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ABSTRACT

Context. Hot cores are signposts of the protostellar activity of dense cores in star-forming regions. W43-MM1 is a young region that is
very rich in terms of high-mass star formation, which is highlighted by the presence of large numbers of high-mass cores and outflows.
Aims. We aim to systematically identify the massive cores in W43-MM1 that contain a hot core and compare their molecular
composition.
Methods. We used Atacama Large Millimeter/sub-millimeter Array (ALMA) high-spatial resolution (∼2500 au) data to identify line-
rich protostellar cores and carried out a comparative study of their temperature and molecular composition. Here, the identification of
hot cores is based on both the spatial distribution of the complex organic molecules and the contribution of molecular lines relative to
the continuum intensity. We rely on the analysis of CH3CN and CH3CCH to estimate the temperatures of the selected cores. Finally,
we rescale the spectra of the different hot cores based on their CH3OCHO line intensities to directly compare the detections and line
intensities of the other species.
Results. W43-MM1 turns out to be a region that is rich in massive hot cores. It contains at least one less massive (core #11, 2 M�) and
seven massive (16–100 M�) hot cores. The excitation temperature of CH3CN, whose emission is centred on the cores, is of the same
order for all of them (120–160 K). There is a factor of up to 30 difference in the intensity of the lines of complex organic molecules
(COMs). However the molecular emission of the hot cores appears to be the same or within a factor of 2–3. This suggests that these
massive cores, which span about an order of magnitude in core mass, have a similar chemical composition and show similar excitation
of most of the COMs. In contrast, CH3CCH emission is found to preferentially trace the envelope, with a temperature ranging from
50 K to 90 K. Lines in core #11 are less optically thick, which makes them proportionally more intense compared to the continuum
than lines observed in the more massive hot cores. Core #1, the most massive hot core of W43-MM1, shows a richer line spectrum than
the other cores in our sample, in particular in N-bearing molecules and ethylene glycol lines. In core #2, the emission of O-bearing
molecules, such as OCS, CH3OCHO, and CH3OH, does not peak at the dust continuum core centre; the blueshifted and redshifted
emission corresponds to the outflow lobes, suggesting formation via sublimation of the ice mantles through shocks or UV irradiation
on the walls of the cavity. These data establish a benchmark for the study of other massive star-formation regions and hot cores.
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1. Introduction

W43-MM1 is a massive star-formation region 5.5 kpc away
(Zhang et al. 2014) and located at the tip of the Galactic bar
(Nguyen Luong et al. 2011). Among the 131 cores with typical
sizes of 2000 au identified by Motte et al. (2018; hereafter M18)
using Atacama Large Millimeter/sub-millimeter Array (ALMA)
data, 18 have masses >10 M�. The large number of massive cores
detected in W43-MM1 make it an ideal laboratory for exploring
the physical processes and chemical evolution involved in the
formation of massive stars.

The identification of massive cores in W43-MM1 and the
characterisation of their environment results from many years
of sustained effort involving observations and state-of-the-art
simulations and models. Motte et al. (2003) found such a high
star-formation rate and efficiency in W43 that they deemed this
region a ‘mini-starburst’, reminiscent of the galaxies referred

to as such. Herschel and ground-based observations revealed a
complex structure of molecular filaments hosting dense cores
exposed to the radiation from neighbouring massive stars (Bally
et al. 2010; Cortes et al. 2010; Cortes 2011; Nguyen Luong
et al. 2011; Nguyen-Luong et al. 2013, 2017; Carlhoff et al.
2013). Herpin et al. (2009, 2012) studied the water emission
from the W43-MM1 dense filament, and found a very turbulent
and infalling medium, and inferred a high accretion luminos-
ity. Louvet et al. (2014) used NOrthern Extended Millimeter
Array (NOEMA) observations of the dust continuum emis-
sion in W43-MM1 with a typical angular resolution of 3′′ to
highlight a linear correlation between the star formation efficien-
cies and the density in different layers of the filament. Louvet
et al. (2016) used the same dataset together with grids of mod-
els provided by the Paris-Durham shock model (Gusdorf et al.
2015, 2017) to characterise the ongoing shock processes. These
authors showed that the filament was probably the result of
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Table 1. Parameters of the 3 mm and 1.3 mm ALMA spectral windows.

