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ABSTRACT

Aims. We aim to identify and characterize cores in the high-mass protocluster W49A, determine their evolutionary stages, and measure
the associated lifetimes.
Methods. We built a catalog of 129 cores extracted from an ALMA 1.3 mm continuum image at 0.26′′ (2900 au) angular resolution.
The association between cores and hypercompact or ultracompact HII (H/UC HII) regions was established from the analysis of VLA
3.3 cm continuum and H30α line observations. We also looked for emission of hot molecular cores (HMCs) using the methyl formate
doublet at 218.29 GHz.
Results. We identified 40 cores associated with an H/UC HII region and 19 HMCs over the ALMA mosaic. The 52 cores with an
H/UC HII region and/or an HMC are assumed to be high-mass protostellar cores, while the rest of the core population likely consists of
prestellar cores and low-mass protostellar cores. We found a good agreement between the two tracers of ionized gas, with 23 common
detections and only four cores detected at 3.3 cm and not in H30α. The spectral indexes from 3.3 cm to 1.3 mm range from 1, for the
youngest cores with partially optically thick free-free emission, to about −0.1, which is for the optically thin free-free emission obtained
for cores that are likely more evolved.
Conclusions. Using the H/UC HII regions as a reference, we found the statistical lifetimes of the HMC and massive protostellar phases
in W49N to be about 6 × 104 yr and 1.4 × 105 yr, respectively. We also showed that HMCs can coexist with H/UC HII regions during a
short fraction of the core lifetime, about 2 × 104 yr. This indicates a rapid dispersal of the inner molecule envelope once the HC HII is
formed.
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1. Introduction

The evolutionary sequence and timescales of the formation of
high-mass stars are still poorly constrained (see e.g., the review
by Motte et al. 2018), partly because of observational difficul-
ties related to low-number statistics and large distances within
the Milky Way. W49A is among the few molecular clouds that
enable us to study, in a single region and with robust statis-
tics, the various evolutionary stages of high-mass star formation,

⋆ The reduced ALMA and VLA data of W49A used in this work are
available at the CDS via anonymous ftp to cdsarc.cds.unistra.fr
(130.79.128.5) or via https://cdsarc.cds.unistra.fr/

viz-bin/cat/J/A+A/687/A84

which are briefly descibed in the following paragraph. Young
massive protostars first drive strong molecular outflows and heat
the inner part of their envelope. Complex organic molecules
(COMs) are released from the grains in the heated region (Herbst
& van Dishoeck 2009), which is called the hot molecular core
(HMC) and is thus characterized by multiple lines from COMs
– the so-called line forest. In contrast to their low-mass analogs,
high-mass protostars are still embedded in their nascent envelope
when they evolve to the main sequence. The extreme ultravio-
let (EUV) radiation from high-mass stars (>8 M⊙) is sufficient
to ionize hydrogen and create an HII region (Churchwell 2002).
As the luminosity of the star keeps increasing, the HII region
expands and breaks through the core and eventually impacts
the whole molecular cloud. Hypercompact (HC) HII regions
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Table 1. Parameters of the continuum images and spectral cubes.

Image Instr. νobs
(a) Bandwidth (b) pixel Resolution (c) 1σ rms

[GHz] [MHz] [′′] [′′ × ′′] [km s−1] [mJy beam−1] (d)

X band cont. VLA 9.107 688 0.06 0.29 × 0.24 – 0.22
Band 6 cont. ALMA 227.950 1230 0.06 0.29 × 0.24 – 0.38
Spw 0 ALMA 217.900 1875 0.07 0.28 × 0.23 0.67 1.47
Spw 1 ALMA 219.860 1875 0.07 0.28 × 0.25 0.67 1.67
Spw 2/H30α ALMA 231.870 1875 0.07 0.27 × 0.20 0.63 1.57
Spw 3 ALMA 233.740 1875 0.07 0.27 × 0.20 0.63 1.57

Notes.
(a)Central frequency of the continuum images or of the spectral windows. The central frequency of the ALMA continuum image is computed

as the intensity-weighted average frequency, with a spectral index of three (see Eq. (1) in Ginsburg et al. 2022). (b)Bandwidth used to create the
continuum images or bandwidth of the cubes. (c)Beam FWHM and channel width. The data cubes have been produced using the default Hanning
smoothing function without channel averaging (N = 1), resulting in a spectral resolution of two channels. (d)1 mJy beam−1 corresponds to 0.34 K at
230 GHz and to 222 K at 9 GHz for the continuum maps.

