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Abstract. Observations of the massive star-forming region G335.79+0.17 reveal dense, hot molecular gas
toward two cores, P1 and P2, traced by methyl cyanide, its isotopologue, methyl acetylene, formaldehyde and dust
continuum emission. Only these two hot cores are detected, highlighting a chemically rich environment typical of
early massive star formation. Velocity gradients in opposite directions provide strong evidence of molecular gas
rotation. Rotational diagram analysis shows that core P1 is hotter than P2, with methyl cyanide and its isotopologue
tracing gas near the protostar, while methyl acetylene traces cooler outer layers.
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1. Introduction

High-mass star-forming regions (HMSFRs) are among the most dynamic and chemically rich
environments in the interstellar medium (ISM), hosting the earliest stages of massive star formation. High-
mass stars (M > 8 Mg) form within massive (~10° M) and dense (10*-10° cm~3) molecular clumps, typically
~1 pc in size and supported by turbulent motions [1-3]. These clumps harbor luminous, embedded infrared
sources known as high-mass young stellar objects (HMYSOs), which represent the early evolutionary stages
of individual massive stars or multiple stellar systems. Massive star formation frequently takes place in highly
dynamic environments where large-scale processes such as cloud—cloud collisions and filamentary accretion
play a central role in gas compression and clustered star formation [4,5]. These mechanisms not only enhance
star formation efficiency but can also trigger core—core interactions within dense molecular clumps, further
driving the growth of massive protostars [6,7]. Alternatively, similar morphologies may result from hub—
filament systems, where gravitational collapse and ordered accretion flows feed dense cores [8-11]. In addition
to collisional and filamentary accretion scenarios, stellar feedback from evolved systems can both trigger and
suppress star formation [12-14].

Star-forming regions are also key environments for the build-up of chemical complexity in the ISM. The
molecules found in these regions trace chemical processes that give rise to complex species. Complex organic
molecules (COMs) are generally defined as carbon-bearing species with six or more atoms [15]. Their
formation routes, whether in the gas phase or on dust grains, remain uncertain. Symmetric top molecules serve
as valuable tracers of gas temperature, with methyl acetylene (CHsCCH) and methyl cyanide (CHsCN) being
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prominent examples [16]. Formaldehyde (H2-CO), a key precursor of CH3OH in grain-surface chemistry, is a
well-established tracer of gas kinetic temperature owing to its slightly asymmetric rotor structure [17,18].
H>CO has been widely used to probe dense gas in both nearby molecular clouds [19,20] and massive complexes
such as Cygnus-X [21]. G335.79+0.17 has been identified as a Class Il methanol maser and an OH maser
source [22], and is thought to be located at a distance of 3.4 kpc [23]. Its mid-infrared Spitzer properties are
consistent with a high-mass young stellar object (HMYSO) [24]. Studying dynamic and chemically rich
regions can be guided by methods used in other rapidly evolving astrophysical systems, where early, multi-
band observations have been crucial for determining their physical and chemical properties [25].

The main aim of this work is to investigate the emission properties of CH3CCH, CH3;CN and H.CO toward
the hot molecular core in G335.79+0.17. The analysis aims to constrain the physical and chemical structure of
the core by deriving gas temperature, column density and kinematic properties, thereby clarifying the
evolutionary stage of the embedded HMYSO.

2. Observations and data reduction

Archival ALMA Band 7 data (Project 2021.1.00720.S) covering the frequency range 275.596-291.491
GHz were used to investigate molecular line emission toward the G335.79+0.17 region. The observations were
carried out in April 2022 with the 12 m array. The array configuration provided baseline lengths between
25.201 m and 183.800 m, yielding a synthesized beam size of 0. "670.

