20
822 338.55 -0.42 2.92 2.01 3.45 2.33 35.02 17
823 339.00 -0.40 2.92 2.54 3.53 2.52 39.96 20
824 338.09 -0.46 2.92 2.71 2.71 2.39 38.23 18
825 339.00 -0.41 2.92 2.37 2.88 1.95 25.02 12
826 338.86 -0.50 2.92 2.80 2.03 2.19 30.56 15

Continued on next page



134 Appendix A. Appendix to Chapter 2

Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
833 338.09 -0.44 2.91 2.07 3.41 2.03 25.15 13
835 338.85 -0.47 2.90 3.57 3.08 2.39 36.98 18
841 338.39 -0.40 2.90 3.31 3.20 2.52 41.88 20
843 338.41 -0.42 2.89 2.30 1.81 1.87 23.09 11
848 338.34 -0.41 2.89 3.28 1.57 2.03 26.28 13
851 338.09 -0.43 2.88 1.56 3.19 1.87 22.86 11
855 338.47 -0.42 2.88 3.92 2.29 2.39 39.05 18
860 338.91 -0.44 2.87 2.76 1.97 2.03 25.09 13
862 338.48 -0.43 2.87 1.82 3.44 2.03 24.75 13
868 339.00 -0.41 2.86 2.94 2.47 2.19 30.87 15
873 338.77 -0.46 2.86 4.29 2.22 2.59 44.53 21
875 338.78 -0.45 2.86 2.38 3.50 2.11 27.94 14
881 338.39 -0.41 2.85 4.44 3.62 2.99 56.27 28
882 338.41 -0.40 2.85 2.22 3.04 2.33 35.67 17
886 338.96 -0.41 2.84 2.74 2.40 2.03 26.13 13
889 339.07 -0.41 2.84 3.20 2.86 2.19 30.98 15
894 338.86 -0.50 2.83 2.99 1.41 1.87 23.21 11
896 338.13 -0.46 2.83 3.60 2.03 2.03 25.17 13
897 338.73 -0.47 2.82 2.46 3.07 2.26 30.70 16
898 338.38 -0.39 2.82 6.66 3.16 3.34 65.60 35
900 338.93 -0.48 2.82 2.71 2.23 2.11 29.19 14
909 338.35 -0.41 2.80 5.46 1.97 2.76 47.88 24
912 338.09 -0.44 2.80 1.64 3.50 2.03 25.88 13
921 338.33 -0.51 2.78 5.40 2.97 2.59 37.55 21
922 338.14 -0.48 2.78 2.09 3.20 2.19 29.89 15
923 339.04 -0.42 2.78 4.01 1.68 2.11 28.54 14
924 338.82 -0.45 2.78 2.70 3.66 2.59 39.57 21
927 338.31 -0.43 2.78 2.18 3.32 2.26 33.61 16
930 338.08 -0.42 2.77 2.29 2.81 2.03 26.13 13
931 338.93 -0.50 2.77 4.96 1.52 2.26 30.70 16
933 338.83 -0.46 2.77 2.47 3.37 2.59 41.85 21
934 338.32 -0.42 2.77 1.97 4.12 2.33 36.09 17
936 338.08 -0.45 2.76 1.66 2.60 1.87 21.71 11
939 338.19 -0.48 2.76 1.74 2.69 1.87 23.72 11
940 338.85 -0.47 2.76 2.98 3.87 2.39 37.16 18
941 338.18 -0.47 2.76 2.46 2.66 2.26 30.54 16
944 338.83 -0.45 2.75 6.34 7.60 3.74 85.64 44
949 338.82 -0.46 2.74 3.20 2.57 2.39 37.41 18
950 338.10 -0.46 2.74 3.28 2.50 2.33 36.22 17
953 338.78 -0.46 2.74 4.17 2.04 2.46 38.05 19
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
954 338.40 -0.40 2.74 6.99 3.35 2.99 47.57 28
956 338.81 -0.48 2.73 5.81 5.17 2.93 52.59 27
963 338.41 -0.41 2.73 2.17 2.39 1.87 21.75 11
970 338.69 -0.49 2.72 1.49 4.69 2.11 26.56 14
973 338.41 -0.40 2.72 1.57 3.93 2.11 26.85 14
980 338.37 -0.40 2.70 2.67 3.47 2.03 25.73 13
981 338.20 -0.47 2.70 3.26 5.64 2.65 44.85 22
987 338.31 -0.50 2.69 2.55 2.70 2.26 30.31 16
994 338.37 -0.40 2.69 2.56 4.04 2.19 30.63 15
1002 338.09 -0.46 2.68 4.93 2.33 2.39 35.03 18
1005 338.93 -0.48 2.68 2.58 2.44 2.19 29.21 15
1009 338.86 -0.47 2.68 2.71 3.94 2.26 29.48 16
1011 339.03 -0.40 2.67 2.44 3.07 2.26 31.96 16
1016 338.94 -0.42 2.66 3.65 3.96 2.82 49.61 25
1022 338.11 -0.47 2.65 1.75 3.64 2.26 32.96 16
1025 338.32 -0.40 2.65 5.67 3.46 2.59 40.37 21
1027 338.76 -0.46 2.64 2.44 2.77 2.19 28.37 15
1031 338.08 -0.42 2.63 4.11 3.86 2.03 24.55 13
1032 338.31 -0.52 2.63 2.77 1.89 2.03 26.27 13
1033 338.93 -0.47 2.63 3.04 3.09 2.26 28.61 16
1037 338.92 -0.47 2.63 3.53 2.26 2.11 25.46 14
1040 338.65 -0.46 2.62 1.73 3.97 2.11 25.92 14
1046 338.31 -0.40 2.62 4.60 2.31 2.65 39.79 22
1049 338.23 -0.46 2.61 2.09 2.92 2.19 27.37 15
1051 338.39 -0.40 2.61 2.43 2.66 1.95 21.65 12
1053 338.42 -0.41 2.60 2.34 2.28 1.95 22.77 12
1056 338.78 -0.50 2.60 4.00 2.24 2.46 36.40 19
1058 338.73 -0.48 2.60 2.31 2.08 1.87 20.14 11
1059 338.86 -0.49 2.60 2.60 3.83 2.33 32.30 17
1061 339.03 -0.42 2.59 2.68 3.08 2.26 30.22 16
1062 338.82 -0.45 2.59 3.55 2.87 2.39 36.06 18
1072 338.32 -0.51 2.57 6.73 3.80 2.65 39.47 22
1074 338.82 -0.48 2.57 2.42 3.00 2.33 33.41 17
1075 338.18 -0.46 2.57 2.87 2.45 2.03 23.19 13
1077 338.18 -0.47 2.57 1.88 3.66 2.03 22.67 13
1079 338.92 -0.52 2.56 2.09 6.18 2.59 38.36 21
1089 338.93 -0.50 2.54 2.79 1.70 1.95 22.25 12
1098 338.08 -0.42 2.53 2.58 4.52 2.52 37.33 20
1099 338.32 -0.51 2.53 6.36 2.29 2.39 31.33 18
1100 338.92 -0.49 2.53 4.13 2.46 2.65 40.62 22
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
1103 338.78 -0.47 2.53 1.82 2.66 1.95 23.11 12
1107 338.19 -0.47 2.52 4.23 4.07 2.46 35.50 19
1109 338.68 -0.46 2.52 3.00 3.41 2.59 37.29 21
1110 338.66 -0.46 2.52 2.36 3.03 2.33 30.75 17
1111 338.23 -0.54 2.51 2.72 2.88 2.33 31.96 17
1112 338.92 -0.49 2.51 3.51 1.76 2.19 29.06 15
1115 338.75 -0.47 2.51 2.49 3.75 2.19 27.81 15
1118 338.96 -0.44 2.50 2.76 2.17 1.87 20.08 11
1122 338.35 -0.41 2.50 3.72 3.95 2.33 31.33 17
1132 338.11 -0.47 2.48 3.15 1.93 1.95 22.37 12
1140 339.03 -0.40 2.47 2.94 4.73 2.33 28.47 17
1144 338.68 -0.48 2.46 2.10 2.74 2.03 23.67 13
1154 338.76 -0.48 2.45 3.15 2.07 2.03 23.77 13
1155 339.01 -0.41 2.45 3.40 2.87 2.03 23.04 13
1157 338.42 -0.41 2.45 3.02 2.06 2.11 24.91 14
1163 338.86 -0.48 2.44 3.54 3.71 2.52 34.61 20
1164 338.33 -0.51 2.44 2.79 1.77 1.95 21.37 12
1166 338.79 -0.45 2.44 3.51 2.96 2.26 29.53 16
1167 338.65 -0.45 2.44 2.83 4.72 2.52 37.71 20
1170 338.32 -0.40 2.44 3.62 2.71 2.46 34.45 19
1174 338.31 -0.41 2.43 1.76 3.56 2.11 25.21 14
1186 338.93 -0.44 2.41 2.16 2.09 1.87 20.10 11
1193 338.41 -0.43 2.40 2.91 4.72 2.76 43.26 24
1199 338.43 -0.41 2.38 3.00 2.42 2.26 28.97 16
1201 338.13 -0.47 2.38 2.13 3.51 2.26 29.05 16
1203 338.29 -0.46 2.38 2.15 2.94 1.87 19.95 11
1204 338.75 -0.50 2.38 2.94 1.66 1.95 22.68 12
1205 338.81 -0.47 2.38 4.46 2.38 2.33 28.46 17
1206 338.80 -0.46 2.38 4.55 1.80 2.11 23.51 14
1210 338.39 -0.41 2.37 2.82 1.63 1.87 19.66 11
1211 338.31 -0.44 2.37 2.29 3.39 2.19 28.20 15
1216 338.34 -0.50 2.36 1.40 3.81 1.95 23.55 12
1226 338.64 -0.44 2.34 2.71 1.73 1.95 21.87 12
1242 338.07 -0.43 2.33 4.49 4.30 2.59 37.37 21
1246 338.84 -0.48 2.32 1.62 2.74 1.87 19.24 11
1248 339.04 -0.41 2.32 1.74 2.79 1.95 21.91 12
1249 338.25 -0.44 2.32 2.62 3.13 2.03 22.78 13
1251 339.02 -0.40 2.32 3.15 4.01 2.39 31.33 18
1252 339.00 -0.41 2.32 3.96 1.93 2.11 25.44 14
1258 338.12 -0.47 2.31 2.82 2.50 2.19 25.60 15
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
1259 338.69 -0.48 2.31 1.80 2.68 1.87 18.46 11
1261 338.20 -0.48 2.31 2.76 7.84 2.39 30.11 18
1262 338.70 -0.46 2.31 4.21 3.62 1.95 20.75 12
1266 338.69 -0.46 2.30 3.16 1.71 1.95 22.74 12
1271 338.11 -0.46 2.30 3.51 1.85 2.03 23.63 13
1275 338.16 -0.47 2.29 1.88 2.94 2.03 23.12 13
1278 338.75 -0.50 2.29 2.67 9.65 3.04 48.86 29
1281 338.75 -0.46 2.29 2.75 2.76 2.26 29.68 16
1288 338.68 -0.46 2.28 3.35 1.92 2.19 26.11 15
1289 338.94 -0.48 2.28 5.99 1.85 2.19 25.31 15
1290 339.03 -0.40 2.27 3.28 2.19 2.11 23.38 14
1293 338.92 -0.43 2.27 6.72 4.35 2.76 42.14 24
1307 338.08 -0.44 2.24 5.37 1.44 2.03 23.45 13
1309 338.28 -0.43 2.24 3.77 1.77 2.03 22.34 13
1312 338.21 -0.49 2.24 2.75 2.46 1.87 20.47 11
1314 338.59 -0.45 2.23 3.06 4.20 2.26 27.29 16
1315 338.39 -0.40 2.23 3.21 2.08 2.03 22.14 13
1318 338.77 -0.47 2.23 4.02 2.83 2.03 20.97 13
1322 338.80 -0.48 2.22 4.08 1.91 2.19 26.50 15
1324 339.06 -0.42 2.22 1.77 2.95 2.03 22.86 13
1325 338.82 -0.47 2.22 4.72 1.58 2.03 23.03 13
1336 338.24 -0.46 2.21 3.37 2.03 2.11 23.68 14
1341 338.24 -0.45 2.20 2.75 6.28 2.59 35.06 21
1343 338.33 -0.54 2.19 2.78 3.55 1.95 21.35 12
1346 338.61 -0.44 2.19 2.50 2.28 1.87 18.92 11
1348 338.31 -0.49 2.19 2.14 5.71 2.39 29.30 18
1351 338.90 -0.43 2.18 2.04 2.78 1.87 18.29 11
1357 339.06 -0.41 2.18 2.29 2.16 1.95 21.11 12
1359 338.58 -0.45 2.17 1.87 4.60 2.46 31.17 19
1361 339.05 -0.41 2.17 2.60 2.69 2.03 22.80 13
1363 338.55 -0.42 2.17 1.68 2.79 1.87 19.69 11
1364 338.97 -0.41 2.17 2.00 3.08 1.87 19.79 11
1365 338.93 -0.49 2.17 5.81 11.05 2.88 44.12 26
1366 338.52 -0.43 2.17 1.89 2.52 1.95 21.52 12
1375 338.11 -0.46 2.16 3.46 4.06 2.19 26.28 15
1380 338.51 -0.41 2.15 5.56 2.41 2.52 32.87 20
1382 338.21 -0.48 2.15 2.33 3.05 1.95 20.87 12
1384 338.31 -0.46 2.14 2.61 2.04 1.87 18.32 11
1386 338.61 -0.45 2.14 1.82 2.42 1.87 19.15 11
1392 338.21 -0.46 2.13 7.33 1.18 2.52 33.94 20
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Table A.2 – Continued from previous page
ID l b N(H2)peak FWHMx FWHMy R N(H2)tot Npix

[◦] [◦] [ 1
cm2 ] pix pix pix [ 1

cm2 ]
1396 338.18 -0.49 2.12 2.00 2.43 1.87 18.83 11
1399 338.39 -0.40 2.12 2.20 2.23 1.87 18.85 11
1400 338.93 -0.48 2.12 3.15 2.78 1.87 18.96 11
1405 338.12 -0.46 2.11 2.77 2.00 1.87 19.07 11
1408 338.13 -0.49 2.10 7.10 5.57 2.46 31.00 19
1411 339.02 -0.40 2.10 8.15 3.09 2.93 44.73 27
1419 338.72 -0.46 2.08 2.14 3.05 2.11 24.18 14
1421 339.09 -0.41 2.08 6.14 1.73 2.03 22.01 13
1426 338.66 -0.45 2.07 3.70 1.57 1.95 18.95 12
1428 339.05 -0.41 2.07 4.41 1.95 2.33 28.24 17
1438 338.76 -0.46 2.05 2.26 2.87 1.87 19.42 11
1442 338.12 -0.50 2.05 2.24 2.15 1.87 18.54 11
1444 338.80 -0.48 2.04 3.64 2.13 1.87 18.07 11
1454 338.93 -0.50 2.03 4.36 5.94 2.76 39.36 24
1460 338.93 -0.48 2.02 2.78 1.75 1.87 18.35 11
1464 338.95 -0.42 2.01 5.24 3.37 2.59 34.32 21
1466 339.10 -0.41 2.01 2.80 3.20 1.87 17.33 11
1473 338.24 -0.45 2.00 2.75 2.79 1.95 20.27 12
1474 338.92 -0.50 1.99 3.29 1.73 1.87 18.02 11
1475 338.63 -0.46 1.99 1.68 3.27 1.87 19.41 11
1478 338.75 -0.48 1.98 3.83 4.53 2.19 25.00 15
1485 338.92 -0.47 1.97 2.21 2.50 1.95 19.61 12
1492 338.25 -0.41 1.95 1.55 4.60 1.95 18.79 12
1495 338.91 -0.45 1.94 5.13 1.67 2.11 22.28 14
1513 338.79 -0.50 1.90 3.47 3.03 1.95 18.84 12
1515 338.68 -0.46 1.89 3.22 2.39 1.95 18.85 12
1517 338.16 -0.48 1.89 3.66 2.43 1.87 18.60 11
1522 338.97 -0.41 1.86 3.08 2.27 1.87 17.50 11
1527 338.83 -0.46 1.85 3.54 4.50 1.95 19.37 12
1535 338.61 -0.45 1.79 2.29 3.22 1.87 17.12 11
1538 338.80 -0.48 1.77 3.13 2.48 1.87 17.05 11
1539 338.79 -0.47 1.76 4.52 1.12 1.87 17.07 11
1540 338.09 -0.43 1.76 4.58 3.86 1.95 17.82 12
1546 338.80 -0.49 1.73 5.75 1.51 2.11 20.86 14
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Figure A.6: Half-power ellipses of 16 GCSC ATLASGAL sources (black) overlaid on
combined NIR and MIR extinction maps. The crosses mark the position of substruc-
tures detected on a scale-map (s = 2) by the clumpfind-2D algorithm within the AT-
LASGAL sources. The white lines indicate the contours of the ATLASGAL emission.