are usually interpreted as the youngest stage of ionization by
a massive star (e.g., Keto 2007; Tanaka et al. 2016), confined
within cores of sizes ∼10−2 pc or even less and having elec-
tron densities ne > 106 cm−3 (Kurtz 2005). Ultracompact (UC)
HII regions are by definition expected to be larger and less
dense by at least one order of magnitude. However, deep cen-
timeter surveys of protocluster regions (e.g., Ginsburg et al.
2016) have shown that the most common type of hypercompact-
sized HII regions have lower densities, in the range of 104 to
<106 cm−3 (Rivera-Soto et al. 2020). Since a reliable distinc-
tion between these two types of objects requires modeling of
the centimeter to (sub)millimeter spectral energy distribution
(e.g., Keto et al. 2008; Galván-Madrid et al. 2009; Zhang et al.
2022), we refer to all of our detections of small HII emission as
H/UC HII regions.

Located at a distance of 11.1 kpc from the Sun (Zhang et al.
2013), W49A is one of the most luminous protoclusters in the
Galaxy (L ∼ 2.6 × 107

L⊙, Sievers et al. 1991; Lin et al. 2016).
The W49A giant molecular cloud (GMC) has been mapped
from ∼100 pc to sub-parsec scales in the (sub)millimeter con-
tinuum and in molecular lines down to angular resolutions of
a few arcseconds (e.g., Miyawaki et al. 2009; Peng et al. 2010;
Galván-Madrid et al. 2013; Barnes et al. 2020). The W49A GMC
can be divided into three subcomponents, labeled as W49 north
(W49N), W49 south (W49S), and W49 southwest (W49SW).
From CO observations, Galván-Madrid et al. (2013) evaluated
the gas mass of the W49A GMC within a radius of 60 pc to
be 106

M⊙, with the main star-forming hub W49N concentrating
Mgas ∼ 2 × 105

M⊙ within a radius of 6 pc. A cluster of massive
stars with a total mass of about 104

M⊙ has been identified in the
near infrared by Homeier & Alves (2005) at about 3 pc east of the
center of W49N. The study of Saral et al. (2015) with Spitzer also
revealed 232 Class 0/I Young Stellar Objects in the entire W49A
GMC. About 50 HC and UC HII regions have been detected in
W49A (e.g., Welch et al. 1987; De Pree et al. 1997, 2020). The
embedded and infrared-visible stellar populations already drive
significant feedback across the GMC (Rugel et al. 2019). Promi-
nent water maser features extending to hundreds of kilometers
per second from the cloud velocity have been reported within
W49N (e.g., Gwinn et al. 1992; McGrath et al. 2004). Also, five
6.7 GHz methanol masers were reported in the catalog of Breen
et al. (2015). Finally, Wilner et al. (2001) reported the detection
of six HMCs in W49N using CH3CN observations at subarcsec-
ond resolution, and Miyawaki et al. (2022b) studied the HMC
W49N MCN-a (UCHII region J1 in De Pree et al. 1997).

The star-forming core population and star-formation
sequence in W49A, however, have not been explored in detail
so far. In this work, we present a subarcsecond resolution
study of W49A aimed at identifying and characterizing its
core populations as well as the evolutionary sequence from
young star-forming cores to UCHII regions. The Atacama Large
Millimeter/submillimeter Array (ALMA) and Very Large Array
(VLA) observations we used are presented in Sect. 2. The
analysis of the continuum maps and molecular lines presented
in Sect. 3 is used in Sect. 4 to characterize the dust cores and
establish a temporal classification based on their association
with HMCs and UC HII regions. A discussion is proposed in
Sects. 5 and 6 summarizes our main conclusion.

2. Observations

2.1. ALMA data

Observations of W49A at 1.3 mm (Band 6) were carried out
with ALMA in Cycle 5 (project 2016.1.00620.S, PIs: Ginsburg,
Galván-Madrid) between 2017 and 2018. The data consist of a
mosaic of 28 fields with a primary beam of 25.6′′, for a total
mapping extent of about 2.5′ × 1.6′ (8.2 × 5.3 pc). The maxi-
mum recoverable scale of the 12-m array configuration used in
this work is about 11′′.

