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Abstract

Aims. After 30 Doradus, N11 is the second largest and brightest nebula in the Large Magellanic Cloud (LMC). This large nebula has several OB associations with bright nebulae at its surroundings. N11 was previously mapped at the lowest rotational transitions of 12CO (J = 1–0 and 2–1), and in some particular regions, pointings of the 13CO J = 1–0 and 2–1 lines were also performed. Observations of higher CO rotational transitions are needed to map gas with higher critical densities, which are useful to study the physical conditions of the gas component and its relation with the UV radiation more accurately.

Methods. Using the Atacama Submillimeter Telescope Experiment, we mapped the whole extension of the N11 nebula in the 12CO J = 3–2 line and three subregions in the 13CO J = 3–2 line. The regions mapped in the 13CO J = 3–2 were selected with the criterion that they were to be exposed to the radiation in different ways: a region lying across the nebula, which is related to the OB association LH10 (N11B), another region that it is associated with the southern part of the nebula, which is related to the OB association LH13 (N11D), and finally an area farther away in the southwest without any embedded OB association (N11I).

Results. We found that the morphology of the molecular clouds lying in each region shows some signatures that could be explained by the expansion of the nebulae and the action of the radiation. Fragmentation generated in a molecular shell due to the expansion of the N11 nebula is suggested. The integrated line ratios 12CO/13CO show evidence of selective photodissociation of the 13CO, and probably other mechanisms such as chemical fractionation. The values found for the integrated line ratios 12CO J = 3–2/1–0 are in agreement with values that were assumed in previous works, and the CO contribution to the continuum at 870 μm was derived directly. The distribution of the integrated line ratios 12CO J = 3–2/2–1 show indications of stellar feedback in N11B and N11D. The ratio between the virial and local thermal equilibrium (LTE) mass (Mvir/MLTE) is higher than unity in all analyzed molecular clumps, which suggests that the clumps are not gravitationally bounded and may be supported by external pressure. A non-LTE analysis suggests that we map gas with densities of about a few 103 cm−3. The molecular clump at N11B, the unique molecular feature with direct evidence of ongoing star formation, is the densest of the clumps we analyzed.
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★ The reduced datacubes (FITS files) are only available at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/628/A96



1 Introduction
Studying low-metallicity interstellar media toward other galaxies, whose physical conditions may resemble those that existed in the early Milky Way, is a very important task because it can shed light on the primeval processes of star formation that occurred in our Galaxy. Because of its proximity (about 50 kpc), the Large Magellanic Cloud (LMC) is an ideal laboratory for studying the physical properties of molecular clouds under conditions different from those found in our Galaxy. The Magellanic Clouds are a unique laboratory for studying the effects of metallicity and galaxy mass on molecular gas and star formation at high spatial resolution (Jameson et al. 2016). The metallicity in the LMC is Z ~ 0.5 Z⊙ (Keller & Wood 2006), and the gas-to-dust ratio is a factor of 4 higher than in our Galaxy. As the LMC is seen nearly face-on with an inclination angle of 35°, many active star-forming and H II regions have been found and studied (e.g., Ochsendorf et al. 2017; Paron et al. 2014, 2015).
After 30 Doradus, N11 (Henize 1956) is the second largest and brightest nebula of the LMC. It is located in the northwestern corner and is one of the most important star-forming regions in the galaxy. N11 has a ring morphology (see Fig. 1) with a cavity of 170 pc in diameter, enclosing the OB association LH9 (Lucke & Hodge 1970), which is also known as NGC 1760. This region also presents several OB associations with bright nebulae on its surroundings (Rosado et al. 1996); for instance, LH10 (NGC 1763), lying at the northern rim and exciting the N11B nebula, and LH13 (NGC 1769) in the east, which is associated with the N11D nebula. Parker et al. (1992) and Walborn & Parker (1992) proposed sequential star formation among the OB associations; LH9, an older association, may have generated the formation of LH10, which in turn is likely triggering new star formation in the N11B nebula surroundings (Barbá et al. 2003). Moreover, Hatano et al. (2006) have proposed that LH9 is indeed triggering star formation in the surroundings molecular clouds. For the molecular gas related to N11, Israel et al. (2003) and Herrera et al. (2013) provided catalogs of physicalproperties of individual molecular clouds that are distributed throughout the N11 complex based on 12CO J = 1–0 and J = 2–1 data. They pointed out that the molecular gas component related to N11 exhibits a shell morphology in which massive clumps are embedded, which is the usual configuration for a triggered star formation scenario around H II regions (e.g., Elmegreen & Lada 1977; Pomarès et al. 2009). Additionally, Israel & Maloney (2011) observed that the distributions of CO and [CII] emission arequite similar, suggesting that a large-scale dissociation of CO and subsequent ionization of the resulting neutral carbon is indeed ongoing in the region. More recently, using Spitzer, Herschel, and APEX/LABOCA data, Galametz et al. (2016) performed a complete study of the dust properties toward N11 and investigated variations in the gas-to-dust ratio across the region.
Observations of other CO isotopes and higher rotational transitions of 12CO are needed to map gas with lower optical depths and higher critical densities, which is useful to study the physical conditions of the gas component more accurately. In this paper, we present for the first time 12CO and 13CO J = 3–2 observations toward N11.The 12CO J = 3–2 line, tracer of warmer and denser gas than 12CO J = 1–0, was observed in the entire N11 region (see the region enclosed by dashed lines in Fig. 1). 13CO J = 3–2 observations were made toward three subregions (see boxes in Fig. 1), which according to Herrera et al. (2013) have the highest CO peak temperatures and contain molecular clouds at different evolutionary stages.
	[image: thumbnail]	Fig. 1
Three-color image where the 3.6, 4.5, and 8 μm emission obtained from the IRAC camera of the Spitzer Space Telescope (from SAGE Spitzer) are presented in blue, green, and red, respectively. The white boxes show the regions mapped in the 13CO J = 3–2 line, while the area delimited by the dashed line is the region surveyed in the 12CO J = 3–2 line.



