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Galactic Star Formation with NIKA2 (GASTON):

Evidence of mass accretion onto dense clumps
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Abstract. High-mass stars (m. = 8 M) play a crucial role in the evolution
of galaxies, and so it is imperative that we understand how they are formed.
We have used the New IRAM KIDs Array 2 (NIKA2) camera on the Institut
de Radio Astronomie Millimétrique IRAM) 30-m telescope to conduct high-
sensitivity continuum mapping of ~ 2 deg? of the Galactic plane (GP) as part of
the Galactic Star Formation with NIKA2 (GASTON) large program. We have
identified a total of 1467 clumps within our deep 1.15 mm continuum maps and,
by using overlapping continuum, molecular line, and maser parallax data, we
have determined their distances and physical properties. By placing them upon
an approximate evolutionary sequence based upon 8§ um Spitzer imaging, we
find evidence that the most massive dense clumps accrete material from their
surrounding environment during their early evolution, before dispersing as star
formation advances, supporting clump-fed models of high-mass star formation.

1 Introduction

Obtaining an understanding of the origin of the stellar initial mass function (IMF) is one of
the most important goals of contemporary astrophysics. Over the last decade, the advent of
Herschel observations have highlighted the link between dense filamentary structures within
the interstellar medium (ISM) and star formation [1, 2]. Thermally supercritical filaments
are susceptible to gravitational fragmentation along their primary axis, resulting in strings of
dense cores [e.g. 3] that may explain the shape of the IMF in the mass range 0.1 < m. < 5Mg
[4, 5]. However, this core-fed scenario may be insufficient outside these mass limits; some
observations [e.g. 6, 7] and simulations [e.g. 8, 9] suggest that high-mass star formation
requires the large infall rates found at the centres of globally-collapsing molecular clouds in a
clump-fed scenario, while brown dwarf-formation may require processes such as dynamical
ejection from multiple star systems [10] or circumstellar disc fragmentation [11].

To tackle the origin of the IMF at the low- and high-mass extremes, the 200-hour GAS-
TON large program (PI: N. Peretto) is conducting deep mapping of a region of the Galactic
plane that is rich in high-mass star formation, in addition to surveying more nearby clouds for
pre-brown dwarfs, whilst exploiting the dual waveband capabilities of NIKA?2 on the IRAM
30-m telescope to study potential environmental variations in dust properties. In this proceed-
ing, we summarise recent results from the GP survey [12], focusing on the transition between
the core-fed and clump-fed modes of star formation.

2 Observations

We simultaneously observed a sector of the Galactic Plane in 1.15 and 2.00 mm continuum
wavebands using NIKA2 [13—16], which have angular resolutions of 11.1 and 17.6 arcsec,
respectively. The region is centred on £ = 23.9°,b = 0.05°, and approximately covers an
area of 2 deg” with fairly uniform sensitivity. The observations consist of pairs of scans
centred on three different positions (£ = 23.3°,23.9°,24.5°, with b = 0.05°) with position
angles alternating between +30° from the normal to the Galactic plane. Flux calibration is
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Figure 1. The GASTON GP field at 1.15 mm. The NIKA?2 field of view and beam size are indicated by
the grey and black circles, respectively, in the lower-left corner.

performed via observations of primary calibrators, mainly Uranus and Neptune, and pointing
uncertainties are < 3 arcsec. The data were reduced using the NIKA?2 collaboration’s IDL
pipeline. The results presented here were obtained from the 1.15 mm image obtained after
approximately 30 hours of observations between October 2017 and February 2019. As of
August 2021, the GP observations are 92% complete, out of their total 73.6 hours of allocated
time. We display the 1.15 mm map in Figure 2.

3 Source extraction and determination of physical properties

We extracted sources within the 1.15 mm map using the Python AsTRODENDRO implementation
of dendrograms [17], after smoothing the image to 13 arcsec resolution to slightly increase
the signal-to-noise ratio. The global rms of the 1.15mm map, determined from the null
maps produced by the IDL pipeline, is 4.18 mJy per 13-arcsec beam in 2.5-arcsec pixels.
We catalogued 488 independent emission structures (dendrogram trunks), containing a total
1467 compact sources (leaves) that contain no further discernible substructures, that will be
the focus of our analysis.