Continuum data were processed with CASA version 5.4
(CASA Team 2022) using the imaging and self-calibration
pipeline developed by the ALMA-IMF consortium (described in
detail in Ginsburg et al. 2022). The continuum map has been pro-
duced using a selection of line-free channels (equivalent to the
cleanest maps in Ginsburg et al. 2022) from the four spectral
windows (hereafter Spws) of the dataset, summing up to a band-
width of 1.23 GHz. We performed three iterations of cleaning
and phase self-calibration and one iteration of amplitude self-
calibration using model masks of increasing size and decreasing
cleaning thresholds. We used the multi-term (multi scale) multi-
frequency synthesis deconvolver of tclean with two Taylor
terms, a robust parameter of zero, and scales up to nine times
larger than the synthesized beam. The final beam of the 1.3-
mm continuum image has a full-width-half-maximum (FWHM)
size of 0.29′′ × 0.24′′ (≈2900 au at 11.1 kpc). The rms noise mea-
sured in regions far away from the brightest emission, where the
map is not limited by dynamic range, is of 0.38 mJy beam−1 (see
Table 1).
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A first evaluation of the free emission was obtained from the
integrated fluxes, F int

BX, measured in the X band map over the
FWHM of the cores (see Sect. 3.1):

F int
ff,cm = F int

BX

(

νB6

νBX

)α

, (1)

where νB6 = 227.95 GHz and νBX = 9.11 GHz are the refer-
ence frequencies of the ALMA B6 and VLA X band images,
respectively (see Table 1). We took a spectral index of α = −0.1,
assuming that the free-free emission is optically thin all the way
from 3 cm to 1 mm. The fluxes calculated in this way are thus
lower limits to the free-free emission in the ALMA image.

We also constructed a pixel-by-pixel free-free map Iff,RL
using the moment 0 of the H30α recombination line (see, e.g.,
Wilson et al. 2009; Liu et al. 2019):

Iff,RL = 1.432 × 10−4(ν−1.1
0 T 1.15

e
)(

1 + NHe/NH
)

∫

IH30dv, (2)

where the electron temperature is Te = 7000 K (e.g., Zhang et al.
2023), the helium to hydrogen number ratio is NHe/NH = 0.08,
and ν0 is the central frequency of the H30α line. We then
obtained a second evaluation of the free-free emission in B6 by
measuring the integrated fluxes of the cores, F int

ff,RL, on the Iff,RL

map using the method presented in Sect. 3.1.
From the previous measurements, we derived various param-

eters for the cores associated with the H/UC HII regions.
The percentage of free-free emission in B6, defined as Pff =
Fff,RL/FB6, ranges from 22 to 96%. The dust flux in B6 is
expressed as FB6,dust = FB6 − Fff , with Fff = Fff,RL when the
H30α is detected and Fff = Fff,cm when otherwise. By construc-
tion, Fff,RL can be expressed as a function of FB6,dust and Pff :
Fff,RL = FB6,dust Pff/(1 − Pff). We also computed the spectral
index of free-free emission from νBX to νB6:

αff =
log(Fff,RL/FBX)

log(νB6/νBX).
(3)

Finally, we computed the emission measure (EM) of the
H/UC HII emission within dust cores:

EM [pc cm−6] =
∫

n2
edl = 12 τff

[ νBX

GHz

]2.1[Te

K

]1.35
, (4)

with ne as the electron density and τff as the free-free continuum
optical depth, expressed as

τff = − ln
[(

1 −
TB

Te

)]

. (5)

The brightness temperature TB was calculated from the max-
imum intensity in the X band within the FWHM of the cores,
Fmax

BX , and we used a constant electron temperature of Te =

7000 K. Two cores with TB > 7000 K (#3 and #16) and four cores
with 6700 < TB < 7000 K (#1, #2, #7 and #14) are likely to have
a higher electron temperature, considering the condition Te > TB
set by Eq. (5). We computed for these six cores a lower limit
of the emission measure using an opacity of τff = 1.5, which
is in line with the rest of the core sample. The emission mea-
sures of cores with H/UC HII regions range from 4.5× 106 to
3.1× 108 pc cm−6, which are in the range of values found for
ultra-compact HII regions (Churchwell 2002; Hoare et al. 2007).
Table 2 lists the Fff,cm, Fff,RL, Pff , αff , and EM for the 40 cores
with robust and candidate H/UC HII emission.

Table 2. Derived parameters of dust cores associated with H/UC HII
regions.

n F int
ff,cm F int

ff,RL Pff α EM

[mJy.b−1] [mJy.b−1] [%] [pc cm−6]