Appendix B

Appendix to Chapter 5

B.1 Tables of Filament properties



142
A
p
p
en

d
ix

B
.
A
p
p
en

d
ix

to
C
h
ap

ter
5

Table B.1: Measured parameters of all filaments.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G000.615-00.448_0 0.61 -0.45 full. cor. 1 15.69 15.75 0.56 7.18 0.84 0.95 0.5 1.19 1.16
G000.675+00.310_0 0.67 0.31 part. cor. 1 136.44 - 1.33 0.0 1.72 1.73 - 3.79 -
G000.914+00.308_0 0.91 0.31 part. cor. 1 174.07 173.73 1.99 0.0 1.94 1.95 - 4.46 4.88
G001.717+00.359_0 1.72 0.36 part. cor. 3 3.07 2.34 0.36 0.53 0.79 0.92 0.46 1.24 0.81
G001.717+00.359_1 1.72 0.36 part. cor. 3 8.93 - 0.44 1.19 0.97 1.07 0.61 1.76 -
G001.717+00.359_2 1.72 0.36 part. cor. 3 -17.3 - 3.17 0.0 1.73 1.74 - 4.65 -
G002.128+00.295_0 2.13 0.3 full. cor. 1 3.86 2.85 0.36 1.66 1.13 1.23 0.71 1.98 -
G002.210-00.049_0 2.21 -0.05 part. cor. 2 11.27 8.39 2.05 0.0 2.77 2.77 - 5.62 5.95
G002.210-00.049_1 2.21 -0.05 part. cor. 2 127.35 126.52 1.42 0.0 1.72 1.73 - 3.03 3.81
G002.370+00.069_0 2.37 0.07 dif. comp. 3 1.21 0.45 0.5 0.0 0.79 0.81 - 1.05 1.03
G002.370+00.069_1 2.37 0.07 full. cor. 3 7.56 7.67 0.89 1.36 1.38 1.41 0.64 2.17 2.18
G002.370+00.069_2 2.37 0.07 part. cor. 3 15.97 15.61 0.24 0.0 0.98 1.0 - 1.53 1.31
G002.420+00.205_0 2.42 0.21 part. cor. 1 6.68 7.05 0.75 2.5 0.91 1.1 0.71 2.14 2.05
G002.476-00.120_0 2.48 -0.12 part. cor. 2 6.99 6.28 1.13 0.0 1.31 1.33 - 2.56 2.75
G002.476-00.120_1 2.48 -0.12 part. cor. 2 14.93 13.99 0.84 0.0 0.94 0.97 - 1.83 -
G002.585-00.000_0 2.59 -0.0 part. cor. 2 -5.58 -5.49 0.76 1.59 1.13 1.17 1.0 1.7 1.62
G002.585-00.000_1 2.59 -0.0 dif. comp. 2 5.5 - 0.58 0.0 1.38 1.4 - 2.31 -
G002.687+00.106_0 2.69 0.11 full. cor. 1 10.68 9.69 1.35 4.43 1.25 2.01 0.64 3.98 -
G003.321-00.097_0 3.32 -0.1 part. cor. 2 3.61 3.69 0.81 0.54 1.27 1.34 0.7 1.91 1.68
G003.321-00.097_1 3.32 -0.1 part. cor. 2 10.24 9.79 1.13 3.48 1.35 1.56 1.15 2.09 1.45
G003.387+00.185_0 3.39 0.18 part. cor. 1 66.94 72.73 1.98 0.0 1.96 1.97 - 5.85 9.2
G003.446-00.223_0 3.45 -0.22 part. cor. 1 -23.25 -22.61 0.93 0.0 0.95 0.97 - 1.6 -
G003.456+00.006_0 3.46 0.01 full. cor. 1 5.11 5.07 0.62 2.17 1.05 1.33 0.61 1.94 -
G004.180-00.010_0 4.18 -0.01 part. cor. 3 6.22 5.23 0.53 1.6 0.69 0.76 0.5 1.46 1.24
G004.180-00.010_1 4.18 -0.01 full. cor. 3 14.61 14.51 1.03 3.66 1.27 1.37 0.57 2.13 2.46
G004.180-00.010_2 4.18 -0.01 part. cor. 3 27.11 26.08 0.78 9.62 0.99 1.21 0.85 1.66 -
G004.583-00.109_0 4.58 -0.11 part. cor. 2 13.79 13.71 0.74 4.35 1.2 1.39 0.59 2.2 1.73
G004.583-00.109_1 4.58 -0.11 part. cor. 2 25.1 23.24 1.55 0.0 1.32 1.33 - 2.33 -
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G004.705+00.001_0 4.7 0.0 full. cor. 1 10.32 10.54 0.52 5.03 1.74 2.81 0.58 3.24 2.2
G004.711-00.440_0 4.71 -0.44 full. cor. 1 5.91 5.47 0.24 1.52 0.7 0.76 0.41 0.98 0.99
G004.794-00.284_0 4.79 -0.28 full. cor. 2 6.77 6.67 0.25 0.0 0.74 0.77 - 1.07 0.73
G004.794-00.284_1 4.79 -0.28 part. cor. 2 12.15 11.76 0.37 0.0 1.05 1.07 - 1.4 1.11
G004.950-00.076_0 4.95 -0.08 full. cor. 1 11.01 11.33 0.73 3.3 1.13 1.23 1.02 1.95 1.09
G005.101-00.104_0 5.1 -0.1 full. cor. 1 45.0 44.99 0.81 16.57 1.07 1.21 0.7 1.61 1.66
G005.357+00.101_0 5.36 0.1 full. cor. 1 10.98 11.18 0.82 5.21 0.75 1.13 0.58 2.13 1.17
G005.454+00.167_0 5.45 0.17 full. cor. 1 12.92 13.24 0.32 0.0 1.09 1.11 - 1.6 1.7
G005.704-00.306_0 5.7 -0.31 full. cor. 1 7.54 7.41 0.28 0.0 1.27 1.29 - 1.45 1.15
G005.912+00.283_0 5.91 0.28 part. cor. 1 57.99 - 1.93 0.0 1.52 1.54 - 3.27 -
G005.930-00.095_0 5.93 -0.09 part. cor. 1 15.3 15.78 0.26 3.95 0.7 0.74 0.58 0.92 0.61
G006.589-00.106_0 6.59 -0.11 part. cor. 2 5.05 6.37 0.78 0.42 1.13 1.19 0.78 1.57 1.38
G006.589-00.106_1 6.59 -0.11 part. cor. 2 15.35 15.46 2.55 5.55 1.71 1.96 1.09 3.6 2.99
G006.849+00.151_0 6.85 0.15 part. cor. 2 18.46 18.48 0.76 0.0 1.04 1.06 - 2.07 2.02
G006.849+00.151_1 6.85 0.15 part. cor. 2 -17.1 -16.98 0.86 0.0 1.12 1.14 - 1.75 2.34
G007.250-00.120_0 7.25 -0.12 part. cor. 2 18.21 18.68 0.37 2.5 0.86 0.9 0.68 0.96 0.27
G007.250-00.120_1 7.25 -0.12 part. cor. 2 22.76 22.85 0.63 10.2 1.02 1.28 0.62 1.57 1.34
G008.000-00.272_0 8.0 -0.27 full. cor. 1 40.72 40.56 0.48 15.76 1.01 1.5 0.88 1.71 1.22
G008.255+00.165_0 8.25 0.16 full. cor. 1 18.87 19.03 0.27 0.34 0.79 1.36 0.71 1.41 1.21
G008.800-00.359_0 8.8 -0.36 full. cor. 2 38.18 38.35 0.64 18.79 1.15 1.45 0.66 1.77 0.61
G008.800-00.359_1 8.8 -0.36 part. cor. 2 20.21 20.15 0.36 7.51 0.85 0.94 0.55 1.29 1.47
G008.914-00.318_0 8.91 -0.32 full. cor. 1 38.03 38.1 0.49 19.21 1.06 1.3 0.63 1.56 -
G009.230+00.157_0 9.23 0.16 full. cor. 1 16.97 17.22 0.35 4.59 0.7 1.04 0.61 1.14 0.89
G009.280-00.152_0 9.28 -0.15 full. cor. 1 40.97 41.75 0.28 0.29 0.74 1.36 0.64 1.56 -
G009.970-00.024_0 9.97 -0.02 part. cor. 3 49.46 48.9 0.83 21.86 1.12 1.43 0.83 2.25 1.43
G009.970-00.024_1 9.97 -0.02 part. cor. 3 11.12 10.87 0.44 0.0 1.21 1.23 - 2.03 2.53
G009.970-00.024_2 9.97 -0.02 dif. comp. 3 17.51 15.94 0.36 0.0 0.67 0.7 - 1.13 -
G010.531-00.024_0 10.53 -0.02 part. cor. 1 69.23 69.18 1.51 18.22 1.53 1.63 0.98 2.68 2.75
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G010.682-00.161_0 10.68 -0.16 full. cor. 4 29.52 29.75 0.78 14.62 1.73 2.23 0.87 2.83 1.96
G010.682-00.161_1 10.68 -0.16 dif. comp. 4 42.6 - 0.87 0.0 0.95 0.97 - 2.16 -
G010.682-00.161_2 10.68 -0.16 part. cor. 4 51.4 51.9 0.41 17.38 0.97 1.25 0.75 1.31 -
G010.682-00.161_3 10.68 -0.16 dif. comp. 4 -8.08 - 3.32 0.0 0.85 0.88 - 3.88 -
G010.694+00.034_0 10.69 0.03 part. cor. 3 18.92 19.07 0.79 5.3 1.36 1.6 0.6 2.13 2.28
G010.694+00.034_1 10.69 0.03 full. cor. 3 30.81 31.21 2.24 9.87 2.34 2.52 0.81 3.77 3.74
G010.694+00.034_2 10.69 0.03 part. cor. 3 39.19 - 0.43 0.0 0.97 0.99 - 1.15 -
G010.809-00.393_0 10.81 -0.39 part. cor. 2 -0.26 -1.13 0.9 0.54 1.31 1.42 1.01 1.96 1.98
G010.809-00.393_1 10.81 -0.39 part. cor. 2 30.82 29.2 0.47 0.0 0.98 1.0 - 1.78 -
G010.878-00.468_0 10.88 -0.47 part. cor. 2 32.77 33.07 0.63 9.55 1.45 1.65 0.6 2.97 0.86
G010.878-00.468_1 10.88 -0.47 part. cor. 2 -0.63 0.06 1.65 0.17 1.21 1.26 0.61 2.08 1.99
G010.971-00.363_0 10.97 -0.36 full. cor. 2 -1.01 -0.94 0.71 0.29 1.32 1.39 0.67 1.69 1.24
G010.971-00.363_1 10.97 -0.36 part. cor. 2 33.91 34.53 0.6 0.0 1.61 1.63 - 2.42 2.05
G011.046-00.069_0 11.05 -0.07 dif. comp. 3 10.99 8.69 0.63 0.68 1.07 1.09 0.46 1.89 -
G011.046-00.069_1 11.05 -0.07 part. cor. 3 19.72 21.03 1.83 4.65 1.24 1.44 0.76 2.53 2.15
G011.046-00.069_2 11.05 -0.07 full. cor. 3 30.0 30.01 1.06 14.75 1.06 1.35 0.68 1.93 1.71
G011.612-00.383_0 11.61 -0.38 full. cor. 1 30.64 30.43 0.3 0.0 1.83 1.84 - 2.48 2.12
G012.405-00.138_0 12.41 -0.14 full. cor. 2 33.61 33.75 0.39 11.92 1.14 1.25 0.57 1.35 1.22
G012.405-00.138_1 12.41 -0.14 part. cor. 2 120.88 120.44 0.53 0.0 0.81 0.84 - 1.1 1.12
G012.529-00.314_0 12.53 -0.31 full. cor. 3 34.8 34.68 0.5 14.83 1.08 1.2 0.81 1.4 0.59
G012.529-00.314_1 12.53 -0.31 dif. comp. 3 40.27 40.49 0.53 0.0 0.58 0.61 - 0.93 0.93
G012.529-00.314_2 12.53 -0.31 dif. comp. 3 9.82 8.16 0.73 0.0 1.25 1.26 - 2.23 -
G012.543+00.011_0 12.54 0.01 part. cor. 2 45.69 45.49 0.44 8.38 1.27 1.32 0.8 2.06 1.42
G012.543+00.011_1 12.54 0.01 part. cor. 2 34.49 - 0.21 0.0 0.8 0.83 - 1.17 -
G012.543-00.092_0 12.54 -0.09 part. cor. 3 36.46 36.61 0.85 0.0 1.24 1.26 - 1.93 2.59
G012.543-00.092_1 12.54 -0.09 full. cor. 3 50.96 51.02 0.83 5.42 1.27 1.32 0.39 2.42 2.84
G012.543-00.092_2 12.54 -0.09 dif. comp. 3 21.5 21.15 1.1 0.0 1.06 1.08 - 1.77 -
G012.595+00.116_0 12.59 0.12 part. cor. 1 56.98 57.18 0.68 20.0 0.88 0.98 0.75 1.28 0.96
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G012.893+00.496_0 12.89 0.5 full. cor. 2 32.72 32.7 0.58 5.12 0.96 1.49 0.96 1.77 1.04
G012.893+00.496_1 12.89 0.5 full. cor. 2 18.39 19.06 0.45 0.0 0.86 0.89 - 1.05 -
G013.220+00.164_0 13.22 0.16 full. cor. 2 53.81 54.21 0.33 0.0 1.21 1.23 - 1.57 1.6
G013.220+00.164_1 13.22 0.16 part. cor. 2 17.92 18.55 0.82 0.0 1.21 1.23 - 2.26 2.53
G013.282-00.316_0 13.28 -0.32 full. cor. 2 39.44 40.1 0.89 19.77 1.87 2.2 0.8 3.14 2.53
G013.282-00.316_1 13.28 -0.32 part. cor. 2 17.53 18.22 1.45 3.91 2.08 2.19 0.5 3.46 2.43
G013.313+00.193_0 13.31 0.19 full. cor. 2 18.16 18.27 0.58 8.22 0.85 0.95 0.61 1.13 0.7
G013.313+00.193_1 13.31 0.19 part. cor. 2 53.13 54.95 0.37 8.89 0.84 0.9 0.66 1.27 -
G013.460+00.171_0 13.46 0.17 full. cor. 1 18.16 18.08 0.29 4.64 1.1 1.15 0.62 1.23 -
G013.700-00.072_0 13.7 -0.07 part. cor. 1 47.89 47.21 0.98 23.35 0.88 1.19 0.74 1.65 1.11
G013.893-00.129_0 13.89 -0.13 full. cor. 2 39.12 38.95 0.49 19.67 1.39 1.7 0.7 1.81 1.33
G013.893-00.129_1 13.89 -0.13 part. cor. 2 17.56 16.99 0.75 8.19 1.32 1.62 0.99 2.09 2.1
G014.005+00.311_0 14.01 0.31 full. cor. 1 46.14 45.3 0.77 12.36 1.16 1.25 0.58 1.86 1.83
G014.117-00.392_0 14.12 -0.39 full. cor. 2 38.38 38.03 0.6 15.46 1.68 1.78 0.68 2.45 1.33
G014.117-00.392_1 14.12 -0.39 full. cor. 2 20.83 - 0.64 0.0 1.67 1.69 - 2.61 -
G014.627-00.123_0 14.63 -0.12 full. cor. 1 40.59 40.46 0.65 19.94 1.55 1.76 0.87 2.28 2.07
G014.789-00.478_0 14.79 -0.48 full. cor. 1 22.0 21.15 0.67 8.88 1.11 1.25 0.4 1.72 1.37
G014.919-00.065_0 14.92 -0.06 full. cor. 1 28.3 28.44 0.75 0.0 1.31 1.33 - 2.52 2.12
G015.611-00.476_0 15.61 -0.48 full. cor. 2 16.21 15.91 1.05 7.41 0.63 0.72 0.63 1.27 1.25
G015.611-00.476_1 15.61 -0.48 part. cor. 2 -4.2 - 0.78 0.0 1.14 1.16 - 1.66 -
G015.653-00.224_0 15.65 -0.22 full. cor. 1 57.4 57.5 0.69 24.27 0.61 0.77 0.59 1.04 0.7
G016.609-00.069_0 16.61 -0.07 part. cor. 2 59.06 59.22 0.94 22.42 0.79 1.0 0.71 1.54 1.25
G016.609-00.069_1 16.61 -0.07 part. cor. 2 41.25 40.82 1.01 14.72 0.96 1.26 0.71 2.72 1.17
G016.661+00.121_0 16.66 0.12 full. cor. 1 15.23 15.21 0.28 5.42 0.64 0.7 0.55 0.8 0.5
G016.700-00.235_0 16.7 -0.24 part. cor. 2 55.93 56.71 0.61 8.44 0.89 0.92 0.69 1.44 -
G016.700-00.235_1 16.7 -0.24 part. cor. 2 28.4 28.12 1.1 0.0 1.17 1.19 - 1.89 1.63
G016.757+00.013_0 16.76 0.01 full. cor. 1 33.99 34.96 0.6 6.31 1.33 1.37 0.84 2.23 -
G016.919+00.275_0 16.92 0.27 full. cor. 1 24.3 24.34 0.3 8.62 1.13 1.39 0.76 1.4 1.14
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G016.929-00.082_0 16.93 -0.08 full. cor. 2 40.85 40.86 0.32 14.5 0.72 0.81 0.48 1.02 0.37
G016.929-00.082_1 16.93 -0.08 dif. comp. 2 -4.42 -4.91 0.98 0.0 1.13 1.15 - 1.54 2.03
G016.998+00.280_0 17.0 0.28 full. cor. 1 23.35 23.66 0.67 10.71 1.32 1.67 0.52 1.84 1.68
G301.638-00.239_0 301.64 -0.24 full. cor. 1 -37.2 -37.34 0.5 12.09 0.96 1.34 0.66 1.41 0.6
G305.560-00.003_0 305.56 -0.0 full. cor. 1 -38.53 -38.11 1.26 15.3 1.39 1.66 1.0 2.1 1.76
G309.161-00.358_0 309.16 -0.36 full. cor. 1 -41.7 -41.43 0.3 6.8 1.02 1.65 0.85 2.01 1.67
G313.703-00.181_0 313.7 -0.18 full. cor. 1 -44.49 -44.38 0.9 1.36 1.04 1.75 0.88 2.06 2.14
G313.717+00.103_0 313.72 0.1 part. cor. 3 -55.82 -56.33 0.65 27.19 0.75 0.97 0.63 1.11 0.87
G313.717+00.103_1 313.72 0.1 dif. comp. 3 -50.55 -49.07 0.27 0.0 0.76 0.78 - 0.99 -
G313.717+00.103_2 313.72 0.1 full. cor. 3 -44.87 -44.83 0.19 22.4 0.79 1.1 0.57 1.1 0.76
G314.219+00.266_0 314.22 0.27 full. cor. 1 -60.53 -60.7 1.36 11.61 1.31 1.95 1.04 2.43 2.5
G314.284+00.100_0 314.28 0.1 full. cor. 2 -56.6 -56.2 0.48 25.54 1.17 1.33 0.76 1.47 0.96
G314.284+00.100_1 314.28 0.1 full. cor. 2 -50.3 -50.24 0.85 17.16 1.1 1.86 1.01 2.14 1.62
G317.386+00.113_0 317.39 0.11 full. cor. 1 -43.42 -43.27 1.66 13.37 1.45 1.98 1.0 2.71 2.67
G317.889-00.256_0 317.89 -0.26 full. cor. 1 -36.53 -35.99 0.65 12.09 1.31 1.77 1.04 1.96 1.68
G320.240+00.027_0 320.24 0.03 full. cor. 1 -9.88 -10.4 0.5 4.36 1.37 1.64 0.76 1.75 1.4
G320.243+00.406_0 320.24 0.41 part. cor. 1 -32.72 -32.4 0.37 16.01 0.83 0.98 0.84 1.22 0.93
G320.270-00.299_0 320.27 -0.3 full. cor. 1 -65.81 -65.6 1.01 30.69 1.34 1.7 1.01 2.09 1.46
G320.883-00.392_0 320.88 -0.39 full. cor. 1 -45.1 -45.08 0.46 6.77 0.84 1.33 0.81 1.54 1.2
G323.179+00.149_0 323.18 0.15 full. cor. 1 -65.96 -65.91 0.73 25.98 0.83 1.18 0.81 1.39 1.31
G323.929+00.036_0 323.93 0.04 full. cor. 1 -57.18 -57.23 0.64 24.27 1.69 1.78 0.73 2.23 2.02
G326.552+00.165_0 326.55 0.16 full. cor. 1 -74.69 -74.51 0.74 37.17 1.36 1.6 0.92 1.91 1.28
G326.586+00.050_0 326.59 0.05 full. cor. 1 -75.73 -75.55 0.49 0.0 1.25 1.27 - 1.73 -
G326.722-00.099_0 326.72 -0.1 full. cor. 1 -58.65 -57.08 1.23 13.52 1.73 1.79 0.79 2.74 0.9
G326.790-00.119_0 326.79 -0.12 full. cor. 1 -56.53 -56.27 0.52 25.21 1.29 1.76 0.87 1.97 1.18
G327.036-00.408_0 327.04 -0.41 full. cor. 1 -63.89 -63.57 0.84 26.58 1.09 1.56 0.74 1.97 1.25
G327.042-00.169_0 327.04 -0.17 full. cor. 1 -60.1 -60.55 0.63 26.22 1.47 1.63 0.69 1.94 1.33
G327.157-00.256_0 327.16 -0.26 full. cor. 1 -61.49 -61.52 1.33 24.59 1.59 2.23 0.94 2.85 2.52
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G327.258-00.420_0 327.26 -0.42 full. cor. 1 -48.01 -48.14 0.45 23.36 1.18 1.34 0.72 1.43 1.54