Spectral Bandwidth Resolution rms

windows (GHz) (′′ × ′′) (km s−1) (K) (mJy beam−1)

Band 3
spw0 93.089–93.200 0.60× 0.39 1.57 1.00 1.6
spw1 91.703–92.637 0.61× 0.39 1.59 0.60 1.0
spw2 102.100–103.035 0.57× 0.36 1.43 0.70 1.2
spw3 104.500–105.435 0.57× 0.35 1.39 0.60 1.1

Band 6
spw0 216.015–216.248 0.55× 0.40 0.17 0.37 3.1
spw1 216.965–217.197 0.54× 0.39 0.34 0.42 3.4
spw2 219.809–219.933 0.54× 0.39 0.33 0.44 3.7
spw3 218.036–218.278 0.54× 0.39 0.17 0.38 3.1
spw4 219.424–219.549 0.53× 0.39 0.17 0.49 4.0
spw5 230.226–230.684 0.52× 0.38 1.27 0.25 2.1
spw6 230.973–231.439 0.52× 0.37 0.32 0.28 2.3
spw7 232.492–234.360 0.51× 0.36 1.26 0.22 1.8
cycle3 231.432–233.300 0.66× 0.50 1.26 0.12 1.7

Notes. The wide Band 6 spw7 spectral window is also referred to as the ‘continuum’ band.

a cloud–cloud collision, and revealed the presence of numer-
ous bipolar outflows. In the meantime, Sridharan et al. (2014)
confirmed the presence of dense cores with the Submillimeter
Array (SMA) and revealed local variations of the magnetic field.
Cortes et al. (2016) studied the magnetic field structure at ∼0.5′′

resolution.
ALMA observations revolutionised our understanding of this

region: M18 identified and characterised 131 pre- and proto-
stellar cores in the region at ∼0.5′′ resolution, measuring their
mass, temperature, size, and density, and obtaining an unex-
pected core mass function (CMF) with an excess of massive
cores. Nony et al. (2018) studied the physical structure of the
remarkably massive (∼55 M� in 1300 au radius) pre-stellar core
candidate (core #6) found in the region, while its chemistry was
studied by Molet et al. (2019). Nony et al. (2020) investigated
the ejection–accretion link by studying the characteristics of
46 molecular outflow lobes identified with ALMA and found
evidence for time-variable ejection processes with a timescale
of ∼ 500 yr.

The large program ‘ALMA-IMF: ALMA transforms our
view of the origin of stellar masses’ (project # 2017.1.01355.L;
Ginsburg et al. 2022; Motte et al. 2022; Pouteau et al. 2022)
extends the work by M18 that found the first ‘top-heavy’ CMF in
the W43-MM1 protocluster. ALMA-IMF consists of the obser-
vation of 15 massive protoclusters to investigate the distribution
of the 0.5–200 M� cores at a ∼2000 au scale and thus char-
acterise the CMF evolution. Another aim of the program is to
determine the pre-stellar, protostellar, or UCHII region nature of
the cores.

In this paper we focus on the identification and characterisa-
tion of the hot cores in W43-MM1. By analogy with the Orion
hot core (e.g. Morris et al. 1980), a hot core is usually defined
as a hot (T ≥ 100 K), dense (density ≥106 cm−3), and compact
(diameter <0.1 pc) region where a large number of molecular
lines from complex organic molecules (COMs) are detected (e.g.
Cesaroni et al. 1994; Herbst & van Dishoeck 2009; Charnley
2011). The study of the chemistry of star-forming regions can
provide us with precious information on the physical evolution
of protostars (e.g. Jørgensen et al. 2020).