1 26.3 809.1 >78 >0.96 >2.9e8
2 27.6 422.5 >58 >0.74 >2.9e8
3 40.3 224.2 >61 >0.43 >2.9e8
4 – 90.4 96 – –
5 – 71.5 54 – –
7 29.2 115.3 >61 >0.32 >2.9e8
8 1.1 – – – 1.1e7
9 – 55.8 65 – –
10 8.8 179.6 54 0.83 1.8e8
11 15.8 24.6 44 0.04 1.4e8
12 – 65.3 56 – –
13 9.2 94.8 64 0.62 1.1e8
14 97.1 137.1 >67 >0.00 >2.9e8
15 43.2 39.5 67 -0.13 1.9e8
16 49.6 176.5 63 0.29 2.9e8
17 12.7 80.5 64 0.47 1.7e8
18 0.7 – – – 4.5e6
23 9.1 11.0 62 -0.04 8.3e7
29 12.4 17.6 75 0.01 9.5e7
39 – 17.9 59 – –
40 39.4 40.5 51 –0.09 1.5e8
44 1.0 8.1 37 0.53 8.7e6
46 24.9 35.3 61 0.00 3.1e8
47 14.6 23.7 54 0.05 1.6e8
50 – 9.1 25 – –
59 – 11.2 49 – –
69 12.4 13.6 64 –0.07 4.2e7
72 22.4 19.1 45 –0.15 1.1e8
73 21.6 25.0 55 –0.06 1.7e8
74 2.6 2.9 33 –0.07 1.4e7
78 – 8.1 37 – –
87 10.0 13.7 42 –0.01 1.3e7
94 – 13.8 54 – –
104 0.5 – – – 9.1e6
107 – 7.1 48 – –
112 – 16.7 65 – –
116 2.4 3.6 73 0.02 9.9e6
117 1.7 – – – 1.3e7
131 – 1.3 40 – –
147 – 4.4 22 – –

Notes. The table shows the core identifier, the integrated free-free flux
at 1.3 mm estimated from the 3.3-cm map and from the H30α line,
the percentage of free-free emission in Band 6, the spectral index of
free-free emission, and the emission measure.

4.3. Core classification

We combined the statistics obtained from the detection rates
of H/UC HII regions (see Sect. 4.1) with the HMC detections
(see Sect. 3.3) to build a classification of the dust cores com-
posed of four types: (a) cores without either an HMC or an
H/UC HII region; (b) cores associated with an HMC but with-
out an H/UC HII emission; (c) cores associated with both an
HMC and H/UC HII emission; and (d) cores associated with an
H/UC HII region but without an HMC emission. Within the full
ALMA B6 mosaic, the number counts of each type are as fol-
lows: a): 77 (81), b): 12, c): 7, and d): 33 (29). The numbers
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cause variations in the appearance of the youngest HII regions
(Peters et al. 2010a), including their spectral indices (Peters et al.
2010b). This means that even if H/UC HIIs eventually break free
from their cores on timescales of ∼105 yr, their early evolution
is not necessarily monotonic. We propose that this could be the
cause of the observed spread of values in Fig. 7.

5.3. Lifetimes

Next, we proceed to evaluate the core lifetimes using the evo-
lutionary sequence presented in Sect. 5.1 and shown in Fig. 5.
For this purpose, we considered the population of 109 cores in
W49N, which is where a more complete search of H/UC HII
regions has been made. After summing up 28 cores with
H/UC HII regions and 57 H/UC HII regions not associated with
a dust core, 85 objects fell in the H/UC HII regions category.
Under the hypothesis of constant star formation and assuming
that HMCs are precursors of H/UC HII regions, the ratio of
HMCs to H/UC HII regions (17/85) provides an estimation of
their statistical lifetime. Using the typical lifetime for H/UC HII
regions of 3 × 105 yr calculated from Galaxy-wide surveys
(Churchwell 2002; Mottram et al. 2011), we estimate the lifetime
of the HMC phase to be τHMC ≃ (17/85) · (3× 105) = 6× 104 yr.
The ratio of 17 HMCs to 85 H/UC HII we found in W49, and
thus the inferred lifetime, are smaller than previous estimations
in the same region (6/12, Wilner et al. 2001) and in Sgr B2 (5/8,
Bonfand et al. 2017). However, it is similar to what was found in
another high-mass star-forming region (1/9, Furuya et al. 2005).
The period during which HMCs and H/UC HII regions coex-
ist in W49A (five cores out of 17) appears to be very short,
≃2 × 104 yr (see also the survey of Liu et al. 2021). Therefore,
our results point toward a rapid dispersal of the warm inner
molecular envelope once the HII region appears.

We also used the ratio of high-mass protostellar cores to
H/UC HII regions (40/85, see Sect. 5.1) to estimate the lifetime
of the massive protostellar phase, τproto ≃ 40/85 × 3 × 105

≃

1.4 × 105 yr. Our estimation is about two times lower than the
value reported in the review of Motte et al. (2018), τproto ∼

3 × 105 yr. It is also within the range of durations reported by
Mottram et al. (2011), 7 × 104 yr to 4 × 105 yr for massive YSOs
with luminosities from 104 to 105L⊙. Our estimation of the life-
time of the massive protostellar phase may be a lower limit if
we are missing detections of HMCs or H/UC HII regions. For
example, it has been reported that a large dust optical depth
could hinder the detection of molecular lines in emission (e.g.
De Simone et al. 2020). Conversely, our estimation of the num-
ber of high-mass protostars may be an upper limit if some of the
HMCs are associated with intermediate-mass protostars that will
not evolve to high-mass stars or if our 3000-au cores subfragment
into several intermediate- and low-mass stars.