The spectral setup consisted of seven spectral windows, spanning the ranges 275.612-278.080 GHz,
277.113-278.987 GHz, 289.964-290.433 GHz, 290.447-290.564 GHz, 290.615-290.732 GHz, 291.227-
291.344 GHz, and 291.370-291.487 GHz. The phase center was set at 0(J2000) = 16"29™47% , §(J2000) =
—48°15'52", and the resulting data cube has a spectral resolution of 282.227 kHz. The systemic velocity of the
source is approximately -50 km s*. Calibration and reduction were performed using the Common Astronomy
Software Applications package (CASA) [26]. The continuum emission was subtracted in the visibility domain
using the CASA task uvcontsub, which fits and removes continuum emission from line-free channels. The
resulting continuum-subtracted visibilities were then imaged using the CASA task tclean to produce spectral
line data cubes and continuum images.

3. Results and discussion

The dust continuum emission traces the distribution of dense material and enables the identification of
compact cores that host ongoing star formation. In contrast, the H,CO emission delineates filamentary and
streamer-like dense gas surrounding the hot cores, thereby providing complementary information to the
continuum morphology. The H.CO (4,3-3>,2) transition at 291.238 GHz was analyzed together with ALMA
1.1 mm continuum data to investigate G335.79+0.17. Figure 1 shows the H,CO (42:3-322) moment 0 map with
overlaid 1.1 mm dust continuum contours, along with several maser spots indicated: H.CO at 22 GHz (white
triangle), OH at 1665 MHz (yellow triangle), CH3OH Class Il at 38.2 GHz (blue triangle), and CH3;OH at 6.67
GHz (black triangle). The H,CO moment O emission is concentrated in two peaks, corresponding to the
continuum, which are associated with the hot cores G335.78+0.17 P1 and P2. These cores were previously
reported with systemic velocities of -51 km st and -46 km s at a distance of 3.4 kpc. For consistency, the
same nomenclature is adopted, referring to them as cores P1 and P2. At this distance, their projected separation
of 12.25" corresponds to =0.2 pc. Core P1 exhibits a U-shaped morphology elongated along the east—west
direction, with an integrated H.CO intensity of 4 Jy beam™ km s™2, brighter than that of P2 (3 Jy beam™ km
s1). Their physical parameters, derived from 2D Gaussian fitting of the continuum emission with CARTA,
are summarized in Table 1.

Table 1. Derived parameters of the continuum sources in G335.79+0.17.

FWHM (")
Major x Minor

P1 [16"29M47°51 + 0.0002 [-48°15'48"05+0.01"|2.21 +0.02 x 0.99 + 0.01 3.54 +0.03 18.09 +0.20
P2 16"29™47°13 £ 0.002 -48°15'50"02 +0.02" | 0.70 + 0.04 x 1.16 + 0.08 0.10+0.01 0.19+0.02

Source RA (J2000) DEC (J2000) Peak (Jy beam 1) Flux (Jy)

Figure 2 presents the molecular line spectra toward G335.79+0.17 P1, extracted from a circular region
with a diameter of 0.9” centered at (RA, Dec) = (16:29:47.3388, —48°15'52.3963"). The upper panel shows
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nine K-components (K = 0-8) of the CH3CN J = 15 — 14 transition (blue) and seven K-components (K = 0—
6) of the CH3*CN J = 15 — 14 transition (red), along with CH3OH v;= 0, 26(3,24)-26(2,25)*" at 275.663 GHz;
CH3OCHO: v =1, 23(4,20)-22(4,19) A at 275.766 GHz, 46(11,36)-45(12,33) E at 275.698 GHz; (CH3).CO
14(13,2)-13(12,2) EE at 275.741 GHz. The lower panel displays the CH3CCH J = 17 — 16 transition, detected

over 290.413-290.502 GHz with five K-components (K = 0-4).
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Fig.1. Moment O color map of the H2CO (42,3-322) emission, overlaid with contours of the 1.1 mm dust continuum

emission toward G335.79+0.17. Contours are plotted at 1o, 55, 200, 1000, and 600c, where ¢ = 0.005 Jy beam™.
The synthesized beam of the continuum (red) and H,CO (black) is shown in the lower left corner.
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Fig. 2. Molecular line spectra toward G335.79+0.17 P1, extracted from a circular region with a diameter of
0.9" centered at (RA, Dec) = (16:29:47.3388, —48°15'52.3963").