G327.396+00.452_0 327.4 0.45 full. cor. 1 -79.89 -79.35 0.48 38.14 1.44 1.75 1.04 2.29 1.85
G327.870+00.157_0 327.87 0.16 part. cor. 2 -92.65 -92.01 1.76 37.96 1.13 1.33 1.04 2.32 1.88
G327.870+00.157_1 327.87 0.16 dif. comp. 2 -50.25 -49.27 0.92 14.87 1.02 1.36 0.59 2.13 2.19
G327.884+00.002_0 327.88 0.0 full. cor. 2 -97.17 -96.4 0.55 18.94 1.17 1.2 0.95 1.5 1.13
G327.884+00.002_1 327.88 0.0 part. cor. 2 -49.48 -48.14 0.51 0.0 0.78 0.81 - 0.86 -
G327.981-00.101_0 327.98 -0.1 full. cor. 1 -48.87 -48.63 0.85 20.19 1.49 1.78 0.86 2.22 2.11
G328.627+00.063_0 328.63 0.06 part. cor. 2 -85.69 - 0.28 0.0 0.81 0.84 - 1.06 -
G328.627+00.063_1 328.63 0.06 part. cor. 2 -56.59 - 0.48 0.0 1.07 1.09 - 1.6 -
G328.773+00.304_0 328.77 0.3 full. cor. 2 -101.44 -101.79 0.57 41.63 1.35 1.54 0.59 1.8 1.3
G328.773+00.304_1 328.77 0.3 dif. comp. 2 -86.01 - 0.2 0.0 0.75 0.78 - 1.31 -
G328.940+00.277_0 328.94 0.28 full. cor. 1 -88.82 -89.06 0.54 0.0 1.4 1.42 - 1.65 0.99
G330.348-00.122_0 330.35 -0.12 part. cor. 1 -95.97 -95.96 0.64 0.0 1.42 1.43 - 1.87 1.88
G330.760-00.306_0 330.76 -0.31 full. cor. 2 -63.07 -63.32 0.67 29.64 1.51 1.78 0.93 1.99 1.29
G330.760-00.306_1 330.76 -0.31 part. cor. 2 -53.2 -54.38 0.64 0.0 0.94 0.96 - 1.96 1.88
G330.973+00.076_0 330.97 0.08 part. cor. 3 -50.47 -50.37 0.59 12.48 1.11 1.23 0.64 1.67 0.94
G330.973+00.076_1 330.97 0.08 part. cor. 3 -61.5 -59.71 0.63 7.58 1.12 1.18 0.52 1.76 -
G330.973+00.076_2 330.97 0.08 part. cor. 3 -32.91 -33.82 0.38 5.56 0.75 0.81 0.65 0.87 -
G330.986+00.337_0 330.99 0.34 full. cor. 1 -55.7 -55.69 0.38 27.43 0.93 1.18 0.77 1.28 0.87
G331.533+00.241_0 331.53 0.24 dif. comp. 3 -62.31 - 0.31 0.0 1.04 1.06 - 1.43 -
G331.533+00.241_1 331.53 0.24 part. cor. 3 -55.63 -55.99 1.2 22.38 1.08 1.32 0.56 1.88 1.58
G331.533+00.241_2 331.53 0.24 part. cor. 3 -92.3 -92.12 0.56 15.41 1.13 1.2 0.53 1.63 1.46
G331.670-00.272_0 331.67 -0.27 full. cor. 3 -48.12 -48.17 0.67 15.48 0.66 0.93 0.64 1.18 1.06
G331.670-00.272_1 331.67 -0.27 dif. comp. 3 -99.78 -97.94 0.71 0.0 0.91 0.93 - 1.39 -
G331.670-00.272_2 331.67 -0.27 part. cor. 3 -94.07 -94.29 0.82 0.0 1.25 1.26 - 1.85 1.77
G331.973-00.378_0 331.97 -0.38 full. cor. 1 -60.3 -60.44 0.81 30.0 1.0 1.25 0.7 1.5 1.41
G332.000+00.011_0 332.0 0.01 full. cor. 2 -55.08 -54.18 1.68 8.97 2.32 2.4 0.52 3.6 2.38
G332.000+00.011_1 332.0 0.01 part. cor. 2 -87.04 -87.77 0.91 0.0 1.59 1.6 - 2.63 2.63
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G332.370-00.080_0 332.37 -0.08 dif. comp. 3 -58.92 -58.31 0.63 0.0 0.98 1.0 - 1.31 0.06
G332.370-00.080_1 332.37 -0.08 full. cor. 3 -48.2 -48.12 2.06 23.57 1.18 1.51 0.83 3.15 2.92
G332.370-00.080_2 332.37 -0.08 dif. comp. 3 -87.66 -88.02 1.57 16.15 1.27 1.39 0.76 2.71 2.53
G332.610+00.052_0 332.61 0.05 full. cor. 1 -94.91 -95.27 0.97 29.09 1.24 1.33 0.69 2.27 1.62
G332.852-00.214_0 332.85 -0.21 full. cor. 1 -42.06 -42.19 0.63 16.28 1.36 1.45 0.81 1.89 1.93
G333.007+00.452_0 333.01 0.45 full. cor. 1 -47.14 - 0.86 0.0 1.28 1.3 - 2.28 -
G333.063+00.181_0 333.06 0.18 full. cor. 1 -51.13 -50.78 1.06 21.78 1.94 2.2 0.96 3.23 2.87
G333.202-00.250_0 333.2 -0.25 part. cor. 3 -54.86 -55.42 1.37 0.0 0.97 0.99 - 1.67 1.63
G333.202-00.250_1 333.2 -0.25 part. cor. 3 -48.23 -49.39 2.03 0.0 1.13 1.15 - 2.5 1.48
G333.202-00.250_2 333.2 -0.25 part. cor. 3 -38.5 - 1.22 0.0 0.87 0.89 - 1.87 -
G333.297+00.073_0 333.3 0.07 full. cor. 2 -48.32 -48.42 1.09 23.89 1.59 1.85 1.01 2.38 1.67
G333.297+00.073_1 333.3 0.07 part. cor. 2 -70.21 -70.54 0.72 18.21 1.21 1.34 0.78 1.75 1.0
G333.481+00.165_0 333.48 0.16 full. cor. 1 -103.6 -103.82 0.29 30.98 0.84 0.88 0.79 0.88 0.91
G333.722+00.361_0 333.72 0.36 full. cor. 1 -33.99 -33.96 0.6 7.1 0.81 1.16 0.78 1.39 1.12
G333.868-00.312_0 333.87 -0.31 full. cor. 1 -46.4 -45.11 1.49 20.98 2.49 3.19 0.92 3.91 3.44
G333.899-00.106_0 333.9 -0.11 part. cor. 2 -93.62 -93.46 0.25 19.82 0.8 0.86 0.49 1.16 1.36
G333.899-00.106_1 333.9 -0.11 part. cor. 2 -41.82 -39.96 1.2 9.21 1.56 1.79 1.04 2.96 2.49
G333.985+00.224_0 333.98 0.22 part. cor. 5 -83.25 -82.64 0.38 12.38 0.76 0.8 0.31 1.22 1.1
G333.985+00.224_1 333.98 0.22 part. cor. 5 -48.13 - 1.04 9.73 0.97 1.02 0.44 1.77 -
G333.985+00.224_2 333.98 0.22 dif. comp. 5 -42.14 - 0.45 0.0 0.8 0.82 - 1.33 -
G333.985+00.224_3 333.98 0.22 part. cor. 5 -60.19 -60.08 1.9 16.15 1.02 1.1 0.54 2.09 1.93
G333.985+00.224_4 333.98 0.22 dif. comp. 5 -93.89 - 1.18 0.0 1.06 1.08 - 3.07 -
G333.992+00.058_0 333.99 0.06 full. cor. 3 -86.06 -86.01 0.68 24.2 1.78 1.89 0.7 2.86 2.73
G333.992+00.058_1 333.99 0.06 part. cor. 3 -44.96 -45.34 1.49 11.23 1.34 1.4 0.59 3.15 2.66
G333.992+00.058_2 333.99 0.06 part. cor. 3 -60.56 -60.18 0.8 18.22 0.9 1.03 0.75 1.28 0.99
G334.056+00.489_0 334.06 0.49 full. cor. 1 -59.72 -60.27 0.59 0.0 1.66 1.68 - 2.52 0.84
G334.070-00.257_0 334.07 -0.26 part. cor. 2 -48.76 -48.16 0.31 0.0 0.95 0.98 - 1.39 1.0
G334.070-00.257_1 334.07 -0.26 part. cor. 2 -43.63 -42.7 0.49 0.0 1.17 1.19 - 1.9 2.27
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G334.202+00.156_0 334.2 0.16 full. cor. 2 -89.28 -88.54 0.83 29.13 1.83 1.96 0.61 2.86 2.39
G334.202+00.156_1 334.2 0.16 part. cor. 2 -40.47 -39.8 1.08 0.0 1.36 1.37 - 2.47 2.58
G334.267-00.107_0 334.27 -0.11 full. cor. 2 -86.23 -86.01 0.85 9.93 1.21 1.24 0.67 1.75 1.17
G334.267-00.107_1 334.27 -0.11 part. cor. 2 -32.07 -32.8 1.5 3.61 1.29 1.34 0.74 2.58 -
G334.442+00.050_0 334.44 0.05 part. cor. 3 -90.46 -91.13 0.47 36.5 0.84 1.04 0.6 1.8 1.26
G334.442+00.050_1 334.44 0.05 part. cor. 3 -106.95 -108.36 1.36 0.0 1.16 1.18 - 1.97 -
G334.442+00.050_2 334.44 0.05 part. cor. 3 -70.86 -71.56 1.13 0.0 0.94 0.97 - 2.36 2.57
G334.617-00.270_0 334.62 -0.27 full. cor. 1 -46.18 -45.46 0.67 22.15 1.33 1.78 0.71 2.24 0.9
G334.640+00.426_0 334.64 0.43 full. cor. 1 -64.73 -64.55 0.39 31.84 1.02 1.24 0.81 1.52 0.82
G334.684+00.024_0 334.68 0.02 part. cor. 3 -32.05 -31.71 0.83 7.0 0.89 0.95 0.56 1.49 1.37
G334.684+00.024_1 334.68 0.02 dif. comp. 3 -27.49 - 0.11 0.0 0.65 0.68 - 0.67 -
G334.684+00.024_2 334.68 0.02 dif. comp. 3 -85.75 - 0.51 0.0 0.82 0.84 - 1.28 -
G334.840-00.196_0 334.84 -0.2 part. cor. 2 -43.77 -44.07 1.17 17.4 1.09 1.27 0.55 2.19 1.67
G334.840-00.196_1 334.84 -0.2 part. cor. 2 -27.81 -28.41 0.84 0.0 1.18 1.2 - 1.56 1.51
G335.008-00.268_0 335.01 -0.27 part. cor. 2 -27.06 -25.39 1.74 3.02 1.46 1.5 0.36 2.57 1.92
G335.008-00.268_1 335.01 -0.27 part. cor. 2 -18.75 -18.83 1.34 0.0 1.14 1.16 - 1.84 1.76
G335.083+00.065_0 335.08 0.07 part. cor. 1 -73.22 -74.25 0.79 0.0 1.11 1.13 - 1.86 0.57
G335.251-00.033_0 335.25 -0.03 full. cor. 1 -44.47 -44.59 0.43 10.95 1.02 1.07 0.65 1.75 1.72
G335.814+00.061_0 335.81 0.06 part. cor. 1 -89.59 -88.06 0.74 0.0 0.83 0.85 - 1.38 -
G336.060+00.040_0 336.06 0.04 part. cor. 1 -118.02 -118.41 0.52 38.31 0.98 1.1 0.53 1.41 -
G336.062-00.271_0 336.06 -0.27 full. cor. 1 -39.23 -39.52 0.43 12.74 0.8 0.88 0.7 1.11 1.03
G336.194-00.457_0 336.19 -0.46 full. cor. 1 -87.77 -87.82 0.22 26.29 0.88 0.94 0.63 1.2 0.88
G336.248+00.310_0 336.25 0.31 part. cor. 2 -73.37 -72.87 1.5 10.76 1.01 1.07 0.64 1.85 1.94
G336.248+00.310_1 336.25 0.31 part. cor. 2 -44.94 -45.01 0.6 14.29 0.75 1.05 0.52 1.41 0.96
G336.376+00.204_0 336.38 0.2 full. cor. 2 -45.82 -46.26 0.88 7.58 1.07 1.1 0.72 1.8 1.51
G336.376+00.204_1 336.38 0.2 dif. comp. 2 -68.41 -68.73 1.05 12.53 0.97 1.07 0.7 1.78 1.65
G336.391+00.012_0 336.39 0.01 part. cor. 2 -128.65 -128.26 1.21 40.86 1.36 1.48 1.36 2.24 2.0
G336.391+00.012_1 336.39 0.01 dif. comp. 2 -39.03 - 0.39 3.38 0.89 0.98 0.45 2.14 -
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G336.846+00.282_0 336.85 0.28 part. cor. 2 -77.16 -78.1 1.43 16.6 1.45 1.5 0.57 2.77 2.48
G336.846+00.282_1 336.85 0.28 part. cor. 2 -66.88 -67.05 0.76 22.57 0.92 1.13 0.72 1.33 1.01
G337.148-00.387_0 337.15 -0.39 full. cor. 2 -20.68 -20.61 0.65 0.0 0.74 0.77 - 1.17 1.29
G337.148-00.387_1 337.15 -0.39 part. cor. 2 -40.45 -41.11 0.52 6.81 0.87 0.94 0.72 1.2 0.86
G337.409-00.400_0 337.41 -0.4 part. cor. 2 -41.24 -41.42 0.48 20.23 1.01 1.26 1.1 1.78 1.37
G337.409-00.400_1 337.41 -0.4 dif. comp. 2 -54.26 - 0.21 10.05 0.7 0.77 0.51 0.78 -
G337.744-00.346_0 337.74 -0.35 full. cor. 1 -41.56 -41.58 0.6 19.85 0.99 1.22 0.72 1.69 1.16
G337.850+00.087_0 337.85 0.09 full. cor. 1 -54.82 -53.84 1.85 14.01 3.09 3.15 0.51 5.7 6.23
G338.181-00.477_0 338.18 -0.48 full. cor. 1 -36.88 -36.5 0.78 13.93 1.41 1.55 0.59 2.28 1.73
G338.279-00.295_0 338.28 -0.29 part. cor. 2 -13.54 -13.91 0.99 4.41 1.43 1.61 0.71 2.78 2.92
G338.279-00.295_1 338.28 -0.29 part. cor. 2 -122.35 -121.63 0.46 0.0 1.13 1.15 - 1.33 1.62
G338.291-00.119_0 338.29 -0.12 part. cor. 2 -91.93 -92.07 0.33 15.36 0.88 0.93 0.54 1.01 0.96
G338.291-00.119_1 338.29 -0.12 part. cor. 2 -116.16 -117.14 1.16 0.0 1.27 1.29 - 2.25 2.27
G338.528+00.214_0 338.53 0.21 part. cor. 1 -36.06 -35.78 0.64 12.04 1.34 1.48 0.86 2.12 2.11
G338.680-00.455_0 338.68 -0.45 full. cor. 2 -38.02 -39.32 0.37 13.01 1.17 1.28 0.62 2.17 -
G338.680-00.455_1 338.68 -0.45 part. cor. 2 -46.93 - 0.49 5.2 1.01 1.06 0.62 1.3 -
G338.708-00.328_0 338.71 -0.33 full. cor. 2 -45.24 -43.78 0.57 12.56 1.04 1.11 0.65 1.89 1.14
G338.708-00.328_1 338.71 -0.33 full. cor. 2 -31.77 -31.63 0.63 12.4 1.27 1.46 0.59 2.05 1.34
G338.749+00.159_0 338.75 0.16 full. cor. 1 -33.31 -34.75 0.74 15.59 1.79 1.99 1.0 2.92 -
G338.773+00.492_0 338.77 0.49 full. cor. 1 -62.87 -63.13 0.85 23.46 1.5 2.14 1.03 2.49 1.99
G338.806+00.111_0 338.81 0.11 full. cor. 1 -33.54 -34.6 0.68 9.56 1.7 1.84 0.67 2.66 -
G338.941-00.058_0 338.94 -0.06 part. cor. 2 -55.67 -56.54 0.84 12.33 0.92 0.96 0.76 1.42 -
G338.941-00.058_1 338.94 -0.06 part. cor. 2 -44.83 -45.54 1.37 22.96 1.23 1.6 1.0 2.6 2.02
G338.953+00.278_0 338.95 0.28 full. cor. 2 -55.15 -55.67 0.59 17.77 0.8 0.88 0.57 1.12 -
G338.953+00.278_1 338.95 0.28 part. cor. 2 -25.92 -25.32 1.14 3.48 1.31 1.32 0.42 2.46 2.23
G338.993+00.110_0 338.99 0.11 part. cor. 1 -28.15 -25.66 1.46 0.0 1.31 1.33 - 2.58 -
G339.077+00.153_0 339.08 0.15 part. cor. 2 -79.91 -79.84 1.27 33.74 1.31 1.5 1.03 2.28 2.49
G339.077+00.153_1 339.08 0.15 dif. comp. 2 -26.26 -22.5 1.55 0.0 1.15 1.17 - 2.7 -
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G339.113-00.203_0 339.11 -0.2 full. cor. 3 -117.57 -117.98 1.59 38.08 1.38 1.57 0.73 2.6 2.34
G339.113-00.203_1 339.11 -0.2 part. cor. 3 -30.48 -30.66 0.71 4.0 1.02 1.05 0.69 1.72 1.66
G339.113-00.203_2 339.11 -0.2 part. cor. 3 -42.98 -43.04 0.31 13.21 0.98 1.1 0.69 1.28 1.37
G339.116-00.405_0 339.12 -0.41 full. cor. 1 -37.2 -37.35 0.78 16.3 1.05 1.4 0.7 1.73 1.73
G339.260+00.117_0 339.26 0.12 part. cor. 1 -72.43 -72.56 1.15 35.35 1.12 1.3 0.97 1.93 1.86
G339.385-00.414_0 339.38 -0.41 full. cor. 1 -38.69 -38.86 0.35 17.96 1.0 1.18 0.63 1.28 1.03
G339.586-00.119_0 339.59 -0.12 full. cor. 2 -33.49 -33.94 1.35 13.95 1.3 2.01 0.89 2.78 2.19
G339.586-00.119_1 339.59 -0.12 part. cor. 2 -23.07 -23.82 1.09 2.82 1.11 1.14 0.96 1.93 1.02
G339.692+00.291_0 339.69 0.29 part. cor. 1 -92.69 -92.75 0.51 33.77 1.13 1.22 0.92 1.55 1.53
G339.988-00.165_0 339.99 -0.16 full. cor. 2 -51.65 -51.69 0.8 22.57 1.28 1.68 0.83 2.02 2.0
G339.988-00.165_1 339.99 -0.16 part. cor. 2 -36.58 -36.05 0.45 4.75 0.86 0.88 0.59 1.17 0.79
G340.301-00.387_0 340.3 -0.39 full. cor. 3 -48.24 -48.04 1.77 19.32 1.58 2.65 1.12 3.85 3.4
G340.301-00.387_1 340.3 -0.39 dif. comp. 3 -122.84 -122.58 1.6 0.0 1.13 1.15 - 2.18 2.21
G340.301-00.387_2 340.3 -0.39 dif. comp. 3 -91.41 -91.75 0.65 0.0 1.02 1.04 - 1.44 1.6
G340.316+00.079_0 340.32 0.08 part. cor. 2 -111.48 -111.5 1.44 53.62 0.83 1.01 0.67 1.74 1.9
G340.316+00.079_1 340.32 0.08 dif. comp. 2 -28.75 -28.58 0.36 0.0 1.05 1.08 - 1.62 1.85
G340.482-00.306_0 340.48 -0.31 part. cor. 3 -88.7 -88.84 0.44 40.35 0.83 1.14 0.66 1.28 1.07
G340.482-00.306_1 340.48 -0.31 part. cor. 3 -45.58 -45.78 0.71 0.0 1.78 1.79 - 2.4 1.97
G340.482-00.306_2 340.48 -0.31 part. cor. 3 -39.19 -38.55 0.39 11.57 1.19 1.32 0.62 1.59 1.63
G340.511-00.471_0 340.51 -0.47 full. cor. 1 -43.75 -43.09 1.18 18.62 1.85 2.04 0.86 2.52 1.5
G340.630-00.093_0 340.63 -0.09 part. cor. 3 -101.52 - 0.73 0.0 0.87 0.89 - 1.23 -
G340.630-00.093_1 340.63 -0.09 part. cor. 3 -48.1 - 1.34 0.0 1.71 1.73 - 2.41 -
G340.630-00.093_2 340.63 -0.09 part. cor. 3 -38.23 - 0.68 0.0 1.66 1.67 - 2.88 -
G340.981-00.013_0 340.98 -0.01 full. cor. 4 -47.06 -46.86 0.4 0.0 1.08 1.1 - 1.23 1.09
G340.981-00.013_1 340.98 -0.01 part. cor. 4 -40.29 -39.66 0.61 12.38 0.77 0.84 0.52 1.21 -
G340.981-00.013_2 340.98 -0.01 part. cor. 4 -32.25 -31.44 0.61 3.88 0.93 0.98 0.57 1.3 -
G340.981-00.013_3 340.98 -0.01 part. cor. 4 -27.51 -28.6 0.65 0.0 1.07 1.1 - 1.69 0.68
G341.244-00.265_0 341.24 -0.27 full. cor. 1 -43.55 -43.41 0.77 13.58 1.37 2.35 1.02 2.84 2.4