6. Conclusions

We presented an analysis of the star-formation activity in W49A
based on the first millimeter continuum survey in this region.
Our main results and conclusions are as follows:
1. We built a 1.3-mm continuum image at 0.29′′ ×0.24′′ resolu-

tion from ALMA B6 observations and constructed a catalog
of 129 cores extracted using the getsf algorithm.

2. We looked for cores associated with H/UC HII regions by
analyzing the VLA X band map (3.3 cm, De Pree et al. 2020)
dominated by free-free emission and the H30α recombina-
tion line at 231.9 GHz covered by our ALMA observations.
We found a good agreement between these two tracers of

ionized gas, with 23 common detections and only four cores
with HII regions detected only in the X band map, out of 109
cores within the VLA field of view.

3. We identified a total of 36 cores associated with H/UC HII
regions over the entire ALMA mosaic as well as four other
cores tentatively associated with H/UC HII regions. We mea-
sured their integrated free-free flux and derived their dust
flux at 1.3 mm.

4. The spectral indexes from 3.3 cm to 1.3 mm range from 1,
for the youngest cores with partially optically thick free-free
emission, to about –0.1, which is for optically thin free-
free emission obtained for cores allegedly more evolved.
The emission measures, which range from 4.5 × 106 to
3.1 × 108 pc cm−6, are typical of H/UC HII regions.

5. We also found, using the methyl formate doublet at 218.281
and 218.298 GHz within the spectral coverage of our ALMA
B6 data, that 19 cores are associated with HMC emission.
Seventeen HMCs are located within the central subregion
W49N. Notably, this is about three times the number of
HMCs previously reported by Wilner et al. (2001), and this
finding places W49 as being among the protoclusters with
the best statistics for HMC studies, along with W43 and
W51(Brouillet et al. 2022; Bonfand et al. 2024).

6. We combined these two tracers of high-mass star formation
(HMC and HII region emission) to propose a classification
of the cores according to their evolutionary stage. Within
W49N, covered by the VLA map, 69 cores without an HMC
or an H/UC HII region are labeled as “young cores”, mean-
ing that they are either prestellar or lower-mass protostellar
cores. The five cores with an HMC and an H/UC HII region
are assumed to be more evolved than the 12 cores with only
HMC.

7. We found 23 cores with an H/UC HII region and no HMC.
We also included a fifth category of objects, UC HII regions
not associated with dust cores. They account for two-thirds
of the total number of H/UC HII regions in the considered
field and represent the most evolved UC HII regions, after
the dispersal of the dust envelope.

8. We estimated the statistical lifetimes of the HMC and mas-
sive protostellar phases in W49 to be 6 × 104 yr and 1.4 ×
105 yr, respectively, based on the duration of the H/UC HII
phase of 3× 105 yr. The identification of massive protostellar
cores is based on the association between a dust core and an
HMC and/or an H/UC HII region. These estimations could
be upper limits, considering the possible sub-fragmentation
of HMCs into less massive protostars.

9. We found that HMCs and H/UC HII regions coexist in
W49A during a short period of ≃2 × 104 yr. This indicates
a rapid dispersal of the inner molecule envelope once the
HC HII is formed.

In summary, we conducted a comprehensive study at subarsec-
ond resolution of the massive protocluster W49A and provided
a classification of the massive protostellar cores associated with
an HMC and/or an H/UC HII region.
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Appendix A: Core catalog

Table A.1 lists the physical properties and detection (or non-
detection) of H/UC HII regions and HMCs for the 129 cores
detected at 1.3 mm in W49. The labels of H/UC HII regions
previously identified at the core positions are also given.