The present article is organised as follows. We present our
data in Sect. 2. In Sect. 3, we identify eight hot cores with two
methods: one using the spatial distribution of molecules and the
other one using the line densities compared to the continuum
level in the continuum cores, and we confirm the nature of these
cores using methyl formate and methyl cyanide maps. In Sect. 4,
we determine the temperature of the hot cores from the CH3CN
and CH3CCH emission. In Sect. 5, we compare the molecular
composition of the hot cores from their spectra normalised to the
intensities of the methyl formate lines. We discuss the molecular
similarity of the hot cores using scaled spectra and correlation
plots in Sect. 6. Our conclusions are presented in Sect. 7.

2. Observations

We use band 3 and band 6 ALMA observations of W43-MM1
carried out between 2014 and 2018. The 1.3 mm observa-
tions (216 to 234 GHz) are from ALMA Cycle 2 (project
#2013.1.01365.S) and Cycle 3 (#2015.1.01273.S) and were pre-
viously presented in Molet et al. (2019), together with our
continuum-subtraction method. The 1.3 mm dataset is composed
of nine bands of bandwidths between 0.1 and 1.9 GHz, with a
spatial resolution of ∼0.45′′, a spectral resolution ranging from
0.2 to 1.3 km s−1 and an rms between 0.1 and 0.5 K (see Table 1).
The observations are 2.1 pc× 1.4 pc mosaics taken with the
ALMA 12 m and ACA 7 m arrays. The gridding was performed
with Briggs’ weighting using a robustness parameter of 0.5, and
the cleaning used the multiscale option excluding the borders
of the mosaic to avoid divergence problems. Hence, between
120 and 129 of the 131 cores of M18 are in the cleaned field,
depending on the band.

The 3 mm observations (91.7–105.4 GHz) are from ALMA
Cycle 5 and are part of the large program ALMA-IMF. This pro-
gram covered the W43-MM1 region at 3 mm at a comparable
resolution to the previous 1 mm data. In this paper, we present
a preliminary data reduction and analysis of these 3 mm data.
We use the same cleaning and continuum subtraction method
(based on the distribution of channel intensities) as presented in
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Fig. 5. Top: methyl formate intensity map integrated over the velocity
(bandwidth of 25 km s−1 around the 216.21 GHz transitions). The con-
tours correspond to 3, 6, 9, 12, 24, 50, 100, and 200 σ, where the rms
noise σ = 2.6 K km s−1. Bottom: Methyl cyanide intensity map inte-
grated over the velocity (bandwidth of 120 km s−1 around the 91.97 GHz
transitions). The contours correspond to 5, 10, 20, 30, 50, 100, and
200 σ, where the rms noise σ = 83 K km s−1. The red stars indicate
the position of the hot cores identified on Fig. 2.

potential hot cores independently of the identification of the con-
tinuum cores. However, a spectral band is required that has lines
mainly coming from COMs, as in the Band 6 spw7 band, and the
sensitivity will be limited by the width of the spectral band and
the number of strong COM lines therein.

The second set of methods based on the relative contribution
of lines Ccore

Lines with respect to the continuum emission or the frac-
tion Fcore

Lines of channels with detected line emission needs first to
identify the continuum cores, and the catalog of continuum cores
will depend on the software package used for extraction (see e.g.
Pouteau et al. 2022). M18 also identified potential hot cores from
the line contamination in the emission of the continuum cores.
These authors compared the fluxes measured in a 1.9 GHz ‘con-
tinuum’ band and in a selection of line-free channels summing
up to 65 MHz and found the same eight cores as in Sect. 3.4.
However, they detected two more cores: core #15 which is not
included in our analysis and core #30 which does not display any
COM lines when looking at the spectra.