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G341.415+00.244_0 341.42 0.24 full. cor. 3 -37.04 -37.51 0.23 13.61 1.01 1.1 0.6 1.3 -
G341.415+00.244_1 341.42 0.24 full. cor. 3 -24.03 -25.5 1.2 0.0 1.87 1.89 - 2.83 -
G341.415+00.244_2 341.42 0.24 part. cor. 3 -76.96 -78.13 0.41 15.5 0.81 0.86 0.5 1.09 -
G341.674+00.184_0 341.67 0.18 part. cor. 2 -15.77 -16.91 1.65 5.92 1.19 1.3 0.77 2.21 1.12
G341.674+00.184_1 341.67 0.18 part. cor. 2 -74.79 - 0.35 0.0 1.05 1.07 - 1.42 -
G341.938+00.054_0 341.94 0.05 full. cor. 2 -121.32 -121.24 0.65 31.92 0.83 0.88 0.6 1.11 -
G341.938+00.054_1 341.94 0.05 part. cor. 2 -22.61 -21.44 0.26 0.0 0.83 0.85 - 1.46 -
G342.100+00.399_0 342.1 0.4 part. cor. 7 -119.73 -119.75 0.56 50.34 0.88 1.16 0.73 1.37 1.19
G342.100+00.399_1 342.1 0.4 dif. comp. 7 -84.23 -83.93 0.56 0.0 0.63 0.66 - 0.98 0.78
G342.100+00.399_2 342.1 0.4 dif. comp. 7 -77.6 -77.38 0.62 14.7 1.15 1.21 0.71 1.61 1.61
G342.100+00.399_3 342.1 0.4 part. cor. 7 -71.36 -71.13 0.93 32.7 1.31 1.7 1.06 2.16 1.99
G342.100+00.399_4 342.1 0.4 dif. comp. 7 -25.5 -25.49 0.51 4.1 1.03 1.11 0.55 1.51 0.4
G342.100+00.399_5 342.1 0.4 dif. comp. 7 -40.7 - 0.26 0.0 0.9 0.93 - 1.08 -
G342.100+00.399_6 342.1 0.4 dif. comp. 7 -19.4 - 0.36 0.0 0.45 0.5 - 0.62 -
G342.345-00.005_0 342.34 -0.01 part. cor. 1 -6.41 -6.25 0.6 2.11 1.22 1.31 0.82 1.6 1.63
G342.357+00.113_0 342.36 0.11 part. cor. 5 -93.48 -93.72 0.65 45.65 0.77 0.93 0.72 1.3 1.05
G342.357+00.113_1 342.36 0.11 dif. comp. 5 -128.8 -128.03 1.44 0.0 1.32 1.34 - 2.27 2.31
G342.357+00.113_2 342.36 0.11 part. cor. 5 -7.08 -7.76 1.51 2.3 1.14 1.4 1.24 2.01 1.65
G342.357+00.113_3 342.36 0.11 dif. comp. 5 -68.57 -69.02 1.78 0.0 1.09 1.11 - 2.38 1.97
G342.357+00.113_4 342.36 0.11 dif. comp. 5 -28.97 - 1.6 4.26 1.22 1.26 0.5 2.71 -
G342.478-00.167_0 342.48 -0.17 full. cor. 2 -24.64 -24.84 0.49 11.23 1.08 1.26 0.65 1.43 1.29
G342.478-00.167_1 342.48 -0.17 full. cor. 2 -19.66 - 0.56 0.0 0.8 0.83 - 1.03 -
G342.823+00.129_0 342.82 0.13 full. cor. 1 -24.46 -26.87 0.86 0.0 0.92 0.94 - 1.97 -
G343.579-00.170_0 343.58 -0.17 full. cor. 1 -27.53 -26.86 0.38 11.41 0.95 1.04 0.52 1.64 0.96
G343.776-00.149_0 343.78 -0.15 full. cor. 1 -26.74 -26.29 2.26 13.13 1.12 1.62 0.79 3.32 3.12
G343.908+00.113_0 343.91 0.11 part. cor. 1 9.4 9.23 1.1 1.24 1.28 1.32 0.6 1.77 1.73
G343.998-00.143_0 344.0 -0.14 part. cor. 1 -21.73 -22.73 0.28 0.0 0.96 0.99 - 1.69 1.1
G344.043-00.373_0 344.04 -0.37 full. cor. 1 -87.92 -87.77 0.6 43.91 0.93 1.13 0.63 1.34 0.97
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G344.340-00.227_0 344.34 -0.23 full. cor. 1 -85.75 -85.8 1.07 42.56 0.89 1.05 0.53 1.54 1.12
G344.447-00.186_0 344.45 -0.19 part. cor. 2 -86.35 -86.15 0.26 40.63 0.67 0.85 0.54 0.94 0.85
G344.447-00.186_1 344.45 -0.19 part. cor. 2 -46.42 - 0.59 0.0 0.75 0.78 - 1.87 -
G344.592-00.026_0 344.59 -0.03 part. cor. 1 -1.71 -1.87 0.39 0.3 1.55 1.63 1.18 2.03 1.73
G345.345-00.060_0 345.34 -0.06 full. cor. 2 -18.04 -18.51 0.37 0.0 0.89 0.91 - 1.48 1.95
G345.345-00.060_1 345.34 -0.06 part. cor. 2 -1.14 -0.0 0.32 0.0 0.83 0.86 - 1.31 -
G345.433-00.143_0 345.43 -0.14 full. cor. 1 -16.2 -16.37 0.96 7.58 1.13 1.37 0.76 1.71 1.55
G345.493+00.337_0 345.49 0.34 full. cor. 1 -16.89 -16.69 0.74 5.03 1.3 1.9 1.14 2.32 1.71
G345.635+00.358_0 345.64 0.36 full. cor. 1 -16.3 -16.6 0.77 8.13 1.65 2.09 0.83 2.49 2.33
G345.873+00.292_0 345.87 0.29 full. cor. 1 -15.2 -14.97 0.76 3.32 1.35 1.45 0.4 1.95 1.34
G345.879+00.021_0 345.88 0.02 part. cor. 3 -114.93 -115.01 0.62 53.56 0.7 0.93 0.59 1.12 1.11
G345.879+00.021_1 345.88 0.02 part. cor. 3 -80.76 -80.65 1.17 29.49 1.18 1.38 0.73 2.11 1.39
G345.879+00.021_2 345.88 0.02 part. cor. 3 -4.57 -4.35 0.82 1.05 1.46 1.53 1.0 2.86 2.79
G346.177+00.029_0 346.18 0.03 part. cor. 4 -77.21 -77.42 0.47 13.18 1.09 1.14 0.66 1.34 1.47
G346.177+00.029_1 346.18 0.03 part. cor. 4 -89.45 - 0.66 0.0 1.37 1.38 - 1.8 -
G346.177+00.029_2 346.18 0.03 part. cor. 4 -12.45 - 1.15 1.77 1.15 1.16 0.84 1.97 -
G346.177+00.029_3 346.18 0.03 dif. comp. 4 -99.71 -98.15 0.62 0.0 1.17 1.19 - 2.24 0.55
G346.293+00.109_0 346.29 0.11 part. cor. 3 -97.88 -97.6 0.33 48.32 1.09 1.32 0.87 1.47 1.22
G346.293+00.109_1 346.29 0.11 dif. comp. 3 -34.04 -34.29 0.83 6.41 1.14 1.22 0.51 1.57 1.64
G346.293+00.109_2 346.29 0.11 part. cor. 3 -28.13 -28.12 0.34 11.88 0.65 0.78 0.59 0.91 0.89
G346.483+00.144_0 346.48 0.14 part. cor. 1 -8.89 -8.45 0.62 3.97 1.55 1.73 1.1 1.93 1.47
G346.951-00.155_0 346.95 -0.16 part. cor. 3 -82.94 -82.55 0.61 13.7 1.01 1.07 0.51 1.31 1.45
G346.951-00.155_1 346.95 -0.16 part. cor. 3 -76.65 -77.93 1.34 0.0 1.37 1.39 - 2.06 1.77
G346.951-00.155_2 346.95 -0.16 part. cor. 3 -70.55 -70.32 0.62 0.0 1.03 1.05 - 1.46 1.19
G347.216+00.026_0 347.22 0.03 full. cor. 1 -70.43 -70.53 1.22 35.11 2.22 2.57 1.05 3.41 2.7
G347.390+00.266_0 347.39 0.27 part. cor. 3 -91.67 -92.15 1.94 0.0 1.56 1.57 - 2.76 2.65
G347.390+00.266_1 347.39 0.27 part. cor. 3 -81.8 -82.03 1.33 17.71 1.39 1.44 0.79 2.23 2.23
G347.390+00.266_2 347.39 0.27 dif. comp. 3 -64.12 - 0.22 0.0 0.85 0.88 - 1.27 -
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G347.870-00.318_0 347.87 -0.32 full. cor. 1 -94.39 -93.95 0.97 43.66 1.11 1.62 0.83 2.06 1.2
G347.894+00.035_0 347.89 0.03 part. cor. 2 -28.62 - 1.53 9.86 1.39 1.52 1.29 2.71 -
G347.894+00.035_1 347.89 0.03 dif. comp. 2 -77.96 -76.9 3.62 0.0 1.2 1.21 - 3.8 4.88
G348.034+00.439_0 348.03 0.44 full. cor. 1 -8.4 -7.35 0.4 1.32 1.22 1.26 0.49 1.47 1.08
G348.232+00.462_0 348.23 0.46 full. cor. 1 -7.4 -7.23 0.44 2.49 1.14 1.62 0.75 1.77 1.14
G348.492+00.346_0 348.49 0.35 part. cor. 2 -62.67 -62.06 0.94 25.79 1.44 1.69 0.78 2.16 -
G348.492+00.346_1 348.49 0.35 full. cor. 2 -8.3 -7.51 0.37 0.0 1.06 1.08 - 1.27 -
G349.876+00.099_0 349.88 0.1 part. cor. 3 -61.44 -61.14 1.05 12.67 1.56 1.65 0.66 2.48 2.09
G349.876+00.099_1 349.88 0.1 part. cor. 3 -108.2 -109.39 1.22 36.54 1.46 1.6 0.89 2.57 -
G349.876+00.099_2 349.88 0.1 dif. comp. 3 16.35 - 3.35 0.0 1.18 1.2 - 3.89 -
G350.299+00.237_0 350.3 0.24 part. cor. 1 -40.01 -41.35 2.23 0.0 2.11 2.12 - 5.18 5.79
G350.522-00.255_0 350.52 -0.25 full. cor. 1 -21.65 -21.81 0.59 10.75 1.56 1.84 0.79 2.1 0.99
G350.781+00.492_0 350.78 0.49 full. cor. 1 -1.63 -1.16 0.41 0.78 0.7 0.9 0.56 1.01 -
G351.022-00.343_0 351.02 -0.34 full. cor. 1 -17.49 -17.08 0.46 7.33 0.97 1.52 0.83 1.9 1.34
G351.498+00.254_0 351.5 0.25 full. cor. 1 -44.11 -43.79 1.39 0.0 1.43 1.44 - 2.29 2.14
G351.731+00.446_0 351.73 0.45 part. cor. 1 -3.26 - 0.37 0.0 0.9 0.93 - 1.01 -
G351.928-00.245_0 351.93 -0.25 part. cor. 2 -22.41 -23.15 0.61 3.8 1.22 1.26 0.7 1.91 1.71
G351.928-00.245_1 351.93 -0.25 full. cor. 2 -11.97 -12.35 0.6 5.15 1.52 1.67 0.69 2.3 2.0
G352.030+00.069_0 352.03 0.07 full. cor. 1 -4.55 -5.09 0.48 2.3 0.74 1.15 0.44 1.54 1.07
G352.062-00.257_0 352.06 -0.26 full. cor. 1 -11.32 -11.05 0.57 5.58 1.2 1.46 0.94 1.93 1.13
G352.107+00.184_0 352.11 0.18 full. cor. 3 -55.9 -56.53 1.54 25.79 1.57 1.83 1.27 3.09 2.5
G352.107+00.184_1 352.11 0.18 dif. comp. 3 -43.83 -41.95 0.86 0.0 1.63 1.64 - 2.44 1.64
G352.107+00.184_2 352.11 0.18 dif. comp. 3 -37.3 - 0.18 0.0 0.8 0.82 - 1.05 -
G352.208+00.354_0 352.21 0.35 full. cor. 1 -1.16 -1.14 0.23 0.44 0.6 0.78 0.56 0.8 0.54
G352.308-00.447_0 352.31 -0.45 full. cor. 1 -12.21 -11.86 1.3 5.94 1.19 1.67 0.98 2.4 2.1
G352.781-00.050_0 352.78 -0.05 part. cor. 1 -44.87 -44.61 0.79 0.0 1.02 1.04 - 1.74 1.34
G352.883+00.464_0 352.88 0.46 full. cor. 1 -4.11 -4.36 0.62 1.66 1.62 1.72 0.8 1.98 1.68
G353.201-00.242_0 353.2 -0.24 full. cor. 1 -17.4 -17.35 0.37 7.3 0.76 1.25 0.61 1.49 0.94
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G353.294+00.312_0 353.29 0.31 part. cor. 3 -1.09 -1.12 0.35 0.06 0.77 0.83 0.35 0.89 0.34
G353.294+00.312_1 353.29 0.31 part. cor. 3 -21.94 -22.1 0.35 0.0 0.95 0.97 - 1.11 1.32
G353.294+00.312_2 353.29 0.31 part. cor. 3 -17.05 -16.38 0.48 0.0 1.03 1.06 - 1.35 1.25
G353.389-00.340_0 353.39 -0.34 full. cor. 1 -16.95 -17.21 0.79 8.51 1.44 1.79 1.24 2.31 1.93
G353.418-00.208_0 353.42 -0.21 full. cor. 1 -82.43 -82.46 0.76 35.73 1.2 1.33 0.75 1.77 1.61
G353.477-00.160_0 353.48 -0.16 full. cor. 1 -16.29 -16.46 0.18 5.59 0.97 1.02 0.66 1.02 -
G353.564-00.464_0 353.56 -0.46 full. cor. 1 -17.01 -16.5 0.44 3.14 0.88 1.59 0.71 1.86 0.55
G353.949+00.252_0 353.95 0.25 full. cor. 1 2.78 3.21 0.33 1.46 1.01 1.25 0.61 1.51 1.05
G353.992+00.321_0 353.99 0.32 full. cor. 1 2.63 3.17 0.6 1.18 0.93 0.95 0.54 1.62 1.22
G354.991+00.421_0 354.99 0.42 part. cor. 1 96.9 95.75 2.87 0.0 2.09 2.1 - 6.2 4.75
G355.211-00.496_0 355.21 -0.5 full. cor. 1 -4.15 -4.86 0.5 2.56 1.24 1.53 0.64 1.91 1.04
G355.257-00.260_0 355.26 -0.26 full. cor. 1 -2.23 -2.09 0.46 0.67 1.15 1.65 0.93 2.02 1.43
G355.265+00.339_0 355.26 0.34 part. cor. 3 55.68 53.86 3.52 0.0 2.15 2.16 - 4.42 3.03
G355.265+00.339_1 355.26 0.34 dif. comp. 3 103.08 103.15 1.3 0.0 0.94 0.96 - 2.47 2.71
G355.265+00.339_2 355.26 0.34 dif. comp. 3 71.21 - 1.64 7.5 1.35 1.41 0.52 2.22 -
G355.564+00.279_0 355.56 0.28 full. cor. 2 -80.75 -80.53 1.06 18.57 0.84 0.9 0.48 2.23 2.69
G355.564+00.279_1 355.56 0.28 part. cor. 2 111.01 - 0.9 0.0 1.16 1.18 - 1.55 -
G355.619-00.049_0 355.62 -0.05 full. cor. 1 -19.78 -19.76 0.72 6.01 1.48 1.54 0.97 2.18 2.09
G355.635+00.302_0 355.64 0.3 part. cor. 2 111.26 111.0 0.38 17.32 0.95 0.97 0.51 1.22 1.12
G355.635+00.302_1 355.64 0.3 part. cor. 2 -71.54 -70.29 0.47 11.17 1.02 1.09 0.54 1.78 -
G355.673+00.089_0 355.67 0.09 full. cor. 2 4.15 4.17 0.42 0.91 0.83 0.86 0.71 1.23 0.95
G355.673+00.089_1 355.67 0.09 part. cor. 2 -72.38 -71.63 0.71 0.0 1.41 1.43 - 2.54 1.61
G355.742-00.252_0 355.74 -0.25 full. cor. 2 -24.6 -24.33 1.11 11.95 1.15 1.4 0.96 2.26 2.33
G355.742-00.252_1 355.74 -0.25 part. cor. 2 4.16 3.92 0.28 0.0 0.77 0.8 - 0.93 1.03
G355.743+00.135_0 355.74 0.13 part. cor. 1 17.33 16.61 0.86 2.36 1.38 1.4 0.4 2.38 -
G355.836+00.317_0 355.84 0.32 part. cor. 1 -3.19 -3.05 0.47 0.35 0.85 0.93 0.44 1.59 1.39
G355.991-00.414_0 355.99 -0.41 full. cor. 1 -0.87 -1.12 0.39 0.37 0.75 1.05 0.72 1.15 0.73
G356.416+00.088_0 356.42 0.09 full. cor. 1 -5.4 -5.38 1.03 2.93 0.97 1.22 0.64 1.91 1.78
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G356.495+00.198_0 356.5 0.2 full. cor. 1 -4.83 -4.34 0.53 1.48 0.91 1.04 0.59 1.24 0.54
G356.874-00.021_0 356.87 -0.02 full. cor. 1 -9.04 -8.92 0.92 4.22 1.14 1.31 0.61 1.87 1.8
G357.033+00.193_0 357.03 0.19 full. cor. 1 -7.97 -7.8 0.42 1.36 0.95 0.98 0.77 1.24 0.96
G357.420+00.356_0 357.42 0.36 full. cor. 1 -13.92 -13.68 0.41 0.0 0.9 0.92 - 1.07 0.69
G357.637-00.325_0 357.64 -0.33 part. cor. 3 -11.44 -10.94 1.29 0.87 1.13 1.16 0.62 2.29 2.1
G357.637-00.325_1 357.64 -0.33 dif. comp. 3 -2.97 - 0.72 0.39 0.96 1.05 0.8 1.64 -
G357.637-00.325_2 357.64 -0.33 full. cor. 3 4.38 5.09 0.7 2.27 1.38 1.73 0.9 1.81 -
G357.956-00.160_0 357.96 -0.16 part. cor. 2 -6.28 -6.29 1.22 2.14 1.83 2.12 1.21 2.81 1.65
G357.956-00.160_1 357.96 -0.16 part. cor. 2 8.12 10.18 0.63 2.95 1.09 1.37 0.56 2.12 -
G358.017-00.041_0 358.02 -0.04 full. cor. 2 9.06 8.9 1.41 3.34 1.31 1.55 0.67 2.64 2.63
G358.017-00.041_1 358.02 -0.04 part. cor. 2 -136.3 - 0.59 0.0 1.25 1.27 - 1.69 -
G358.101-00.128_0 358.1 -0.13 dif. comp. 2 -3.7 -4.18 1.09 0.83 0.94 1.03 0.71 2.18 1.47
G358.101-00.128_1 358.1 -0.13 full. cor. 2 8.11 8.4 0.73 3.4 1.42 2.09 0.92 2.31 1.91
G358.243-00.425_0 358.24 -0.43 full. cor. 2 4.25 4.43 0.93 1.49 0.91 1.41 0.86 1.77 1.32
G358.243-00.425_1 358.24 -0.43 part. cor. 2 -6.65 -6.15 0.41 0.0 1.15 1.17 - 1.69 1.83
G358.245+00.010_0 358.24 0.01 part. cor. 1 -34.78 -34.26 2.96 0.0 1.88 1.89 - 4.04 4.1
G358.377-00.211_0 358.38 -0.21 full. cor. 2 -0.57 - 1.52 0.54 1.41 1.43 0.31 2.68 -
G358.377-00.211_1 358.38 -0.21 part. cor. 2 -48.28 -50.27 2.56 10.28 2.97 3.13 0.77 5.03 5.14
G358.451-00.422_0 358.45 -0.42 full. cor. 3 -4.24 -4.34 0.63 2.04 1.19 1.57 1.14 1.95 1.67
G358.451-00.422_1 358.45 -0.42 part. cor. 3 6.17 6.23 0.46 2.93 0.8 1.14 0.77 1.52 1.54
G358.451-00.422_2 358.45 -0.42 dif. comp. 3 16.18 16.27 0.74 3.54 0.89 0.99 0.62 1.29 1.56
G359.232+00.329_0 359.23 0.33 part. cor. 1 0.68 0.17 0.34 0.0 0.84 0.87 - 1.03 -
G359.372-00.437_0 359.37 -0.44 full. cor. 1 14.28 14.26 0.26 4.9 0.6 0.98 0.48 1.07 0.43
G359.404+00.308_0 359.4 0.31 full. cor. 2 6.66 6.95 1.22 2.41 1.03 1.17 0.56 2.23 1.7
G359.404+00.308_1 359.4 0.31 dif. comp. 2 16.61 16.69 0.67 0.0 0.82 0.84 - 1.24 1.95
G359.564-00.451_0 359.56 -0.45 full. cor. 1 13.33 13.28 0.41 6.12 0.96 1.14 0.68 1.44 0.53
G359.863-00.248_0 359.86 -0.25 dif. comp. 3 -2.43 - 2.2 0.0 1.86 1.87 - 3.36 -
G359.863-00.248_1 359.86 -0.25 part. cor. 3 17.28 16.35 2.47 7.53 1.38 1.55 0.62 3.34 -
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Table B.1: Measured parameters of all filaments continued.