Table A.1. Main characteristics of cores detected on the 1.3-mm continuum image.

n R.A. Dec. Region Size PA F int
B6 F int

BX HII Cross ID HMC
[ICRS] [′′ × ′′] [◦] [mJy] [mJy]

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
1 19:10:13.419 9:06:13.00 N 0.33× 0.27 10 1031.9 36.6 BX+RL G2a
2 19:10:13.149 9:06:12.72 N 0.37× 0.33 117 728.4 38.5 BX+RL B2
3 19:10:12.889 9:06:11.73 N 0.39× 0.29 169 365.0 56.0 BX+RL A2
4 19:10:10.938 9:05:17.53 SW 0.31× 0.27 166 94.6 RL - *
5 19:10:16.356 9:06:07.04 out 0.49× 0.35 115 133.2 RL O
6 19:10:13.614 9:06:49.12 N 0.45× 0.30 118 75.0 - *
7 19:10:13.144 9:06:18.76 N 0.35× 0.29 142 188.5 40.6 BX+RL C *
8 19:10:14.130 9:06:25.00 N 0.44× 0.30 155 200.2 1.5 BX J1 *
9 19:10:11.050 9:05:20.11 SW 0.44× 0.40 17 85.9 RL R *
10 19:10:13.455 9:06:12.79 N 0.33× 0.27 20 332.0 12.3 BX+RL G2c
11 19:10:15.369 9:06:14.95 N 0.40× 0.33 174 56.2 22.0 BX+RL N
12 19:10:16.372 9:06:06.81 out 0.47× 0.31 123 116.1 RL O
13 19:10:13.116 9:06:12.36 N 0.30× 0.26 11 149.0 12.7 BX+RL B1
14 19:10:13.202 9:06:11.13 N 0.68× 0.57 69 203.9 135.2 BX+RL D
15 19:10:13.340 9:06:21.37 N 0.56× 0.47 97 59.1 60.1 BX+RL F
16 19:10:13.373 9:06:12.58 N 0.46× 0.39 146 279.9 69.0 BX+RL G1
17 19:10:12.884 9:06:12.16 N 0.39× 0.34 30 125.9 17.7 BX+RL A1 *
18 19:10:13.312 9:06:19.87 N 0.44× 0.32 172 93.3 1.0 BX -
19 19:10:14.645 9:06:25.97 N 0.41× 0.40 143 20.3 - *
20 19:10:13.279 9:06:12.79 N 0.39× 0.29 0 82.6 - *
22 19:10:14.628 9:06:45.96 N 0.38× 0.33 6 10.5 -
23 19:10:13.060 9:06:16.07 N 0.35× 0.33 178 17.7 12.7 BX+RL C1
24 19:10:14.284 9:06:22.22 N 0.44× 0.40 69 20.7 -
25 19:10:15.358 9:06:15.36 N 0.36× 0.33 167 21.3 - *
26 19:10:12.665 9:06:07.57 N 0.48× 0.44 71 25.0 -
27 19:10:13.272 9:06:16.38 N 0.52× 0.37 47 53.7 - *
28 19:10:13.149 9:06:13.84 N 0.45× 0.38 72 112.0 - *
29 19:10:13.259 9:06:12.19 N 0.37× 0.31 35 23.3 17.3 BX+RL E3
30 19:10:14.137 9:06:26.60 N 0.45× 0.38 110 27.9 -
31 19:10:14.312 9:06:22.21 N 0.37× 0.27 23 11.7 -
32 19:10:13.170 9:06:13.36 N 0.36× 0.33 64 70.4 - *
34 19:10:13.259 9:06:18.88 N 0.38× 0.29 164 32.2 -
35 19:10:13.441 9:06:07.11 N 0.28× 0.25 27 4.5 -
36 19:10:12.097 9:06:14.64 N 0.41× 0.26 74 9.0 - *
37 19:10:14.182 9:06:20.58 N 0.32× 0.28 103 2.9 -
39 19:10:11.671 9:05:26.86 SW 0.55× 0.45 153 30.6 RL S
40 19:10:13.392 9:06:11.82 N 0.56× 0.48 10 79.0 54.8 BX+RL G1S
42 19:10:14.664 9:06:25.53 N 0.45× 0.36 107 12.0 -
43 19:10:13.348 9:06:16.05 N 0.39× 0.33 155 25.9 - *
44 19:10:12.703 9:06:11.29 N 0.31× 0.26 24 22.2 1.5 BX+RL - *
45 19:10:13.211 9:06:14.30 N 0.31× 0.27 26 24.8 -
46 19:10:13.498 9:06:11.77 N 0.36× 0.32 179 58.1 34.7 BX+RL G3b
47 19:10:13.498 9:06:12.42 N 0.37× 0.26 8 43.7 20.3 BX+RL G3a
48 19:10:13.721 9:06:44.58 N 0.37× 0.33 53 3.6 -
49 19:10:12.671 9:06:18.28 N 0.39× 0.29 172 7.0 -

(1) Core number in the getsf catalog. (2) Right ascension and declination coordinates. (3) Subregion: (W49-)N, (W49-)SW, or (W49)-out(skirts).
(4) FWHM major and minor axis. (5) Position angle (west to north) of the ellipse. (6,7) Integrated fluxes in B6 and BX. (8) Detection of the
H/UC HII region in X band 3.3 cm (BX) and/or in H30α (RL). (9) Identification of the associated H/UC HII region in the catalogs of De Pree et al.
(1997, 2020). (10) Cores associated with a HMC emission are marked with an asterisk (*).
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Table A.1. Continued.