The method used in Sect. 3.5 directly uses hot core tracers.
However, it requires first to identify the lines and to be sure that
these lines are not blended with other species, which is often the
case in hot cores. Furthermore, one needs to determine the veloc-
ity of the cores to centre the map on the emission line. When the
field of view is large, there is a velocity gradient that makes it

more difficult to make a map: one can make a ‘composite’ map,
adapting the velocity throughout the field, or one can take a large
velocity window to integrate the emission but the sensibility will
be less and the risk of blending lines will be higher. In the case
of methyl cyanide, we have also noted that extended emission is
also present, which makes it more difficult to identify the faintest
hot cores.

4. Core temperatures

Methyl cyanide (CH3CN) and methyl acetylene (CH3CCH) are
considered as two good thermometers, as long as the lines are
optically thin, because their emission K-ladder lines are close in
frequency and cover a large enough range of upper level energies
Eu (see e.g. Giannetti et al. 2017).

4.1. CH3CN

There are five lines of CH3CN (J = 5–4) between 91.95 and
91.99 GHz, with upper level energies Eu ranging from 13 to
128 K. CH3CN (50–40) and CH3CN (51–41) are only separated
by 2.3 MHz, and because of the average line width of 5 km s−1,
these two lines are blended. In the same ALMA spectral window,
there are also five lines of the isotopolog CH13

3 CN (J = 5–4) with
the same Eu ranging from 13 to 128 K, as well as ten CH3CN
(J = 5–4) 38 = 1 lines with Eu ranging from 532 to 706 K. The
spectroscopic parameters of the lines are given in Table 3.

The CH3CN and CH13
3 CN spectra averaged over the beam for

the eight cores are plotted in Fig. 6. The pattern of the CH3CN
lines is similar for all the cores, except for cores #1, #2, #3, and
#4, where the five lines are almost equally intense because of
line opacity. Nonetheless, the relative intensities of the optically
thin lines of the isotopologue CH13

3 CN of these four cores are
the same as the optically thin CH3CN pattern of the other cores.
The similarity of the pattern with lines of different Eu suggests
an equivalent temperature for all the cores. The CH3CN 38 = 1
lines are only detected towards cores #1, #2, #3, #4, and #11 and
are marginally detected towards core #5 (see Fig. 7).

For each core in Fig. 6, we overlay a synthetic spectrum con-
sidering the temperatures, column densities, line widths, and a
source size indicated in Table 2. Due to the high average H2
density of these cores (3–76× 108 cm−3, see M18), we consider
that all lines are thermalised. The values are obtained with the
Monte-Carlo Markov Chain algorithm and the LTE model of the
CASSIS software3 (Vastel et al. 2015). For cores #1, #2, #3, #4,
#5, and #11, the temperatures, column densities, and line widths
are first derived from a fit to the optically thin CH13

3 CN and
CH3CN 38 = 1 lines assuming a source size equal to the beam
(0.49′′). The CH3CN lines are then taken into account to derive
the source size. For cores #9 and #10, the parameters are derived
from a fit to the optically thin CH3CN and CH13

3 CN lines assum-
ing a source size equal to the beam. We find an isotopic ratio of
about 42, consistent with the 40–50 value at 5.5 kpc (Milam et al.
2005). We assume here a simple model with a uniform source
and the emission of CH3CN, CH13

3 CN, and CH3CN 38 = 1 com-
ing from the same region. A more realistic source model will be
used in a forthcoming paper.

The temperatures are similar for all the cores, ranging from
120 K to 160 K with uncertainties of ±20 K. The broader line
widths for cores #2 and #5 can be due to multiple velocity
components as seen in other COM lines (see Sect. 5.2).

3 http://cassis.irap.omp.eu
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Table 2. CH3CN and CH3CCH column densities and temperatures towards the hot cores.