Filament ID ` b Status Nc vlsr(13CO) vlsr(C18O) σ(v13CO) σ(vC18O) σv σv(13CO) σv(C18O) σv,t(13CO) σv,t(C18O)
◦ ◦ km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1 km s−1

G359.863-00.248_2 359.86 -0.25 dif. comp. 3 -127.04 -130.57 2.86 0.0 2.16 2.17 - 6.06 6.46
G359.896-00.316_0 359.9 -0.32 full. cor. 1 16.16 16.32 0.6 7.12 1.04 1.4 0.79 1.78 1.53
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Table B.2: Distance dependent parameters of all filaments.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G000.615-00.448_0 - 0.11 - - - - - 351 - 1.0 0.28 0 0
G000.675+00.310_0 - 0.03 - - - - - 1397 - 0.18 0.0 0 0
G000.914+00.308_0 - 0.04 - - - - - 1769 - 0.25 0.0 0 0
G001.717+00.359_0 - 0.03 - - - - - 312 - 0.12 0.03 0 0
G001.717+00.359_1 - 0.06 - - - - - 459 - 0.18 0.02 0 0
G001.717+00.359_2 - 0.06 - - - - - 1410 - 0.22 0.0 0 0
G002.128+00.295_0 - 0.06 - - - - - 613 - 1.0 0.19 0 0
G002.210-00.049_0 - 0.04 - - - - - 3576 - 0.5 0.0 0 0
G002.210-00.049_1 - 0.04 - - - - - 1397 - 0.46 0.0 0 0
G002.370+00.069_0 - 0.02 - - - - - 307 - 0.19 0.0 0 0
G002.370+00.069_1 - 0.12 - - - - - 900 - 0.88 0.02 0 0
G002.370+00.069_2 - 0.05 - - - - - 466 - 0.4 0.0 0 0
G002.420+00.205_0 - 0.04 - - - - - 405 - 0.5 0.14 0 0
G002.476-00.120_0 - 0.06 - - - - - 824 - 0.45 0.0 0 0
G002.476-00.120_1 - 0.03 - - - - - 435 - 0.22 0.0 0 0
G002.585-00.000_0 - 0.06 - - - - - 613 - 0.56 0.08 0 0
G002.585-00.000_1 - 0.03 - - - - - 912 - 0.31 0.0 0 0
G002.687+00.106_0 - 0.14 - - - - - 752 - 0.98 0.68 0 0
G003.321-00.097_0 - 0.07 - - - - - 768 - 0.31 0.02 0 0
G003.321-00.097_1 - 0.1 - - - - - 863 - 0.36 0.12 0 0
G003.387+00.185_0 - 0.08 - - - - - 1811 - 0.22 0.0 0 0
G003.446-00.223_0 - 0.03 - - - - - 439 - 0.25 0.0 0 0
G003.456+00.006_0 - 0.12 - - - - - 535 - 0.62 0.18 0 0
G004.180-00.010_0 - 0.08 - - - - - 244 - 0.32 0.06 0 0
G004.180-00.010_1 - 0.16 - - - - - 767 - 0.7 0.05 0 0
G004.180-00.010_2 - 0.09 - - - - - 474 - 0.4 0.13 0 0
G004.583-00.109_0 - 0.11 - - - - - 695 - 0.69 0.09 0 0
G004.583-00.109_1 - 0.13 - - - - - 825 - 0.79 0.0 0 0
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G004.705+00.001_0 - 0.08 - - - - - 1423 - 1.0 0.5 0 0
G004.711-00.440_0 - 0.09 - - - - - 252 - 0.86 0.08 0 0
G004.794-00.284_0 2.9 0.06 3.07 299 5649 1065 894 274 291 0.49 0.0 0 2
G004.794-00.284_1 2.9 0.06 3.05 334 8754 1505 834 533 274 0.47 0.0 0 2
G004.950-00.076_0 2.9 0.05 2.57 280 6760 914 1774 619 689 0.83 0.08 0 2
G005.101-00.104_0 10.8 0.21 40.51 18402 76880 24043 25629 551 633 0.71 0.14 0 1
G005.357+00.101_0 2.9 0.1 5.28 720 7662 1461 4799 283 908 1.0 0.58 0 1
G005.454+00.167_0 2.9 0.05 2.77 214 3816 564 1082 572 391 1.0 0.0 0 2
G005.704-00.306_0 3.0 0.07 3.47 254 5603 954 2577 771 742 1.0 0.0 0 2
G005.912+00.283_0 - 0.04 - - - - - 1102 - 0.27 0.0 0 0
G005.930-00.095_0 3.0 0.03 1.72 348 4573 955 1018 246 592 0.43 0.07 0 2
G006.589-00.106_0 3.0 0.05 2.38 6187 27235 9665 1322 610 556 0.14 0.01 0 1
G006.589-00.106_1 3.0 0.21 10.98 6619 43684 12875 7499 1377 683 0.64 0.12 0 1
G006.849+00.151_0 3.0 0.04 1.93 536 6399 1717 891 521 462 0.42 0.0 0 2
G006.849+00.151_1 - 0.02 - - - - - 608 - 0.33 0.0 0 0
G007.250-00.120_0 3.0 0.05 2.8 2220 10619 3372 1176 366 420 0.32 0.02 0 1
G007.250-00.120_1 3.0 0.11 5.73 2455 15984 4343 3392 508 591 0.68 0.25 0 1
G008.000-00.272_0 10.9 0.09 17.26 15870 33100 16262 30342 493 1758 1.0 0.73 0 1
G008.255+00.165_0 3.0 0.13 7.05 1535 11756 4903 8897 314 1262 1.0 0.88 0 1
G008.800-00.359_0 4.4 0.22 17.07 2380 27776 9217 14098 640 826 1.0 0.39 0 1
G008.800-00.359_1 3.1 0.14 7.3 1197 14241 4700 2971 356 407 0.63 0.16 0 1
G008.914-00.318_0 4.4 0.17 13.36 2049 18719 4839 12420 539 929 1.0 0.39 0 1
G009.230+00.157_0 3.1 0.09 5.05 567 5528 1336 3958 246 784 1.0 0.77 0 1
G009.280-00.152_0 4.7 0.06 5.28 1579 9755 3464 6130 274 1161 1.0 0.8 0 1
G009.970-00.024_0 3.5 0.11 6.88 1593 16507 2535 2512 603 365 0.78 0.24 0 1
G009.970-00.024_1 3.5 0.07 4.09 1572 15282 2418 1327 698 325 0.42 0.0 0 2
G009.970-00.024_2 3.5 0.03 1.87 1446 8604 1822 530 228 283 0.22 0.0 0 2
G010.531-00.024_0 8.5 0.12 17.54 4360 48903 9008 14489 1103 826 0.98 0.07 0 1
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G010.682-00.161_0 2.9 0.28 14.04 3783 49461 13992 16062 1418 1144 1.0 0.34 0 1
G010.682-00.161_1 5.0 0.03 2.87 6010 45787 15349 896 442 312 0.11 0.0 0 1
G010.682-00.161_2 5.0 0.07 6.38 6275 51055 16800 2768 462 434 0.28 0.12 0 1
G010.682-00.161_3 5.0 0.05 4.28 5752 40890 13982 1653 360 386 0.18 0.0 0 2
G010.694+00.034_0 2.9 0.08 4.17 2733 31686 11257 2765 885 663 0.38 0.07 0 1
G010.694+00.034_1 2.9 0.2 10.06 3143 52917 18674 15780 2573 1569 0.97 0.09 0 1
G010.694+00.034_2 2.9 0.04 1.96 2087 19936 7256 594 458 304 0.19 0.0 0 1
G010.809-00.393_0 5.0 0.07 6.41 1465 14267 2872 4020 816 627 0.81 0.09 0 1
G010.809-00.393_1 2.9 0.06 3.2 537 6408 1199 1139 468 356 0.66 0.0 0 2
G010.878-00.468_0 2.9 0.11 5.68 965 16112 1932 3742 999 659 0.66 0.08 0 2
G010.878-00.468_1 5.0 0.08 7.26 2188 22926 3565 3806 701 525 0.41 0.06 0 2
G010.971-00.363_0 5.0 0.14 12.07 4626 25295 6767 9341 833 774 0.92 0.06 0 1
G010.971-00.363_1 2.9 0.14 6.99 1727 17290 3306 4049 1230 579 0.92 0.0 0 2
G011.046-00.069_0 2.9 0.04 1.81 8349 49178 15981 774 557 427 0.05 0.0 0 1
G011.046-00.069_1 2.9 0.17 8.73 8704 61658 18562 4090 740 468 0.24 0.05 0 1
G011.046-00.069_2 2.9 0.54 27.35 8411 51454 16451 12878 543 471 0.76 0.28 0 1
G011.612-00.383_0 3.0 0.07 3.81 401 10230 1759 2999 1579 788 1.0 0.0 0 2
G012.405-00.138_0 2.6 0.21 9.43 807 18099 3927 7804 622 827 0.97 0.12 0 1
G012.405-00.138_1 8.7 0.03 4.82 4563 38064 10563 1727 329 358 0.15 0.0 0 2
G012.529-00.314_0 2.6 0.18 8.14 1177 13178 3543 5601 561 688 0.88 0.2 0 1
G012.529-00.314_1 2.6 0.07 3.0 964 7160 2163 754 174 251 0.33 0.0 0 1
G012.529-00.314_2 1.3 0.08 1.88 404 7353 1799 479 741 254 0.39 0.0 0 2
G012.543+00.011_0 12.0 0.08 17.74 6570 46716 9427 7198 776 406 0.84 0.03 0 1
G012.543+00.011_1 12.0 0.03 6.6 5071 28427 6550 2752 316 417 0.34 0.0 0 1
G012.543-00.092_0 2.6 0.07 3.25 832 19478 4223 2541 734 782 0.36 0.0 0 2
G012.543-00.092_1 4.8 0.18 14.84 2500 38102 8831 8142 767 548 0.81 0.01 0 2
G012.543-00.092_2 2.6 0.06 2.62 791 16469 3602 585 543 223 0.28 0.0 0 1
G012.595+00.116_0 4.8 0.05 4.59 1104 12478 2920 1830 382 398 0.49 0.13 0 2
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G012.893+00.496_0 2.5 0.12 5.3 3616 8374 4483 5040 446 951 1.0 0.93 1 1
G012.893+00.496_1 1.8 0.12 3.82 1882 4842 2428 2129 367 558 1.0 0.0 1 1
G013.220+00.164_0 2.6 0.08 3.56 305 8704 2115 2463 701 692 1.0 0.0 0 1
G013.220+00.164_1 1.9 0.05 1.61 232 7220 1815 1193 702 742 0.62 0.0 0 2
G013.282-00.316_0 2.6 0.57 25.67 3464 70003 18554 30486 1653 1188 0.99 0.28 0 1
G013.282-00.316_1 1.8 0.24 7.51 2559 51664 14625 8304 2032 1106 0.41 0.04 0 2
G013.313+00.193_0 1.9 0.32 10.64 837 12003 4864 4697 355 441 0.98 0.21 0 1
G013.313+00.193_1 2.6 0.04 1.79 1470 16418 6757 1698 346 949 0.14 0.03 0 2
G013.460+00.171_0 1.9 0.06 1.95 159 4496 1013 1540 581 789 1.0 0.05 0 2
G013.700-00.072_0 4.5 0.13 10.55 3280 22978 5657 8288 385 786 0.76 0.39 0 1
G013.893-00.129_0 3.1 0.08 4.22 1065 20126 3925 12025 918 2850 1.0 0.42 0 2
G013.893-00.129_1 1.8 0.06 1.89 564 11761 2190 854 825 452 0.77 0.27 0 1
G014.005+00.311_0 3.9 0.1 6.66 986 10736 3271 2866 647 430 0.8 0.08 0 1
G014.117-00.392_0 3.1 0.09 4.72 823 13483 1232 4793 1332 1015 0.97 0.16 0 2
G014.117-00.392_1 1.5 0.09 2.32 306 8194 838 2727 1321 1176 1.0 0.0 0 2
G014.627-00.123_0 3.1 0.13 7.21 1268 20376 1537 8135 1136 1128 1.0 0.31 0 1
G014.789-00.478_0 2.0 0.11 3.89 517 8317 2296 2225 590 572 0.93 0.14 1 1
G014.919-00.065_0 2.6 0.13 5.81 1136 15895 4127 3189 822 549 0.71 0.0 0 1
G015.611-00.476_0 1.8 0.14 4.27 1419 5858 2288 2213 203 519 0.83 0.28 1 1
G015.611-00.476_1 16.9 0.05 15.26 41765 89265 50118 9715 622 637 0.32 0.0 1 1
G015.653-00.224_0 11.6 0.11 21.58 4745 17675 6356 11165 193 517 1.0 0.61 0 1
G016.609-00.069_0 4.7 0.16 13.28 8860 39024 13367 9764 314 735 0.39 0.17 0 1
G016.609-00.069_1 3.6 0.14 8.78 5908 39790 11396 2725 453 310 0.38 0.14 0 1
G016.661+00.121_0 1.9 0.05 1.75 149 1804 233 392 211 224 0.65 0.12 0 1
G016.700-00.235_0 4.7 0.04 3.39 1375 15250 2568 1483 392 437 0.33 0.02 0 2
G016.700-00.235_1 3.6 0.09 5.38 973 15778 2275 2089 659 388 0.67 0.0 0 2
G016.757+00.013_0 3.6 0.09 5.93 1327 13873 3523 3840 844 647 0.82 0.03 0 1
G016.919+00.275_0 1.9 0.24 8.06 1576 11469 3421 12341 610 1532 1.0 0.71 0 1
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G016.929-00.082_0 3.6 0.19 12.03 2001 15687 3393 4923 265 409 0.82 0.11 0 1
G016.929-00.082_1 15.9 0.03 8.63 23180 102276 29452 8535 609 990 0.14 0.0 0 1
G016.998+00.280_0 1.9 0.12 3.88 1251 9789 3034 10342 836 2663 1.0 0.43 0 2
G301.638-00.239_0 4.8 0.09 7.6 2491 8737 3874 5637 450 742 1.0 0.69 0 1
G305.560-00.003_0 3.8 0.29 19.5 12255 39279 17799 23893 919 1225 0.97 0.65 0 1
G309.161-00.358_0 3.5 0.11 6.7 2896 13887 4116 11882 505 1774 1.0 0.92 0 1
G313.703-00.181_0 3.0 0.07 3.61 1308 9620 2195 5821 526 1612 1.0 0.87 0 1
G313.717+00.103_0 7.5 0.04 4.69 3144 12401 4505 3990 281 851 0.5 0.38 0 1
G313.717+00.103_1 3.0 0.03 1.68 644 3954 1143 506 286 301 0.46 0.0 0 1
G313.717+00.103_2 3.0 0.05 2.59 696 5560 1410 1926 314 742 0.71 0.46 0 1
G314.219+00.266_0 4.2 0.2 14.77 10074 38592 15690 32319 820 2188 1.0 0.75 0 1
G314.284+00.100_0 4.2 0.13 9.73 8443 23633 11840 8855 661 910 1.0 0.24 0 1
G314.284+00.100_1 4.2 0.13 9.73 8611 25278 12335 11649 582 1198 1.0 0.84 0 1
G317.386+00.113_0 2.8 0.11 5.21 3399 18166 7068 13011 995 2498 1.0 0.69 0 1
G317.889-00.256_0 2.3 0.18 7.23 2572 16165 5089 13494 822 1866 1.0 0.69 0 1
G320.240+00.027_0 0.6 0.07 0.75 82 1239 489 163 896 217 1.0 0.54 0 1
G320.243+00.406_0 2.1 0.17 6.36 2297 5753 2966 4051 340 637 0.98 0.41 0 1
G320.270-00.299_0 8.6 0.18 26.37 37328 74991 44456 55758 854 2114 0.95 0.66 0 1
G320.883-00.392_0 2.8 0.14 6.95 3019 10049 4020 6689 348 963 1.0 0.88 0 1
G323.179+00.149_0 4.0 0.07 5.05 2362 7883 3657 7578 339 1502 1.0 0.74 0 1
G323.929+00.036_0 10.0 0.17 29.45 18472 54410 21140 38513 1344 1308 1.0 0.2 0 1
G326.552+00.165_0 4.4 0.13 9.85 3117 17795 5341 8525 885 865 1.0 0.36 0 1
G326.586+00.050_0 4.6 0.06 5.16 608 9069 1481 2146 749 416 0.95 0.0 0 2
G326.722-00.099_0 3.5 0.07 4.39 991 15912 3946 5068 1419 1155 0.96 0.04 0 1
G326.790-00.119_0 3.5 0.12 7.23 3143 17259 6190 10318 799 1427 1.0 0.6 0 1
G327.036-00.408_0 3.5 0.08 4.97 858 7042 1599 3995 578 803 0.97 0.57 0 1