n R.A. Dec. Region Size PA F int
B6 F int

BX HII Cross ID HMC
[ICRS] [′′ × ′′] [◦] [mJy] [mJy]

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
50 19:10:10.686 9:05:16.78 SW 0.95× 0.70 134 36.7 RL R3
51 19:10:12.644 9:06:18.93 N 0.39× 0.30 37 4.0 -
52 19:10:16.504 9:06:04.24 out 0.63× 0.53 23 11.4
53 19:10:13.364 9:06:18.01 N 0.44× 0.41 88 10.3 -
54 19:10:13.323 9:06:16.32 N 0.33× 0.30 27 16.8 - *
55 19:10:13.230 9:06:54.16 N 0.72× 0.58 130 4.1 -
56 19:10:13.188 9:06:12.85 N 0.45× 0.36 0 81.5 - *
57 19:10:13.114 9:06:13.77 N 0.42× 0.37 120 62.3 -
58 19:10:16.666 9:05:49.88 out 0.44× 0.32 53 7.2
59 19:10:16.402 9:06:07.36 out 0.47× 0.36 143 22.8 RL -
60 19:10:15.754 9:06:05.78 N 0.49× 0.40 169 4.7 -
61 19:10:15.256 9:06:10.99 N 0.32× 0.29 92 2.1 -
62 19:10:12.843 9:06:11.44 N 0.61× 0.42 149 76.7 -
63 19:10:14.605 9:06:26.38 N 0.45× 0.32 4 7.2 -
65 19:10:14.159 9:06:21.56 N 0.60× 0.54 110 14.2 -
66 19:10:13.385 9:06:19.37 N 0.40× 0.36 37 19.7 -
67 19:10:13.656 9:06:21.49 N 0.57× 0.43 46 10.0 -
68 19:10:12.800 9:06:27.54 N 0.54× 0.34 85 6.9 -
69 19:10:14.186 9:06:15.32 N 0.66× 0.41 42 21.3 17.2 BX+RL J
70 19:10:12.746 9:06:10.33 N 0.36× 0.32 53 24.0 -
71 19:10:13.434 9:06:22.78 N 0.46× 0.36 155 7.1 -
72 19:10:13.178 9:06:18.28 N 0.50× 0.40 143 42.5 31.2 BX+RL C
73 19:10:13.601 9:06:11.02 N 0.43× 0.30 0 45.6 30.1 BX+RL G3d
74 19:10:14.563 9:06:20.47 N 0.50× 0.40 50 8.7 3.6 BX+RL L
75 19:10:14.126 9:06:24.28 N 0.33× 0.21 20 17.8 -
76 19:10:13.323 9:06:25.53 N 0.47× 0.31 124 6.0 -
77 19:10:13.898 9:06:36.91 N 0.29× 0.24 47 1.5 -
78 19:10:16.344 9:06:07.75 out 0.53× 0.49 111 21.8 RL -
79 19:10:13.018 9:06:17.05 N 0.60× 0.55 90 16.2 -
80 19:10:10.801 9:05:19.45 SW 1.03× 0.77 137 25.9
81 19:10:14.610 9:06:02.65 N 0.47× 0.37 41 6.0 -
82 19:10:14.178 9:06:26.65 N 0.34× 0.29 55 9.1 -
83 19:10:13.135 9:06:13.45 N 0.43× 0.38 75 83.7 -
84 19:10:12.329 9:06:18.58 N 0.28× 0.25 176 2.0 -
85 19:10:12.720 9:06:28.69 N 0.30× 0.28 18 2.8 -
86 19:10:13.234 9:06:12.68 N 0.44× 0.40 177 49.8 -
87 19:10:14.184 9:06:14.37 N 1.05× 0.94 178 32.2 13.9 BX+RL J
88 19:10:12.613 9:06:22.60 N 0.43× 0.31 168 3.5 -
89 19:10:13.231 9:06:08.87 N 0.53× 0.38 152 9.6 -
90 19:10:15.433 9:06:16.78 N 0.43× 0.32 11 3.3 -
91 19:10:11.174 9:05:53.85 N 0.45× 0.34 12 3.1 -
92 19:10:12.685 9:06:32.36 N 0.97× 0.90 127 7.3 -
93 19:10:15.317 9:06:14.80 N 0.54× 0.34 5 13.4 -
94 19:10:14.509 9:06:22.47 N 1.06× 0.82 67 25.7 - RL L
95 19:10:11.487 9:05:32.14 N 0.31× 0.27 24 2.4 -
96 19:10:13.571 9:06:21.34 N 0.47× 0.35 173 9.9 -
97 19:10:13.307 9:06:17.02 N 0.37× 0.29 162 15.2 -
98 19:10:14.796 9:06:44.25 N 0.68× 0.47 81 5.8 -
99 19:10:15.807 9:06:05.59 N 0.29× 0.27 157 1.4 -
100 19:10:11.490 9:06:24.34 N 0.35× 0.29 11 1.5 -
101 19:10:13.459 9:06:20.14 N 0.49× 0.32 144 15.4 -
102 19:10:12.779 9:06:11.13 N 0.34× 0.29 24 19.5 -
103 19:10:14.825 9:06:36.88 N 0.69× 0.50 140 5.1 -
104 19:10:14.037 9:06:23.56 N 0.41× 0.35 122 15.5 0.7 BX - *
105 19:10:13.630 9:06:20.30 N 1.03× 0.86 146 33.5 -