To investigate the kinematics of the molecular gas in G335.79+0.17, the emission from CHsCN and

CH3CCH was used. These molecular transitions provide a means to analyze the gas distribution and serve as
a basis for understanding the internal dynamics and evolutionary processes within the P1 and P2 cores. Figure
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3 presents the moment 0, 1 and 2 maps of the K = 3 rotational transitions of CH3;CN (J = 15 — 14; upper panel)
and CH3CCH (17 — 16; lower panel) toward cores P1 and P2.
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Fig. 3. Moment 0 (left column), moment 1 (middle column), and moment 2 (right column) maps of the CHsCN
(155—14s, top panels) and CH3CCH (175—16s, bottom panels) transitions. Superimposed are contours of the continuum
emission. Contours are plotted at 16, 56, 200, 1000, and 6000, where ¢ = 0.005 Jy beam ™. The black ellipse shown in
the bottom left corner indicates the synthesized beam size.

In the moment 0 maps of CHsCN the peak intensity is ~8 Jy beam™ km s™tin core P1 and ~3 Jy beam™
km s™! in core P2. In the moment 1 maps, core P1 exhibits a velocity gradient of ~3 km s™* oriented from
northeast to southwest across all three components. The gradient direction is highlighted by the red dashed line
in Figure 3, corresponding to a position angle of 68°. A similar dual-core structure has been reported by [27],
and comparable gradients have been observed in G333.6-0.2 [28] and G301.1364-00.2249 A [29]. Core P2
also shows a velocity gradient of ~3 km s™, oriented from northwest to southeast. These gradients provide
clear evidence of rotational motions in the molecular gas, and the gradients in cores P1 and P2 display a
symmetric configuration. _In the moment 2 maps, the velocity dispersion in the central regions of both cores
reaches ~6 km? s™2. Such high dispersions are typical of hot molecular cores, suggesting that the gas is
embedded in a dense medium with substantial turbulence.

In the moment 0 maps of CH3CCH, the peak intensity in core P1 reaches ~1.5 Jy beam™* km s™%, whereas
in core P2 the emission is weaker (~0.7 Jy beam™* km s™1). The velocity gradients observed in the moment 1
maps for both cores are consistent with those traced by methyl cyanide (CH3CN), confirming the reliability of
the inferred kinematic structures. However, in the northern region of core P1, the methylacetylene emission
reveals additional localized velocity features. In particular, elongated streamer-like structures are identified,
exhibiting a clear south—north velocity gradient [30]. The velocity dispersion (moment 2) is enhanced in the
central region of core P1, reaching values up to 0.8 km? s™2, indicative of turbulence characteristic of hot
molecular cores [31]. These streamer-like features, visible in the moment 1 map, are not associated with
significant velocity dispersion in moment 2, suggesting relatively ordered motions rather than turbulence-
dominated kinematics.

The emission morphology of CH3CN and CHsCCH is similar, with the integrated intensity peaks
coinciding with the dust continuum peaks toward cores P1 and P2, indicating dense gas and confirming the
presence of hot molecular cores. The inferred rotation of the molecular gas is roughly perpendicular to the CO
outflow axis, traced by *CO (6-5) and >CO (6-5) [32]. The detected maser emission toward both cores further
indicates compact, dense, and dynamically active regions associated with massive star formation.