G327.042-00.169_0 3.5 0.12 7.07 811 17955 3924 9478 1019 1340 1.0 0.19 0 1
G327.157-00.256_0 3.5 0.59 36.25 8940 73455 23085 54139 1200 1494 1.0 0.59 0 1
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G327.258-00.420_0 3.0 0.15 7.6 957 15264 3195 9413 671 1238 1.0 0.43 0 2
G327.396+00.452_0 5.0 0.16 13.85 12620 33115 13902 14448 985 1043 0.94 0.3 0 1
G327.870+00.157_0 5.7 0.12 12.24 8511 48707 17401 12673 614 1035 0.61 0.2 0 1
G327.870+00.157_1 3.1 0.06 3.38 2945 22080 7109 1049 508 311 0.31 0.1 0 2
G327.884+00.002_0 7.1 0.07 9.24 1792 19563 4110 6464 660 700 1.0 0.03 0 2
G327.884+00.002_1 3.1 0.03 1.71 384 5793 1097 395 304 230 0.47 0.0 0 2
G327.981-00.101_0 3.1 0.17 9.07 2824 26926 6362 8813 1053 972 1.0 0.59 0 1
G328.627+00.063_0 9.0 0.04 6.54 2574 15397 5281 1576 327 241 0.54 0.0 0 1
G328.627+00.063_1 3.4 0.03 2.06 562 8458 2188 966 548 469 0.54 0.0 0 2
G328.773+00.304_0 6.8 0.11 13.27 3453 27220 4990 9253 871 697 1.0 0.17 0 1
G328.773+00.304_1 9.0 0.03 5.04 3635 18056 4410 959 282 190 0.29 0.0 0 2
G328.940+00.277_0 5.0 0.05 4.46 694 12265 2390 2896 937 649 0.9 0.0 0 2
G330.348-00.122_0 5.8 0.1 10.0 1903 25812 4436 4653 956 466 0.69 0.0 0 1
G330.760-00.306_0 4.0 0.17 11.6 2233 32090 8461 16253 1074 1402 1.0 0.41 0 1
G330.760-00.306_1 4.0 0.06 3.95 1794 18910 5325 1577 430 399 0.37 0.0 0 1
G330.973+00.076_0 2.9 0.09 4.45 901 15132 2872 1021 591 230 0.43 0.06 0 2
G330.973+00.076_1 3.9 0.08 5.21 1561 22150 4404 3221 605 618 0.37 0.01 0 2
G330.973+00.076_2 - 0.06 - - - - - 283 - 0.27 0.03 0 0
G330.986+00.337_0 3.4 0.14 8.25 1814 10419 2829 3502 426 425 0.98 0.45 0 1
G331.533+00.241_0 3.5 0.03 1.96 1202 15198 4298 933 520 476 0.16 0.0 0 1
G331.533+00.241_1 3.5 0.11 6.97 1228 17574 4824 2887 561 414 0.59 0.19 0 1
G331.533+00.241_2 5.3 0.07 6.6 2635 25796 7781 2702 611 409 0.33 0.03 0 1
G331.670-00.272_0 3.1 0.15 8.33 1469 9835 2860 5407 220 649 0.96 0.85 0 1
G331.670-00.272_1 5.3 0.03 3.21 3743 18969 6237 1018 406 317 0.23 0.0 0 2
G331.670-00.272_2 5.3 0.1 9.0 4154 25715 7726 3600 743 400 0.6 0.0 0 2
G331.973-00.378_0 3.6 0.18 11.29 1370 12687 2512 5068 482 449 0.94 0.42 0 1
G332.000+00.011_0 3.1 0.17 8.94 1691 37862 5996 7211 2530 807 0.94 0.03 0 2
G332.000+00.011_1 5.3 0.13 12.02 1423 35153 4338 4906 1194 408 0.75 0.0 0 2
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G332.370-00.080_0 3.1 0.14 7.63 25736 132180 48379 3077 464 403 0.07 0.0 0 1
G332.370-00.080_1 3.1 1.81 97.78 27338 174920 59182 80571 665 824 0.97 0.51 0 1
G332.370-00.080_2 5.2 0.36 33.02 69299 313946 120785 13501 772 409 0.2 0.03 0 1
G332.610+00.052_0 5.6 0.16 16.04 2259 34359 7143 7452 735 465 0.94 0.1 0 1
G332.852-00.214_0 3.6 0.1 6.38 600 15318 1958 4459 879 698 0.97 0.15 0 2
G333.007+00.452_0 3.6 0.06 3.62 506 9781 1554 1432 788 396 0.49 0.0 0 2
G333.063+00.181_0 3.6 0.14 8.59 1296 28891 4984 5392 1762 628 0.89 0.2 0 1
G333.202-00.250_0 3.6 0.03 1.89 641 12909 881 942 455 498 0.24 0.0 0 2
G333.202-00.250_1 3.6 0.03 2.0 658 14319 937 447 618 224 0.24 0.0 0 2
G333.202-00.250_2 3.6 0.06 3.46 632 12204 853 577 371 167 0.35 0.0 0 2
G333.297+00.073_0 3.6 0.47 29.71 11172 73991 22262 32686 1193 1100 0.99 0.37 0 1
G333.297+00.073_1 10.7 0.15 28.87 63610 196640 82882 20024 700 694 0.33 0.07 0 1
G333.481+00.165_0 8.7 0.07 10.61 4629 15205 5694 2802 345 264 0.86 0.07 0 1
G333.722+00.361_0 2.3 0.24 9.56 3667 11091 4360 5969 326 624 1.0 0.79 0 1
G333.868-00.312_0 3.6 0.15 9.64 1648 43775 13246 34310 2893 3561 1.0 0.35 0 1
G333.899-00.106_0 9.6 0.12 19.81 6419 36293 6610 5634 320 284 0.58 0.04 0 2
G333.899-00.106_1 3.6 0.05 3.06 1770 28740 2546 2772 1151 904 0.23 0.06 0 1
G333.985+00.224_0 5.2 0.1 8.64 3615 23103 8974 2126 289 246 0.34 0.02 0 2
G333.985+00.224_1 3.1 0.15 8.3 1728 17026 6124 2540 455 306 0.53 0.04 0 1
G333.985+00.224_2 3.1 0.04 1.93 1620 13698 5034 296 316 153 0.14 0.0 0 1
G333.985+00.224_3 3.7 0.16 10.05 2370 21204 7728 4137 502 412 0.56 0.06 0 1
G333.985+00.224_4 5.2 0.04 4.0 4153 30656 11549 1364 543 341 0.14 0.0 0 1
G333.992+00.058_0 5.2 0.26 23.2 3852 57212 14491 17355 1500 748 0.96 0.07 0 1
G333.992+00.058_1 3.6 0.22 13.97 1919 30542 7612 5497 856 394 0.82 0.05 0 2
G333.992+00.058_2 4.0 0.09 6.13 2127 25333 6777 2088 398 341 0.33 0.09 0 1
G334.056+00.489_0 3.7 0.06 3.85 362 6554 914 1425 1308 370 0.85 0.0 0 2
G334.070-00.257_0 3.6 0.08 4.93 639 12927 2487 1849 444 375 0.57 0.0 0 2
G334.070-00.257_1 3.1 0.09 5.01 546 14131 2591 1794 657 358 0.65 0.0 0 2
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G334.202+00.156_0 9.6 0.13 21.65 7931 61758 19401 15805 1572 730 1.0 0.11 0 1
G334.202+00.156_1 2.8 0.05 2.39 1396 14335 4148 2286 877 956 0.4 0.0 0 2
G334.267-00.107_0 5.2 0.13 11.62 3242 36560 9429 6894 698 593 0.54 0.01 0 1
G334.267-00.107_1 12.8 0.07 15.02 14140 104867 30747 8024 795 534 0.32 0.01 0 1
G334.442+00.050_0 9.7 0.12 20.82 7852 51946 14536 8654 349 416 0.53 0.17 0 1
G334.442+00.050_1 8.7 0.06 8.53 8018 57847 15705 2985 644 350 0.25 0.0 0 2
G334.442+00.050_2 10.8 0.05 9.46 9332 61013 17142 4223 434 446 0.21 0.0 0 2
G334.617-00.270_0 3.1 0.12 6.46 1949 16660 4036 7906 843 1225 1.0 0.52 0 1
G334.640+00.426_0 4.0 0.29 20.51 6301 20543 7171 13038 503 636 0.91 0.32 0 1
G334.684+00.024_0 2.3 0.16 6.36 1450 14495 3268 2063 391 324 0.49 0.05 0 1
G334.684+00.024_1 2.3 0.03 1.15 1334 10857 2641 184 217 160 0.1 0.0 0 1
G334.684+00.024_2 5.1 0.04 3.71 5663 34208 9420 1050 330 283 0.14 0.0 0 1
G334.840-00.196_0 3.1 0.16 8.78 1019 17938 2058 3969 570 452 0.72 0.18 0 1
G334.840-00.196_1 2.3 0.1 4.08 622 13939 1653 861 671 211 0.47 0.0 0 2
G335.008-00.268_0 13.8 0.13 30.74 19077 141611 45245 18720 1008 609 0.47 0.01 0 1
G335.008-00.268_1 13.8 0.08 18.95 16000 114062 36884 13217 629 697 0.29 0.0 0 1
G335.083+00.065_0 - 0.05 - - - - - 589 - 0.85 0.0 0 0
G335.251-00.033_0 2.9 0.1 4.9 496 7192 1294 2336 507 476 0.97 0.06 0 1
G335.814+00.061_0 9.7 0.08 13.02 3578 34398 6766 5313 338 408 0.36 0.0 0 2
G336.060+00.040_0 7.6 0.11 14.05 5373 29222 9503 6845 470 487 0.59 0.1 0 1
G336.062-00.271_0 2.9 0.08 3.8 329 5598 1004 1198 319 316 0.69 0.1 0 2
G336.194-00.457_0 5.0 0.06 4.97 306 4538 585 983 378 198 0.95 0.1 0 2
G336.248+00.310_0 10.8 0.14 25.59 16099 84815 28092 14781 496 578 0.3 0.02 0 2
G336.248+00.310_1 3.2 0.09 4.98 2056 20226 5286 2358 279 473 0.21 0.1 0 1
G336.376+00.204_0 12.1 0.11 23.97 10792 59185 16817 12126 556 506 0.42 0.02 0 1
G336.376+00.204_1 10.8 0.03 6.03 9257 52280 14643 2472 456 410 0.14 0.03 0 1
G336.391+00.012_0 6.7 0.32 37.36 25696 97969 35723 27166 886 727 0.7 0.1 0 1
G336.391+00.012_1 2.9 0.04 2.06 5270 26094 8211 1133 390 551 0.08 0.01 0 1
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G336.846+00.282_0 4.6 0.12 9.79 3272 21084 6044 4825 1002 493 0.95 0.05 0 1
G336.846+00.282_1 4.3 0.05 3.41 2547 13091 4178 1998 413 586 0.35 0.12 0 1
G337.148-00.387_0 1.6 0.24 6.6 1609 10541 3155 1648 276 250 0.53 0.0 0 1
G337.148-00.387_1 2.8 0.12 6.01 4566 22947 7622 2622 374 436 0.27 0.03 0 1
G337.409-00.400_0 3.0 0.27 14.23 8944 29287 12783 13517 499 950 0.8 0.33 0 1
G337.409-00.400_1 3.7 0.07 4.78 12449 26816 14574 1522 251 318 0.22 0.03 0 1
G337.744-00.346_0 3.0 0.28 14.7 3671 22759 7633 9541 476 649 0.96 0.44 0 1
G337.850+00.087_0 3.5 0.21 12.96 4124 81314 21544 24395 4461 1882 1.0 0.06 0 1
G338.181-00.477_0 2.9 0.09 4.41 715 10061 2684 1710 945 388 0.86 0.11 0 1
G338.279-00.295_0 1.1 0.06 1.13 418 8969 3431 642 968 566 0.59 0.12 0 1
G338.279-00.295_1 7.0 0.06 7.25 2964 23829 4778 3211 610 443 0.59 0.0 0 2
G338.291-00.119_0 5.7 0.04 4.12 1148 17246 2379 1766 377 429 0.36 0.03 0 2
G338.291-00.119_1 7.1 0.05 6.15 1878 31224 4121 3313 775 539 0.44 0.0 0 2
G338.528+00.214_0 2.7 0.14 6.39 1760 15105 4387 2238 853 351 0.65 0.11 0 1
G338.680-00.455_0 2.9 0.24 12.3 1124 14025 2508 4588 652 373 0.95 0.1 0 1
G338.680-00.455_1 2.9 0.05 2.73 1078 11938 2227 540 499 198 0.22 0.01 0 1
G338.708-00.328_0 3.2 0.14 7.91 668 10417 2000 3155 525 399 0.88 0.07 0 2
G338.708-00.328_1 2.9 0.1 5.22 653 11615 2077 1709 776 328 0.66 0.12 0 2
G338.749+00.159_0 2.7 0.09 4.15 830 14933 3270 2425 1512 584 1.0 0.24 0 1
G338.773+00.492_0 4.2 0.1 7.52 3755 19029 7955 17964 1070 2387 1.0 0.7 1 1
G338.806+00.111_0 2.6 0.14 6.21 939 18538 3126 3362 1367 542 0.71 0.07 0 1
G338.941-00.058_0 11.6 0.08 15.54 22161 72798 31414 8379 411 539 0.3 0.05 0 1
G338.941-00.058_1 3.2 0.19 10.73 3170 25865 7320 6992 723 652 0.8 0.4 0 1
G338.953+00.278_0 4.2 0.09 6.41 857 11740 2982 3094 320 483 0.56 0.11 0 2
G338.953+00.278_1 2.2 0.08 2.91 575 10247 2261 1032 814 355 0.46 0.02 0 2
G338.993+00.110_0 2.4 0.05 1.99 214 6310 918 573 820 288 0.79 0.0 0 2
G339.077+00.153_0 4.8 0.18 15.19 4665 34627 10216 8996 822 592 0.67 0.21 0 1
G339.077+00.153_1 2.2 0.09 3.37 1098 12318 3199 1007 634 299 0.33 0.0 0 2
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G339.113-00.203_0 7.1 0.1 12.56 4853 55503 19462 13591 906 1082 0.56 0.1 0 2
G339.113-00.203_1 2.9 0.13 6.68 1061 15224 4979 1581 507 237 0.73 0.02 0 2
G339.113-00.203_2 3.1 0.11 5.86 1140 15870 5257 1968 469 336 0.58 0.1 0 1
G339.116-00.405_0 2.9 0.25 12.51 1918 18365 3450 8029 529 642 1.0 0.57 0 1
G339.260+00.117_0 4.8 0.16 13.2 3533 23282 6960 7818 599 592 0.95 0.32 0 1
G339.385-00.414_0 2.9 0.17 8.48 1385 11559 3740 4603 486 543 0.97 0.23 0 1
G339.586-00.119_0 2.6 0.21 9.61 4320 27985 11442 9357 809 974 0.99 0.62 0 1
G339.586-00.119_1 13.2 0.07 15.72 56501 127084 77114 7884 591 502 0.32 0.01 0 1
G339.692+00.291_0 10.0 0.05 8.15 2794 21031 6418 6317 612 775 0.57 0.13 0 1
G339.988-00.165_0 3.6 0.17 10.84 2007 26026 7685 12737 778 1175 1.0 0.6 0 1
G339.988-00.165_1 2.8 0.07 3.34 1101 11687 3624 828 363 248 0.38 0.02 0 1
G340.301-00.387_0 3.6 0.51 31.82 20468 85311 34770 62867 1176 1976 0.95 0.69 0 1
G340.301-00.387_1 7.9 0.2 27.05 68757 153410 84425 9723 618 359 0.37 0.0 0 2
G340.301-00.387_2 10.1 0.12 20.49 89615 185554 106355 10079 501 492 0.21 0.0 0 2
G340.316+00.079_0 7.9 0.08 10.8 2040 23973 3674 6145 342 569 0.69 0.33 0 2
G340.316+00.079_1 - 0.05 - - - - - 537 - 0.38 0.0 0 0
G340.482-00.306_0 10.2 0.05 8.94 4905 23156 4087 7625 344 853 0.46 0.29 0 2
G340.482-00.306_1 3.6 0.1 6.05 1032 15540 890 3636 1485 601 0.89 0.0 0 1
G340.482-00.306_2 3.6 0.08 4.89 933 10792 755 1967 682 403 0.71 0.09 0 1
G340.511-00.471_0 3.6 0.08 5.09 1003 17777 3530 10213 1612 2005 1.0 0.18 1 1
G340.630-00.093_0 9.6 0.06 10.38 1482 12983 2507 3011 370 290 1.0 0.0 0 2
