EPJ Web of Conferences 257, 00037 (2022) https://doi.org/10.1051/epjconf/202225700037
mm Universe @ NIKA2

Galactic star formation with NIKA2 (GASTON):
Filament convergence and its link to star formation
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Abstract. In the past decade filaments have been recognised as a major struc-
tural element of the interstellar medium, the densest of these filaments hosting
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the formation of most stars. In some star-forming molecular clouds converging
networks of filaments, also known as hub filament systems, can be found. These
hubs are believed to be preferentially associated to massive star formation. As
of today, there are no metrics that allow the systematic quantification of a fila-
ment network convergence. Here, we used the IRAM 30m NIKA?2 observations
of the Galactic plane from the GASTON large programme to systematically
identify filaments and produce a filament convergence parameter map. We use
such a map to show that: i. hub filaments represent a small fraction of the global
filament population; ii. hubs host, in proportion, more massive and more lumi-
nous compact sources that non-hubs; iii. hub-hosting clumps are more evolved
that non-hubs; iv. no discontinuities are observed in the properties of com-
pact sources as a function of convergence parameter. We propose that the rapid
global collapse of clumps is responsible for (re)organising filament networks
into hubs and, in parallel, enhancing the mass growth of compact sources.

1 Introduction

The existence of interstellar filaments has been known for more than four decades [1]. Their
ubiquity within the interstellar medium, however, has only been recognised with the launch
in 2009 of the Herschel mission, and its mapping of the sky in the far-infrared [2, 3]. Since
then filaments are front and centre of a large fraction of star formation research, and numerous
breakthroughs have been made. It has been shown, for instance, that the majority of prestellar
cores, and, by extension, the majority of stars form as the result of the fragmentation of
individual 0.1pc-wide self-gravitating filaments [e.g. 4, 5]. Massive star-forming cores, on
the other hand, seem to preferentially find themselves at the centre of converging networks of
filaments, or hubs [e.g. 6, 7]. This raises a number of questions on the physical relationship
between filament convergence and the evolution of star-forming clouds. It has been proposed
that hub formation is a two step process, with the formation of individual filaments first and
then the collision of filament pairs in a second step [8]. One key aspect of such scenario is
the existence of two distinct formation path for individual and hub filaments. In the study
presented here, we use the very sensitive 1.15mm continuum data of the GASTON large
programme on the IRAM 30m to determine the time evolution of compact millimetre sources
as a function of the local filament network convergence.

2 GASTON observations and catalogue

GASTON is a 200h guaranteed-time large programme on the IRAM 30m telescope (PI: N.
Peretto). About a third of the allocated time has been used to map a ~ 2 deg? region of the
Galactic plane around ¢ = 24° at 1.15mm and 2mm using the NIKA2 instrument [9, 10]. In
the present study, we only make use of the 1.15mm image which has an angular resolution
of 12", a pixel size of 3", and a rms sensitivity of 3.45 mJy/beam (see Fig. 1), achieved with
only half of the allocated time. In addition, we also make use of the GASTON catalogue
of 1.15mm compact source presented in [11]. In that catalogue, the distances and infrared
brightness of all ~ 1400 sources are given. The latter provides an indication on how bright the
source parent clump is at 8um, and is used here as a time evolution tracer [11, 12]. Finally,
all GASTON sources have been cross-correlated with the Hi-GAL source catalogue [13].

3 Quantifying filament convergence and hub definition

Even though the study of hub filament systems has become, in the past 10 years, relatively
widespread, there is no clear definition of what a hub is. For the first time, we propose to
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Figure 1. (left): GASTON 1.15mm image of the £ = 24° region (colour scale). The identified filament
skeleton is overlaid on top as grey solid lines. (right): Map of the convergence parameter f.. Same as
in the left hand side panel, the skeleton is overlaid on top of the image.

quantify the convergence of filaments in star-forming regions through the construction of a
new convergence parameter, f.. In order to do this, we first need to build the skeleton of the
filament network within the GASTON 1.15mm image of the ¢ = 24° region. For that purpose,
we use the same second derivative method as presented in [e.g. 14]. Skeletons are obtained
by first using a local thresholding on the eigenvalue images, selecting only regions that have
negative eigenvalues lower than -3 times the local standard deviation. The python skelefonize
function is then used to thin each region to a 1-pixel width skeleton. We set a lower limit
on the length of individual filaments to twice the beam size (~ 24" - 0.6pc at 5.2 kpc, the
median cloud distance in the £ = 24° field). Figure 1 shows the resulting skeleton overlaid on
top of the GASTON 1.15mm image. A total of ~ 2600 filaments are identified in the £ = 24°
field. Compared to published catalogues of Galactic plane filaments, the GASTON filament
density is larger, however those studies were typically geared towards the detection of larger-
scale filaments [e.g. 15, 16]. Since hubs have been in the past mostly visually identified in
mid-infrared extinction, a visual check between our GASTON skeleton and the Spitzer 8um
image of the field is performed (see Fig. 2). The agreement is excellent and shows the power
of our GASTON 1.15mm image in identifying small scale filamentary structures.