Notes. (1) Core number in the getsf catalog. (2) Right ascension and declination coordinates. (3) Subregion: (W49-)N, (W49-)SW, or (W49)-
out(skirts). (4) FWHM major and minor axis. (5) Position angle (west to north) of the ellipse. (6,7) Integrated fluxes in B6 and BX. (8) Detection
of the H/UC HII region in X band 3.3 cm (BX) and/or in H30α (RL). (9) Identification of the associated H/UC HII region in the catalogs of De
Pree et al. (1997, 2020). (10) Cores associated with a HMC emission are marked with an asterisk (*).
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Table A.1. Continued.

n R.A. Dec. Region Size PA F int
B6 F int

BX HII Cross ID HMC
[ICRS] [′′ × ′′] [◦] [mJy] [mJy]

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
106 19:10:12.720 9:06:28.38 N 0.41× 0.39 52 4.5 -
107 19:10:16.297 9:06:06.66 out 0.55× 0.40 157 14.8 RL -
108 19:10:13.719 9:06:25.03 N 0.40× 0.34 111 5.1 -
109 19:10:14.237 9:06:28.51 N 0.48× 0.37 162 11.0 -
110 19:10:15.409 9:06:11.87 N 0.65× 0.36 2 5.8 -
111 19:10:11.629 9:06:16.03 N 0.35× 0.26 172 3.4 -
112 19:10:11.731 9:05:27.37 SW 0.67× 0.43 10 25.7 RL S
113 19:10:10.277 9:05:14.07 SW 0.30× 0.23 160 4.5
114 19:10:12.838 9:06:29.46 N 0.34× 0.27 180 3.0 -
115 19:10:16.826 9:05:49.99 out 0.83× 0.66 4 11.1
116 19:10:14.747 9:06:25.65 N 0.50× 0.34 150 4.9 3.4 BX+RL M
117 19:10:13.683 9:06:10.06 N 0.36× 0.34 119 6.4 2.4 BX -
119 19:10:10.956 9:05:18.60 SW 0.34× 0.25 90 2.5
120 19:10:14.284 9:06:32.28 N 0.55× 0.53 52 11.3 -
121 19:10:14.253 9:06:29.98 N 0.42× 0.35 115 4.0 -
122 19:10:12.416 9:06:06.76 N 0.75× 0.64 72 8.4 -
123 19:10:10.758 9:05:21.46 SW 0.30× 0.23 34 1.7
124 19:10:13.735 9:06:49.42 N 0.44× 0.40 147 4.4 -
125 19:10:14.685 9:06:45.97 N 0.33× 0.24 12 2.4 -
126 19:10:13.779 9:06:16.81 N 0.38× 0.26 15 3.5 -
128 19:10:16.708 9:05:49.17 out 0.34× 0.27 73 3.4
130 19:10:13.780 9:06:22.11 N 0.37× 0.29 173 4.1 -
131 19:10:10.541 9:05:14.08 SW 0.30× 0.25 124 3.2 RL Q
133 19:10:14.122 9:06:26.01 N 0.39× 0.35 65 9.9 - *
138 19:10:14.525 9:06:28.78 N 0.40× 0.30 173 1.7 -
140 19:10:14.262 9:06:26.22 N 0.36× 0.26 117 3.0 -
141 19:10:13.980 9:06:24.90 N 0.34× 0.27 103 2.9 -
142 19:10:14.980 9:06:03.82 N 0.30× 0.23 142 1.7 -
147 19:10:10.893 9:05:16.78 SW 0.95× 0.68 152 20.0 RL -
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