G340.630-00.093_1 3.6 0.06 3.65 472 12461 1591 2201 1388 604 0.91 0.0 0 2
G340.630-00.093_2 3.6 0.05 3.13 468 12173 1564 2370 1297 758 0.82 0.0 0 2
G340.981-00.013_0 3.3 0.16 9.21 812 16660 3492 3122 564 339 0.82 0.0 0 1
G340.981-00.013_1 3.3 0.11 6.32 757 12716 2815 1352 298 214 0.57 0.1 0 1
G340.981-00.013_2 3.3 0.05 3.15 786 14595 3144 1031 420 327 0.28 0.01 0 1
G340.981-00.013_3 2.2 0.06 2.38 416 11523 2231 450 558 189 0.29 0.0 0 2
G341.244-00.265_0 3.3 0.49 28.23 14242 74596 28981 49166 895 1741 1.0 0.79 0 1
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G341.415+00.244_0 2.2 0.07 2.77 239 4833 736 1281 490 463 1.0 0.11 0 2
G341.415+00.244_1 2.2 0.07 2.72 420 10471 1730 3015 1654 1110 0.96 0.0 0 2
G341.415+00.244_2 10.8 0.04 8.04 2518 14184 3705 2526 327 314 0.56 0.04 0 2
G341.674+00.184_0 14.0 0.06 14.77 5453 48378 14825 10009 674 678 0.5 0.13 0 2
G341.674+00.184_1 5.0 0.08 6.78 894 15058 4072 2067 528 305 0.61 0.0 0 1
G341.938+00.054_0 8.0 0.12 17.36 4054 29276 7358 5535 342 319 0.69 0.06 0 1
G341.938+00.054_1 2.0 0.05 1.67 398 7344 1308 561 340 337 0.28 0.0 0 2
G342.100+00.399_0 7.7 0.25 33.61 47791 143249 60722 25252 380 751 0.39 0.22 0 1
G342.100+00.399_1 10.9 0.06 10.6 52561 134087 62627 3308 203 312 0.08 0.0 0 1
G342.100+00.399_2 10.9 0.26 49.87 80893 223829 99440 23705 634 475 0.4 0.04 0 1
G342.100+00.399_3 10.9 0.37 70.18 94022 278989 118953 79406 813 1131 0.55 0.28 0 1
G342.100+00.399_4 2.3 0.31 12.25 5780 30924 9648 3876 518 316 0.46 0.03 0 1
G342.100+00.399_5 12.5 0.07 14.95 77227 198714 92312 5964 398 399 0.09 0.0 0 2
G342.100+00.399_6 2.3 0.04 1.72 4886 16464 6539 309 115 179 0.06 0.0 0 1
G342.345-00.005_0 1.2 0.1 2.02 390 8213 2068 237 712 117 0.6 0.11 0 1
G342.357+00.113_0 9.9 0.21 36.18 19188 88037 27960 27428 297 758 0.63 0.36 0 1
G342.357+00.113_1 7.9 0.14 18.69 17042 99136 28094 6284 836 336 0.4 0.0 0 2
G342.357+00.113_2 1.2 0.08 1.6 836 13048 2269 394 628 246 0.22 0.11 0 1
G342.357+00.113_3 - 0.16 - - - - - 575 - 0.45 0.0 0 0
G342.357+00.113_4 2.4 0.07 2.74 2114 26129 5174 1480 718 541 0.17 0.02 0 2
G342.478-00.167_0 2.3 0.12 4.7 396 7231 1644 1603 564 341 1.0 0.2 0 1
G342.478-00.167_1 2.3 0.09 3.57 360 4840 1166 820 319 230 0.77 0.0 0 1
G342.823+00.129_0 2.7 0.03 1.54 157 4420 365 575 413 374 0.55 0.0 0 2
G343.579-00.170_0 2.6 0.11 5.01 680 8019 1677 2184 443 436 0.95 0.16 0 1
G343.776-00.149_0 2.6 0.63 28.73 9132 50422 14012 25245 606 879 0.99 0.48 0 1
G343.908+00.113_0 17.1 0.11 31.93 32107 128729 47790 32660 777 1023 0.47 0.01 0 1
G343.998-00.143_0 2.6 0.04 1.66 270 4731 985 420 452 253 0.48 0.0 0 1
G344.043-00.373_0 10.1 0.15 25.8 4717 32520 8963 13408 419 520 0.93 0.37 0 1
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G344.340-00.227_0 10.2 0.14 25.78 4285 27090 6865 21249 392 824 1.0 0.36 0 1
G344.447-00.186_0 10.2 0.09 15.92 4180 20945 5622 9179 231 577 0.62 0.27 0 2
G344.447-00.186_1 - 0.03 - - - - - 280 - 0.25 0.0 0 0
G344.592-00.026_0 1.1 0.05 1.02 217 4705 1349 145 1142 143 1.0 0.05 0 1
G345.345-00.060_0 1.4 0.05 1.11 89 2641 184 504 388 454 0.67 0.0 0 2
G345.345-00.060_1 1.4 0.04 1.0 86 2471 176 48 342 48 0.62 0.0 0 2
G345.433-00.143_0 1.4 0.15 3.62 708 7953 2638 2292 611 633 1.0 0.62 0 1
G345.493+00.337_0 2.4 0.29 12.18 15468 34737 17632 26787 810 2199 1.0 0.76 0 1
G345.635+00.358_0 2.4 0.31 12.87 2358 28203 9874 18175 1292 1412 1.0 0.41 0 1
G345.873+00.292_0 2.4 0.11 4.59 411 9666 2399 2371 862 516 0.9 0.05 0 2
G345.879+00.021_0 7.5 0.19 24.88 19133 77043 31344 22821 245 917 0.44 0.3 0 1
G345.879+00.021_1 5.9 0.24 24.82 15692 78027 29208 12464 669 502 0.58 0.15 0 1
G345.879+00.021_2 1.4 0.18 4.48 1389 17994 5452 1259 1013 281 0.45 0.04 0 1
G346.177+00.029_0 5.6 0.08 7.81 1707 17128 3944 2259 576 289 0.72 0.03 0 2
G346.177+00.029_1 10.2 0.06 10.03 4965 41025 10177 6775 888 676 0.44 0.0 0 2
G346.177+00.029_2 14.8 0.03 8.54 7359 47552 13062 5198 630 608 0.36 0.03 0 1
G346.177+00.029_3 9.5 0.04 5.88 4076 31259 7985 1450 657 246 0.33 0.0 0 2
G346.293+00.109_0 9.5 0.18 29.15 22134 57231 22207 17934 569 615 0.92 0.32 0 1
G346.293+00.109_1 3.5 0.09 5.77 4011 17588 4531 1525 628 265 0.51 0.03 0 1
G346.293+00.109_2 13.3 0.07 15.65 23110 51740 22558 12584 216 804 0.32 0.23 0 1
G346.483+00.144_0 1.3 0.09 2.09 875 7475 2435 436 1131 209 0.97 0.26 0 1
G346.951-00.155_0 10.4 0.05 9.25 5225 19096 8013 3480 492 376 0.43 0.03 0 1
G346.951-00.155_1 10.4 0.05 8.56 6204 24235 9881 4275 893 500 0.49 0.0 0 1
G346.951-00.155_2 10.4 0.03 6.06 5145 18742 7876 2069 516 341 0.3 0.0 0 1
G347.216+00.026_0 10.7 0.24 44.39 46471 139034 60578 105279 2303 2371 1.0 0.35 0 1
G347.390+00.266_0 9.8 0.14 23.75 7917 51391 21931 13574 1153 571 0.73 0.0 0 2
G347.390+00.266_1 10.2 0.12 21.48 8059 49703 21490 12688 924 591 0.62 0.05 0 1
G347.390+00.266_2 10.7 0.03 5.93 6292 32706 14771 1555 360 262 0.17 0.0 0 2
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G347.870-00.318_0 6.9 0.22 26.21 17433 43034 23512 39838 597 1520 0.95 0.59 0 1
G347.894+00.035_0 12.9 0.31 68.93 56255 171650 79834 66881 918 970 0.69 0.1 0 1
G347.894+00.035_1 9.8 0.08 13.61 35425 112024 51227 6757 686 497 0.2 0.0 0 2
G348.034+00.439_0 1.3 0.09 2.08 85 3305 163 1473 710 707 1.0 0.03 0 2
G348.232+00.462_0 1.3 0.7 15.94 3323 15729 4972 12082 627 758 1.0 0.7 1 1
G348.492+00.346_0 5.7 0.09 8.47 2025 17797 5214 4962 986 586 0.78 0.19 0 2
G348.492+00.346_1 1.3 0.1 2.17 151 3334 814 987 545 455 0.86 0.0 0 2
G349.876+00.099_0 10.7 0.26 48.39 38002 142702 53273 41081 1155 849 0.72 0.04 0 1
G349.876+00.099_1 8.3 0.19 27.39 25488 102875 36938 24430 1012 892 0.55 0.11 0 1
G349.876+00.099_2 22.1 0.04 15.3 70826 224169 91886 6137 667 401 0.11 0.0 0 2
G350.299+00.237_0 11.9 0.04 7.37 5673 39212 9603 4123 2098 559 0.4 0.0 0 2
G350.522-00.255_0 3.3 0.12 6.92 629 12239 2356 7750 1152 1119 1.0 0.29 0 1
G350.781+00.492_0 1.3 0.12 2.62 555 3521 787 1173 251 448 0.77 0.35 1 2
G351.022-00.343_0 3.3 0.18 10.54 2734 15104 4905 6417 461 609 1.0 0.64 0 1
G351.498+00.254_0 11.5 0.16 31.37 12708 59454 18081 15852 968 505 0.89 0.0 0 1
G351.731+00.446_0 1.3 0.06 1.26 77 2441 226 265 401 211 0.73 0.0 0 2
G351.928-00.245_0 3.5 0.14 8.54 2082 23029 5317 2989 717 350 0.65 0.03 0 1
G351.928-00.245_1 1.4 0.2 4.92 769 14656 3282 3996 1094 812 0.92 0.17 0 1
G352.030+00.069_0 1.4 0.09 2.29 199 6592 1282 933 275 408 0.57 0.24 0 2
G352.062-00.257_0 1.4 0.16 3.84 504 8351 1871 1730 689 450 0.91 0.32 0 1
G352.107+00.184_0 10.4 0.22 40.6 30749 132607 54065 28866 1160 711 0.84 0.24 0 1
G352.107+00.184_1 - 0.05 - - - - - 1256 - 0.19 0.0 0 0
G352.107+00.184_2 - 0.05 - - - - - 316 - 0.19 0.0 0 0
G352.208+00.354_0 1.3 0.07 1.64 181 2619 553 1137 186 693 1.0 0.87 0 1
G352.308-00.447_0 1.4 0.21 5.09 833 7057 1404 3182 684 625 0.99 0.59 0 1
G352.781-00.050_0 10.9 0.05 8.63 6024 39824 11177 2681 504 311 0.28 0.0 0 1
G352.883+00.464_0 1.4 0.15 3.77 534 9267 1930 6707 1239 1779 1.0 0.12 1 1
G353.201-00.242_0 3.1 0.13 6.81 1177 9209 3303 4458 286 654 0.92 0.62 0 1
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G353.294+00.312_0 1.4 0.07 1.75 222 5616 1165 458 296 261 0.27 0.01 0 2
G353.294+00.312_1 1.4 0.04 0.93 247 6863 1463 77 436 84 0.17 0.0 0 2
G353.294+00.312_2 1.4 0.05 1.15 261 7439 1609 348 518 304 0.23 0.0 0 2
G353.389-00.340_0 3.1 0.73 39.48 31847 87054 46500 58559 983 1483 0.99 0.43 0 1
G353.418-00.208_0 8.8 0.12 18.23 4620 27338 7485 15398 692 845 1.0 0.16 0 1
G353.477-00.160_0 3.1 0.08 4.13 493 6119 788 2179 461 528 0.93 0.11 0 1
G353.564-00.464_0 3.1 0.1 5.24 1270 7954 2341 8275 377 1578 1.0 0.82 0 1
G353.949+00.252_0 1.0 0.18 3.07 371 4353 1068 1253 495 408 0.97 0.32 0 1
G353.992+00.321_0 1.0 0.04 0.72 198 2609 533 438 419 613 0.29 0.06 0 1
G354.991+00.421_0 8.4 0.09 13.21 4056 51840 11728 7021 2043 532 0.55 0.0 0 2
G355.211-00.496_0 1.4 0.06 1.57 633 2985 848 1828 738 1166 1.0 0.27 1 2
G355.257-00.260_0 - 0.11 - - - - - 637 - 1.0 0.67 0 0
G355.265+00.339_0 - 0.13 - - - - - 2160 - 0.51 0.0 0 0
G355.265+00.339_1 - 0.04 - - - - - 432 - 0.14 0.0 0 0
G355.265+00.339_2 - 0.03 - - - - - 864 - 0.15 0.01 0 0
G355.564+00.279_0 - 0.07 - - - - - 351 - 0.46 0.04 0 0
G355.564+00.279_1 - 0.04 - - - - - 643 - 0.3 0.0 0 0
G355.619-00.049_0 - 0.1 - - - - - 1037 - 0.94 0.09 0 0
G355.635+00.302_0 - 0.05 - - - - - 441 - 0.41 0.02 0 0
G355.635+00.302_1 - 0.05 - - - - - 508 - 0.41 0.02 0 0
G355.673+00.089_0 - 0.11 - - - - - 342 - 0.45 0.05 0 0
G355.673+00.089_1 - 0.07 - - - - - 944 - 0.29 0.0 0 0
G355.742-00.252_0 - 0.12 - - - - - 640 - 0.87 0.26 0 0
G355.742-00.252_1 - 0.03 - - - - - 299 - 0.26 0.0 0 0
G355.743+00.135_0 - 0.05 - - - - - 907 - 0.45 0.02 0 0
G355.836+00.317_0 - 0.06 - - - - - 357 - 0.17 0.02 0 0
G355.991-00.414_0 - 0.09 - - - - - 285 - 1.0 0.94 0 0
G356.416+00.088_0 - 0.13 - - - - - 455 - 0.88 0.3 0 0
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G356.495+00.198_0 - 0.13 - - - - - 402 - 0.76 0.12 0 0
G356.874-00.021_0 - 0.1 - - - - - 621 - 0.97 0.24 0 0
G357.033+00.193_0 - 0.13 - - - - - 439 - 0.64 0.03 0 0
G357.420+00.356_0 - 0.05 - - - - - 393 - 0.85 0.0 0 0
G357.637-00.325_0 - 0.32 - - - - - 614 - 0.45 0.0 0 0
G357.637-00.325_1 - 0.07 - - - - - 445 - 0.12 0.03 0 0
G357.637-00.325_2 - 0.7 - - - - - 901 - 1.0 0.48 0 0
G357.956-00.160_0 - 0.21 - - - - - 1570 - 0.82 0.23 0 0
G357.956-00.160_1 - 0.12 - - - - - 568 - 0.4 0.13 0 0
G358.017-00.041_0 - 0.11 - - - - - 820 - 0.77 0.19 0 0
G358.017-00.041_1 - 0.09 - - - - - 749 - 0.6 0.0 0 0
G358.101-00.128_0 - 0.1 - - - - - 435 - 0.42 0.04 0 0
G358.101-00.128_1 - 0.23 - - - - - 954 - 1.0 0.63 0 0
G358.243-00.425_0 - 0.32 - - - - - 406 - 1.0 0.79 0 0
G358.243-00.425_1 - 0.15 - - - - - 632 - 0.46 0.0 0 0
G358.245+00.010_0 - 0.21 - - - - - 1660 - 0.56 0.0 0 0
G358.377-00.211_0 - 0.05 - - - - - 950 - 0.57 0.03 0 0
G358.377-00.211_1 - 0.06 - - - - - 4124 - 0.63 0.03 0 0
G358.451-00.422_0 - 0.54 - - - - - 675 - 0.88 0.63 1 0
G358.451-00.422_1 - 0.22 - - - - - 317 - 0.37 0.29 1 0
G358.451-00.422_2 - 0.13 - - - - - 389 - 0.22 0.05 1 0
G359.232+00.329_0 - 0.04 - - - - - 348 - 0.4 0.0 0 0
G359.372-00.437_0 - 0.16 - - - - - 186 - 1.0 0.73 0 0
G359.404+00.308_0 - 0.31 - - - - - 510 - 0.91 0.18 0 0
G359.404+00.308_1 - 0.04 - - - - - 330 - 0.11 0.0 0 0
G359.564-00.451_0 - 0.13 - - - - - 446 - 0.61 0.26 0 0
G359.863-00.248_0 - 0.05 - - - - - 1622 - 0.29 0.0 0 0
G359.863-00.248_1 - 0.11 - - - - - 909 - 0.75 0.27 0 0
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Table B.2: Distance dependent parameters of all filaments continued.