Core CH3CN CH3CCH

Tex N ∆3 size Tex N ∆3 Size
(K) (1016 cm−2) (km s−1) (′′) (K) (1016 cm−2) (km s−1) (′′)

#1 150 80.0 6.0 0.42 90 7.0 5.0 0.45
#2 140 100.0 6.45 0.19 70 2.5 4.0 0.45
#3 140 40.0 5.0 0.13 60 1.2 4.6 0.45
#4 135 46.0 4.5 0.44 70 4.0 3.8 0.45
#5 160 0.5 9.0 0.49 50 0.35 4.5 0.45
#9 120 0.2 5.0 0.49 55 0.5 4.0 0.45
#10 120 0.25 5.0 0.49 70 1.2 4.0 0.45
#11 150 8.4 5.0 0.14 50 0.35 3.5 0.45

Fig. 6. CH13
3 CN (from 91.91 to 91.94 GHz) and CH3CN (91.95–

91.99 GHz) synthetic spectra (in red for cores #10 and #11, in black
for the others) overlaid on the observed spectra. The parameters used
for the synthetic spectra are listed in Table 2.

The CH3CN transitions are also detected towards the possi-
bly younger core #6 studied by Molet et al. (2019) and the derived
temperature is 60± 20 K which is in agreement with the determi-
nations in that paper. This temperature is notably different from
the temperatures Tex ∼ 150 K we find here towards the hot cores.

4.2. CH3CCH

We selected five CH3CCH (J = 6–5) lines between 102.51 and
102.55 GHz, with upper level energies Eu ranging from 17 to
132 K. CH3CCH (65–55) is not studied here, because the line
is too weak towards all the cores. As for CH3CN, the CH3CCH
(60–50) and CH3CCH (61–51) lines are blended, and are also
contaminated by acetone (CH3COCH3) lines at 102.547 GHz in
cores #1, #2, and #4. Furthermore the CH3CCH (62–52) line at

Fig. 7. CH3CN 38 = 1 synthetic spectra (in red for core #11, in black for
the others) overlaid on the observed spectra. The parameters used for
the synthetic spectra are listed in Table 2. The spectra for cores #3, #5,
and #11 are smoothed to a velocity resolution of 6.35 km s−1.

102.540 GHz is contaminated by the ethylene glycol, (CH2OH)2,
(92,7–82,6) line at 102.539 GHz mainly in core #1.

The CH3CCH spectra averaged over the beam are presented
in Fig. 8. The emission from this molecule appears to be opti-
cally thin in all the cores. We overlay synthetic spectra whose
parameters are indicated in Table 2. In the figure, we note the
detection of an ethanol (C2H5OH) line at 102.534 GHz in cores
#1, #2, #3, and #4, exhibiting a varying intensity from one core
to the next.

Twelve CH3CCH 310 = 1 transitions with Eu ranging from
487 to 741 K are included in the frequency range of the obser-
vations (between 102.74 and 102.94 GHz). The intensities esti-
mated from the parameters in Table 2 are significantly below the
noise level for a detection in any of the cores.

The difference in temperature between CH3CN (120–160 K)
and CH3CCH (50–90 K) suggests that CH3CCH traces the outer
envelope whereas CH3CN traces the inner part. Furthermore, the
line width of the CH3CCH lines compared to that of the CH3CN
lines is also smaller for each core. The observations and gas-
grain chemical modelling suggest that the CH3CN emission in
IRAS 16293-2422 also arises from a warmer and more interior
region of the envelope than the CH3CCH emission (Andron et al.
2018).
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Fig. 13. Intensity of frequency channels for cores #1, #2, #4, #5, #9,
#10, and #11 versus the intensity of the same frequency channel for core
#3 for the spectra of the spw7 band after correction of the velocity. The
circles mark the peaks of the spectra. The line is a linear fit to the point
distribution.

Fig. 14. Slope of the linear fit of Fig. 13 versus the methyl formate
scaling factor of Fig. 10.