We determined systemic velocities for all sources by first creating an average spectrum
within each source footprint in overlapping 21 arcsec-resolution '*CO (1-0) data from the
FUGIN survey [18], and assigned the velocity corresponding to the brightest emission. Sec-
ondly, we revised these velocities for sources which also have overlapping coverage in the
RAMPS pilot study data [19]. These observations of the NHj3 (1,1) inversion transition
are more appropriate for tracing dense gas, and the observations show better morphologi-
cal agreement with the 1.15 mm structures than the FUGIN data, although the lower angular
resolution (32 arcsec) will probably result in incorrect velocities in some cases. We will even-
tually revise these velocities with dedicated follow-up observations of dense gas tracers such
as NoH* (2-1). Velocities were then converted to kinematic distances by adopting a Galactic
rotation curve model [20], and the assumption that the sources are following circular orbits
around the Galactic centre. We used version 2.4.1 of the Bayesian distance calculator [21], to
determine kinematic distance solutions for all of our sources, though we removed the spiral
arm model’s influence on the resulting distances since we do not know a priori that all our
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Figure 2. The infrared-bright
fraction, firg, of all compact sources
as a function of 160/250 um
temperature, coloured by the
bolometric luminosity to mass ratio.
Sources with no compact 70 um
counterpart are shown as black
circles. On the secondary axis, we
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sources belong to the spiral arms. We also directly adopted maser parallax distances where
possible, in place of the less accurate kinematic distances. Finally, we use a combination of
friends-of-friends algorithm, and information contained within the hierarchical structure of
the dendrogram, to refine the distances for sources whose velocities were less well defined.
In total, we place 92 percent of the compact sources at the near kinematic distance solution,
with a median distance of 5.6 kpc. Around 90% of the sample lies between 3.5 and 7.0 kpc.

Masses were determined by assuming a modified blackbody for the continuum emission,
with dust temperatures estimated using the Herschel 160/250 um flux density ratio method
[22], and a dust absorption coefficient of 0.1(v/THz)'® [23]. The integrated flux densities of
each source were first background-subtracted to remove the contribution from overlapping
structures in complex regions. We also define a new quantity for each source, the infrared-
bright fraction (firg), giving the fraction of pixels within the source that are brighter in 8
pm Spitzer/GLIMPSE [24] imaging than the median value within a 4.8-arcmin box (the size
of which approximates the largest structures within the GLIMPSE data). We use firg as a
tracer of the relative evolutionary stage of each source, since very young sources tend to be
infrared-dark (i.e. firg = 0), while sources in an advanced stage of star formation tend to be
infrared-bright (firg = 1). In Figure 3, we demonstrate the utility of firp as an evolutionary
tracer, which correlates well with temperature, as well as the bolometric luminosity-to-mass
ratio, and likelihood of a coincident compact 70 um source [25].

4 Mass and temperature evolution

We refer to the compact sources within our catalogue as clumps, though we note that, given
the range in deconvolved sizes (~ 0.05-2 pc) and background-subtracted masses (~ 1-5 X
103 M), our sample suggests that it contains a mixture of both cores (i.e. the precursors of
individual star systems) and clumps (i.e. the precursors of stellar clusters).

To quantify the evolution of the properties of the sources, we create a distance-limited
sample of the clumps, selecting only those with distances of 3.5 < d < 7.0 kpc, and then
break that sample into four equal-sized subsamples (labelled i—iv) depending on their firp
values. In Figure 4, we display the (logarithmic) mass—temperature distributions for four
subsamples, and a number of important points are evident. Firstly, the mean temperature
increases monotonically as we progress through the samples from infrared-dark to infrared-
bright, reflecting the evolution of the underlying star formation. Secondly, we notice that the
mean value of the mass is significantly enhanced (when considering the errors on the mean)
in stages ii) and iii) compared to i) and iv). Finally, the scatter also increases monotonically.

We compare what we see in Figure 4 to models of core- and clump-fed evolution [26] in
mass—temperature space. For core-fed evolution, we would expect to see sources maintaining
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Figure 3. Clump mass as a function of dust temperature for the four distance-limited subsamples of
clumps. For each subsample, the mean value in both axes is shown as an orange square, along with
the associated error, and approximate 1- and 2-o- confidence ellipses are shown in red. Sources with
a compact 70 um counterpart are coloured by the corresponding bolometric luminosity, while those
without are shown as grey circles. The sensitivity limits for point-like and extended sources are shown
as purple dashed and dotted curves, respectively.

a constant mass at early stages in their evolution, before being dispersed by feedback as star
formation progresses. By contrast, if the evolution is clump-fed, we expect to see sources
gaining mass at early stages, before losing mass at the later stages. The increases of the
mean mass in stages (ii) and (iii) compared to (i), which are significant at the 3.1- and 4.3-
o levels, respectively, suggests that the populations, as a whole, are gaining mass between
these phases, and then losing mass, on average, between stage (iii) and (iv). This would be
inconsistent with a population of sources undergoing purely core-fed star-formation, and so
we interpret this as evidence that sources are accreting material from their wider environments
in a clump-fed scenario.

5 Summary

We have presented an analysis of deep 1.15 mm continuum mapping of ~2 deg? of the Galac-
tic plane centred on ¢ = 24° using NIKA2. After approximately 40% of the target integration
time, we have identified almost 1500 compact sources after smoothing to 13 arcsec resolution,
and identified systemic velocities and distances, and thereby calculated physical properties.
By splitting a distance-limited sample into subsamples based on the firg evolutionary indi-
cator, we find evidence for the mass growth of the compact sources, supporting models of
clump-fed star formation in which material is accreted from the wider environment. We ex-
pect observations for the GP survey to be concluded during the Winter of 2021-22, enabling
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the production of maps that are at least twice as deep as those presented in this study, and
therefore enhancing the statistical power of this study.
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