Filament ID d l l(d) M(ATG) M(ATG + P) M(dust) M(gas) mcrit,nt mobs det. 13CO det. C18O edge flag d flag
kpc ◦ pc M� M� M� M� M� pc−1 M� pc−1

G359.863-00.248_2 - 0.04 - - - - - 2180 - 0.29 0.0 0 0
G359.896-00.316_0 - 0.17 - - - - - 526 - 0.97 0.59 0 0
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Figure B.1: Average 13CO spectrum over the skeleton of filament candidate “G339.116-
00.405” (top) and “G346.293+00.109” (bottom). The red lines mark the identified
emission intervals named by letters.

B.2 gas dust correlation examples

In section 5.3.3 we are describing the method of comparing the ATLASGAL dust
intensities with the integrated 13CO intensity maps to identify the spatially correlated
velocity components. Based on this correlation we assign one of four categories to
the structure, which are: uncorrelated, completely correlated, partially correlated, and
diffuse component. To visualize this categorization we show one example in the section
5.3.3 (Figs. 5.5, 5.6). To give a complete picture we present here the correlation plots
of the other components of the filament candidate “G333.297+00.073” (Fig. B.2, for
intensity maps see Fig. 5.5), and 13CO spectra (Fig. B.1), integrated intensity maps
and the corresponding correlation plots for the filament candidates “G339.116-00.405”
(Fig. B.3) and “G346.293+00.109” (Figs. B.4 and B.5).

B.3 Filament profiles

In Section 5.5.1 we showed how the gas mass of correlated filaments is increasing
with increasing radius. To be complete, we also show the mass curves of the correlated
filaments based on the corrected ATLASGAL+PLANCK data (Fig. B.6), and the mass
curves of the partially correlated (blue, Fig. B.7) and diffuse component filaments (red,
Fig. B.7) based on the integrated 13CO observations.

The mass curves of of the correlated filaments are in mostly in agreement with 13CO
observations. However, for the most nearby filaments (< 2 kpc), and especially in the
continuum data, we find profiles indicating a slope of p < 0. This can be explained
by line-of-sight confusion within the large boxes around the filament skeleton. As the
dust continuum data traces all emission along the line-of-site it is possible that strong
emission, which is not related to the filament but located nearby, is taken into account
for the mass estimate for larger radii. Therefore, the masses will be overestimated.
This effect is more likely for nearby filaments, as larger angular sizes are taken into
account for the same physical size. The gas mass curves of the partially correlated and
diffuse component filaments show on average similar results as the correlated filaments,
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Figure B.2: Gas-dust correlation plots of the velocity components “b”,“c”, and “d” of
the filament candidate G333.297+00.073 (see Figs. 5.2, 5.4, and 5.5). The blue line
gives the one-to-one correlation. The green area indicates values above the σgas limit.
The red line shows the fitting result, and the area within the dashed red lines marks
the ±σcor surrounding. pcor, gas is estimated from the overlap of these areas.

Figure B.3: Integrated 13CO intensity map (left) and gas-dust correlation plot (right,
description as in Fig. B.2) of the single velocity component filament candidate
“G339.116-00.405”. Because of the good correlation between the only identified ve-
locity component with the ATLASGAL emission, it was categorized as fully correlated
filament and can be found as “G339.116-00.405_0” in the final catalog.
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Figure B.4: Integrated 13CO intensity map (left) and gas-dust correlation plot (right),
description as in Fig. B.2)) of the first velocity component of the filament candidate
“G346.293+00.109”. The partially correlated filament is listed as “G346.293+00.109_0”.
The other three velocity components of the candidate are shown in Fig. B.5.

but with a larger scatter, as the skeleton no longer necessarily represents the shape of
the structure.
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Figure B.5: Integrated 13CO intensity maps (left) and gas-dust correlation plots (right,
description as in Fig. B.2)) of the second (top), third (middle), and fourth (bottom)
velocity component of the filament candidate “G346.293+00.109”. The second, diffuse
component is listed as “G346.293+00.109_1” and the third, partially correlated com-
ponent is listed as “G346.293+00.109_2”. The uncorrelated component is not listed in
the catalog. The first velocity components of the candidate is shown in Fig. B.4.
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Figure B.6: Fraction of the filament mass derived from corrected ATLAS-
GAL+PLANCK dust continuum emission dependent on the box-diameter of the mask
separated with distances. Top left: d < 2 kpc, Top right: 2 kpc < d < 4 kpc, Bottom
left: 4 kpc < d < 8 kpc, Bottom right: d > 8 kpc. The gray lines indicate the physical
beam size at these distances. The black lines show the theoretical profiles, which de-
scribe a Plummer-like p = 1.5 (dashed) or p = 2.0 (dash-dotted), and a Gaussian with
w = 1.0 (dotted).
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Figure B.7: Fraction of the filament mass for partially correlated (blue) and diffuse
component (red) filaments derived from 13CO emission dependent on the box-diameter
of the mask separated with distances. Top left: d < 2 kpc, Top right: 2 kpc < d <

4 kpc, Bottom left: 4 kpc < d < 8 kpc, Bottom right: d > 8 kpc. The vertical gray lines
indicate the physical beam size at these distances. The black lines show the theoretical
profiles, which describe a Plummer-like p = 1.5 (dashed) or p = 2.0 (dash-dotted), and
a Gaussian with w = 1.0 (dotted).
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