Fig. 15. Logarithm of the normalised ratio Ri = T S
i
/(a1 × T

S 3
i

) for cores
#1, #2, #4, #5, #9, #10, and #11 versus T

S 3
i

, the channel intensity of the
reference source core #3 (see Sect. 6.3). Horizontal red and green lines
indicate a departure from Ri = 1 by a factor 2 and 3, respectively. Circles
indicate peaks in the core #3 spectrum. Most points right of T

S 3
i
= 2 K

remain within a factor of 2 of the linear fit shown in Fig. 13 (slope a1),
which indicates a good general similarity in the spectra.

reference core spectrum by varying the relative velocity shift to
minimise the dispersion in the spectrum–spectrum plot.

– Linewidths: a difference in line width would increase the
dispersion, but here all sources have similar line widths, except
core #5 (see Table 2).

– Masses: if the cores have a similar structure, but one is
more massive, the relation between optically thin lines will be
linear, but with a slope different from 1. The stronger lines will
not be affected by optical thickness in the same way, and the line
profiles will differ.

– Temperatures: if the temperature is different in the two
cores, each individual optically thin line will still lead to linear
relations but with different slopes for different energy levels.

– Abundances: if the relative abundance of molecules is not
exactly the same, thin lines will present a linear relation but with
different slopes for each species.
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From an astrophysical point of view, sources in our sample
differ by a factor 6 in mass for the massive cores (even up to
∼50 if core #11 is included), leading to much higher column
densities and opacities in some of them. Moreover, some cores
might include unresolved multiple sources and some might have
a noticeable proportion of molecules released by shocks (e.g.
linked to bipolar flows) in addition to thermal desorption and ice
sublimation. In those cases, the kinematics and the composition
of the gas could be affected to some extent. However, observa-
tionally, as shown below, the molecular emission spectra of the
cores are quite similar.

6.3. Similarity from ratio plots

To get a more quantitave indication of the similarity of the
spectra, we plotted in Fig. 15 the logarithm of the ratio of one
spectrum to the linear fit (see Fig. 13). More precisely, we define
the quantity Ri for each frequency channel i as Ri = T S

i
/(a1 ×

T
S ref
i

) where T S
i

and T
S ref
i

are the channel intensities, respectively,
for core S and a core S ref taken as reference, and a1 is the slope
of the linear fit (with no constant term) of T S

i
versus T

S ref
i

. As
mentioned above, the spectrum of S was first realigned in veloc-
ity with respect to the spectrum of Sref . Figure 15 presents plots
of log (Ri) versus T

S ref
i

. For all sources, Ri remains close to 1
within a factor of 3, and in many cases within a factor of 2,
for most channels i where the core #3 spectrum is above 2 K
(core #3 maximum intensity being about 12.9 K); these limits
are indicated respectively by the green and red horizontal lines.
One notes a slight decrease in the ratio Ri with T

S 3
i

which is due
to opacity effects in the strongest lines. Core #11, which is the
least massive, appears the least well correlated to core #3. The
rather limited dispersion in the plots indicates a limited role of
the potential dissimilarity factors listed above.

The agreement within a factor 2–3 between the spectra sug-
gests a similar molecular composition of the cores, which could
be due to the formation of the molecules. The lines in the
spw7 band are principally those of COMs which are mainly
formed on similar ices in the filament and desorbed by shocks
and/or by the high temperature.

7. Conclusion

Here, we studied the molecular composition of the rich high-
mass star forming region W43-MM1 with ALMA at high spatial
resolution (0.5′′). This study proposes analysis tools and lays the
groundwork for future comparisons to similar systems.

– We developed different methods to identify the molecu-
lar hot cores. The first one relies on the continuum versus line
emission separation method developed by Molet et al. (2019),
which we applied to a 2 GHz band around 233 GHz that is
rich in COM lines and is not contaminated by strong lines of
simpler species. Hot cores are then identified in the map of the
continuum-subtracted brightness temperature averaged over the
band, the peaks of which highlight intense COM emission.