The rotational temperature and total column density of the lines were derived using MAdrid Data CUBe
Analysis (MADCUBA) assuming local thermodynamic equilibrium (LTE) [33]. The physical parameters are
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calculated based on the population diagram method, where the relationship between the upper-level column
density and the excitation energy is expressed by the following rotation diagram equation:

log (Nin ) - _(l;)g: ) (i_;) +log (QN(t;:i)) )

where N, represents the column density in the upper level, gu is the statistical weight, T is the rotational
temperature, E, is the upper-level energy, kg is the Boltzmann constant, Nt is the total column density, and
Q(Tro) is the partition function.

Figure 4 shows the population diagrams derived from this linear relationship: the left panels correspond
to the CH3CN (J = 15 — 14) transitions, the middle panels to CH3z™*CN (J = 15 — 14) and the right panels to
CH3CCH (J = 17 — 16). The derived rotational temperatures and column densities for cores P1 and P2 are
summarized in Table 2. The uncertainty on Tt was obtained from the standard error of the linear fit to the
rotation diagram as calculated by MADCUBA. Table 2 shows that the highest rotational temperature is
obtained from methyl cyanide (553 + 72.2 K), while significantly lower values are derived from CH3;CCH
(117.6 £ 17.4 K) and CH3™CN (229.2 + 67.6 K).
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Fig.4. Population diagrams of CH3CN (J = 15 — 14; left panels), CH3*CN (J = 15 — 14; middle panels), and CH;CCH
(J =17 — 16; right panels) for cores P1 (top row) and P2 (bottom row). The blue solid lines represent the best linear fits
to the data points.

Table 2. Rotational temperatures and total column densities derived from the population diagram analysis for
CH3CN, CH3!CN and CH3sCCH toward cores P1 and P2.

Species Trot (K) N (cm™?)

Core P1 Core P2 Core P1 Core P2
CHsCN 553 +72.2 419.5 +50 1.51 x 10% 5.24 x 1013
CHsBCN 229.2 £+ 67.6 172.9 + 35.8 6.91 x 10%? 2.57 x 1012
CH;CCH 1176 £17.4 115.8 + 47 4.57 x 10™ 5.24 x 1013

The discrepancies among these temperatures indicate that the molecules trace distinct gas layers within
the hot core. CH3CN desorbs from dust grains at radii closer to the protostar-where the gas is warmer-naturally
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accounting for the higher temperature measured from this species. In contrast, CHsCCH desorbs at larger radii,
corresponding to cooler regions [34]. The integrated intensity maps further support this interpretation, showing
that CHsCN emission is more compact, while CHsCCH emission is more extended, particularly toward the
northeast. Taken together, the results demonstrate that core P1 is substantially hotter and denser than core P2.

4. Conclusion

The HMYSO G335.79+0.17 was studied using ALMA Band 7 observations. The emission of molecular
lines coincides with the dust continuum peaks, revealing two distinct hot cores: P1 and P2.

Rotational diagram analysis of CH;CN and CH3;CCH yields temperatures of 553 + 72, 229 + 68 and 118
+ 17 K for P1, with corresponding column densities of 1.51 x 104, 6.91 x 102 and 4.57 x 10 cm. For P2,
the temperatures are 420 + 50, 173 + 36 and 116 + 47 K, with column densities of 5.24 x 103, 2.57 x 10'? and
5.24 x 108 cm™. These results indicate that core P1 is significantly hotter and denser than P2, exhibiting
stronger emission and a more pronounced velocity structure, highlighting its dominant dynamical activity.

Velocity gradients were detected in both cores, oriented northeast—southwest in P1 and northwest—
southeast in P2, with opposite redshifted directions, providing strong evidence of rotational motions within
both cores. The turbulence and central maser emission confirm that the hot cores are dynamically active sites
of massive star formation, whereas the nearby streamer-like structures exhibit markedly lower turbulence,
indicative of more ordered kinematics.

These results directly address the goal of this study: the observed rotational motions appear to play a
critical role in regulating gas accretion and driving the star formation process in G335.79+0.17, thereby
clarifying the evolutionary stage of the embedded high-mass young stellar object.
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