Next we want to construct a new metric allowing to quantify how hub-like a network of
filaments really is. This is the first ever attempt to provide an objective definition to what a
hub is. For that purpose we define the following convergence parameter f,:

Npix

ity = Ny 22D M
where (x, y) is the pixel coordinate in the image, Ny is the number of unique filaments that
enter the search radius 7, Npix is the total number of skeleton pixels that are within the
search radius, Ad is the angle difference between the direction defined by the pixel (x, y) and
the skeleton pixel i, and the tangential direction of the skeleton at pixel i. Finally, C, is a
normalisation constant such that a hub of six perfectly radial parsec-long connected filaments
has a f; value of 1. The presence of the Ny is needed to ensure that, for a fixed value of Npiy,
networks of converging filaments have larger f. values than single filaments. This definition
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Figure 2. (left): Histogram of the f, values presented in Fig. 1. (right): zoom-ins of 4 different sources
exhibiting the range of f, values with their peak value indicated on the image. For each of the four pairs
of images, we display the convergence map on the left and the corresponding Spitzer 8um image on the
right hand side. The skeletons are overlaid on top of each panel, and f, contours from 0.1 to 0.5 by step
of 0.1 are also displayed on the convergence images. For context, the search radius r; is about 0.01°.

of the convergence parameter implies that high f, value positions exhibit a high level of
filament convergence within a radius r,, while low f,. value implies the opposite. In this study
we chose r; = 39”, which corresponds to ~ 1 pc at the cloud median distance of 5.2 kpc.
Figure 1(right) shows the resulting convergence map obtained from the underlying filament
skeleton where high convergence spots can clearly be seen.

Figure 2(left) shows the histogram of f, values presented in Fig. 1, ranging from 0 to
0.75. One can see that the distribution can be described by a single power law, with no obvi-
ous breaks. Therefore the segmentation of clumps between hubs and non-hubs is somehow
arbitrary. However one can still investigate what f, values typical hub filament systems have
in order to separate hubs from non-hubs. Figure 2 shows four sources with increasing peak
f. values and increasing filament complexity, the last two of which have peak f. values of
0.26 and 0.50 and exhibit a typical hub morphology. We therefore decide to define hubs as
connected groups of pixels with f. > 0.2. By doing so, we identify 63 hubs and we find that
only 5% of skeleton pixels are located within hubs. Hub filament systems are rare objects.

4 Source properties as a function of convergence parameter

Now that we have established a working definition of a hub, we can investigate the properties
of compact GASTON sources as a function of the type of clump they find themselves into,
and more generally, as a function of their convergence parameter. For that purpose we use
the catalogue of compact sources identified by [11] and split the ~ 1400 compact 1.15mm
GASTON sources in four f, bins: f, < 0.1,0.1 < f, <0.2,0.2 < f. < 0.3, and f, > 0.3, in
which there are 1186, 170, 56 and 19 compact sources, respectively. Based on this splitting,
we can already see that only 8% of GASTON compact sources are embedded within a hub.

First, we want to make sure that there is no distance bias when splitting out source sample
into f, bins. Figure 3(1% row) shows the distance histograms for each f,. bin. The vertical
dash line shows the median value. One can see that there is nearly no change whether in
the shape of the distribution or in the median distance values, all at about 5.2 kpc. Then we
look at the distribution of the source masses. Figure 3 (2" row) clearly shows that there is
an increase in source mass as the convergence parameter increases. In fact the median mass
for the f, < 0.1 bin is at 135 Mg while that of the f. > 0.3 bin is at 1350 Mg, an order of
magnitude larger. This shows that a larger fraction of compact sources associated with hubs
are massive, although massive compact sources are also found in low f; regions.

Next, we investigate how the infrared-bright fraction (firg) of the GASTON sources
evolves as a function of the convergence parameter. The brightness parameter is a mea-
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Figure 3. (1* row): Histogram of distances for the GASTON 1.15mm compact sources identified by
[11]. Each panel corresponds to a range of f. values indicated in each panel. The vertical dashed lines
show the median values. (2" row): same as top row but for the masses of the compact sources. (3™
row): same as top row but for the infrared darkness parameter. (4" row): Same as top row but for
the 70um-based bolometric luminosities. The circular symbols indicate the number of sources with no
Hi-GAL 70um sources, i.e. sources for which the bolometric luminosity could not be computed.

surement of how bright a cloud is as 8um. For instance, infrared dark clouds that do not host
any star formation activity yet will have an infrared brightness parameter of 0. The first of the
four clumps shown in Fig. 2 is a good example of such pristine structure. On the other hand a
cloud which is bright at 8um, such as the last one of the four clumps presented in Fig. 2, will
have an infrared brightness close to 1. Infrared brightness is believed to be a good tracer of
clump evolution [11, 12]. In Fig.3(3" row) we show the histograms of infrared brightness for
the same four convergence parameter bins. There, we see a continuous shift from clumps that
are mostly infrared dark at low f, values, to clumps that are mostly infrared bright at large
f. values. One can interpret this in two ways: hubs are the late stages of clump evolution in
which filament convergence increases with time; infrared dark hubs have a very short lifetime
and become very quickly infrared bright via a strong star formation activity. Note that these
two scenarios are not mutually incompatible. A similar picture can be drawn from Fig. 3(4"
row) where the distribution of bolometric luminosities are presented. Here, the luminosities
are being computed from the 70um flux of internal protostellar sources. On that figure we
can clearly see that hubs host the formation of more luminous sources, including all sources
with Lyy < 10°Le, a result that was already found by [8].
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5 Conclusion

In this study, we have provided, for the first time, a quantitative definition of what a hub is,
and shown that they in fact represent a small fraction of the filament population. We have also
shown that hubs have a higher proportion of massive, luminous, and more evolved compact
sources within them. Also, in all distributions of properties we have investigated, we do not
observe any discontinuity as a function of the convergence parameter but rather continuous
and smooth transitions from single filaments to highly convergent filament networks. This
is a clear indication that hubs do not represent a different population of filament with their
specific formation scenario. Instead we propose that it is the rapid global collapse of clumps
that is responsible for (re)organising filament networks into hubs and, in parallel, for leading
to the mass growth of compact sources.
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