– A second hot core identification method uses the relative
contribution of lines and continuum, but in spectra spatially aver-
aged on previously identified continuum cores. In this case, all
the nine bands we observed are used, narrow as well as broad.
The criterion relies either on the summed line intensities or on
the number of line channels. The results are in general agreement
with the first method but some bands with strong lines of simple
species are definitely less sensitive.

– We made methyl formate (CH3OCHO) and methyl cyanide
(CH3CN) maps which highlight the same hot cores as pre-
viously determined and confirmed their nature. We also note
extended methyl cyanide emission which may trace the warm gas
associated with the low-velocity shocks also observed in SiO.

– Seven hot cores with 16 to 100 M� in mass and one less
massive 2 M� core were identified.

– For each identified core, we determined mean temperatures
using the classical ‘thermometer molecules’ methyl cyanide
(CH3CN) and methyl acetylene (CH3CCH) lines at 3 mm.
The CH13

3 CN isotopologue lines allowed us to circumvent the
optical thickness of the lines in the strongest sources (#1–4).
CH3CN temperatures are all consistently around 150 K, whereas
CH3CCH leads to a lower value in the 50–90 K range. This is
interpreted as being due to a distribution extending further into
the envelope beyond the hot core region where ice mantles have
been sublimated. The previous studied core #6 is confirmed as
atypical with a lower CH3CN temperature of ∼60 K.

– We compared the chemical composition of the cores
using two methods. First, we directly superposed the COM-rich
∼2 GHz wide spectra around 233 GHz after a scaling in inten-
sity based on methyl formate lines. We then plotted correlation
diagrams of the brightness temperature in each channel. No line
identification is required. We find general good agreement, that
is, to within a factor of 2–3, between the mean in the chemical
composition of the various hot cores, which cover an order of
magnitude in mass.

– Core #1 is especially rich in molecular lines, includ-
ing ethylene glycol (CH2OH)2, formamide isotopologue
H13CONH2, and cyanamide NH2CN, which are not detected in
other cores.

– Simpler species, such as SiO, DCN, H2CO, CO, and SO do
not have emission concentrated in the cores; but H2C34S,13CS,
and OCS (and isotopologues) do show such concentrations.

– In core #2, we find a spatial association between the blue
and red velocity components of methyl formate and the outflow
lobes.
We plan to develop these studies in the frame of forthcom-
ing analyses of the sources in the W43-MM2 and W43-MM3
ALMA-IMF regions.
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Fig. B.1: Effects of dissimilarity in the correlation plots.

Appendix B: Sources of dissimilarity in the

correlation plots.

To help visualise the effects of various sources of dissimilar-
ity discussed in Sect. 6.2 on the ‘correlation’ plots of Fig. 13,
we provide in Fig B.1 a few examples of such plots drawn with
simple synthetic spectra. These spectra are presented in the left
column and the corresponding correlation plots in the right col-
umn for each case. The reference spectrum is plotted in black,
and the compared spectrum in red. For optically thin lines the
profile is Gaussian.

The following effects are shown:

– (a) a shift in frequency by 1 MHz (corresponding for spw7
band to about 1.3 km s−1);

– (b) a larger line width (9 km s−1 compared to 5 km s−1 in the
reference spectrum);

– (c) spectral confusion: a line present only in the second spec-
trum merges partially into one of the three lines (otherwise
similar in both spectra);

– (d) the lines in the second spectrum are more intense and
optically thick;

– (e) the relative intensity of the three lines is different in both
spectra. This mimics either a difference in abundances if the
lines are from different species, or a difference in rotational
temperatures if the lines are from the same species but have
different upper level energies;

– (f) a combination of the two previous effects (d) and (e).

A perfect proportionality of the two spectra would lead to
a single line in the correlation plots. The first effect should
not be present for single-component sources, as the spectra
have been realigned intentionally. All other effects would widen
and/or deform the correlation. The correlation plots in Sect.
6.2 obtained with the observed spectra show that the combined
effect of all these sources of dissimilarity remains limited.
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