2 Presentation of the subregions in N11 that we analyzed
In this section we briefly describe the subregions that are mapped in the 13CO J = 3–2 line (see Fig. 1). The first region is a molecular cloud in the northern part of N11, N11B, which is associated with LH10, a young (3 Myr) OB association. LH10 is younger than LH9 (Walborn et al. 1999; Mokiem et al. 2007), and Parker et al. (1992) discovered that its stellar content presents a higher ratio of higher-mass to lower-mass stars than in LH9. This cloud has bright free–free emission, [CII] 158 and 8 μm emission. According to Galametz et al. (2016), it shows the highest radiation field in N11. Israel & Maloney (2011) obtained a G0 value, which is the flux over the range 6–13.6 eV normalized to 1.6 × 10−3 erg cm−2 s−1, of about 180, the highest in the region. There is evidence of ongoing star formation in N11B. About 20 HAeBe stars, which are intermediate-mass pre-main-sequence stars, have been detected in this region (Barbá et al. 2003; Hatano et al. 2006).
Second, N11D, a molecular cloud with bright free–free emission but not massive star formation (no direct evidence of star formation activity is observed in this region) at the eastern border of N11. This cloud lies in the southern part of the nebula, which is generated by the OB association LH13 (Rosado et al. 1996). Galametz et al. (2016) showed that the region also has a significant radiation field intensity, but not so extended or intense as in the first region we described. Israel & Maloney (2011) obtained G0 about 26 toward this region.
The third region is N11I, a molecular cloud at the southwestern border of N11 that does not have bright free–free emission, which indicates more quiescent molecular gas.
These clouds can be placed in the evolutionary sequence of molecular clouds proposed by Kawamura et al. (2009): N11B wouldbe a type III cloud (clouds associated with young stars), N11D, a type II (clouds associated with H II regions), and N11I, a type I (no H II region associated). The center and sizes of the observed regions in 13CO J = 3–2, and some of the characteristics described above, are summarized in Table 1.
3 ASTE observations and data reduction
The observations of the 12CO J = 3–2 emission line that mapped the entire N11 region (see the region enclosed by dashed lines in Fig. 1) were performed during November and December 2014 with the 10 m Atacama Submillimeter Telescope Experiment (ASTE). The CATS345 GHz band receiver we used is a two single-band SIS receiver that is remotely tunable in the LO frequency range of 324–372 GHz. The spectrometer MAC was used with a bandwidth of 128 MHz and a natural spectral resolution of 0.125 MHz. The spectral velocity resolution was 0.11 km s−1 and the half-power beam width (HPBW) was 22′′ at 345 GHz. We mapped the N11 region in the on-the-fly mapping mode, which covered the region with two different maps in both X and Y scan directions inorder to remove any residual on the maps due to the scan pattern. The system temperatures values changed from 300 to 700 K during the observations. Pointing was performed toward R Dor every 1 or 1.5 h, depending on the weather conditions. We also observed Orion KL to check the absolute value of the calibrations, which agrees within 10%.
During August 2015, three regions toward N11 (boxes in Fig. 1, and see Table 1) were mapped in the 13CO J = 3–2 line using the same telescope with the CATS345 receiver and the MAC spectrometer with the same configuration as explained above. The spectral velocity resolution was 0.11 km s−1 and the HPBW was 23′′ at 330 GHz. The observations were also made in the on-the-fly mapping mode. The system temperature was between 200 and 400 K. In both cases the main beam efficiency was about ηmb = 0.6.
The observations were reduced with NOSTAR (Sawada et al. 2008), and some spectra were processed using the XSpec software package1. The spectra were Hanning-smoothed to improve the signal-to-noise ratio (S/N), and low-degree polynomials were used for baseline fitting. The typical rms noise level is 200 and 40 mK for 12CO and 13CO, respectively.
Table 1

Observed regions in 13CO J = 3–2 toward N11.

4 Results
Figure 2 presents in contours the 12CO J = 3–2 emission integrated between 270 and 290 km s−1 toward the entire N11 region (the surveyed region is enclosed with the dashed lines).
For the subregions mapped in the 13CO (boxes in Fig. 1), which are called N11B, N11D, and N11I, Fig. 3 (left) presents the integrated 13CO J = 3–2 line between 270 and 290 km s−1. For comparison we also show in Fig. 3 (right) the same subregions as seen in the integrated 12CO J = 3–2 line emission.
In order to study the morphology and velocity distribution of the molecular gas mapped in each isotope toward N11B, N11D, and N11I, we present in Figs. 4–6 the 12CO and 13CO J = 3–2 emission displayed in channel maps integrated in bins of 2 km s−1. The velocity ranges displayed in these figures are the same as those presented in the 12CO J = 2–1 channel map in Herrera et al. (2013). We based our work on the 13CO emission, which is the optically thinner tracer, to identify molecular clumps. Thus, in N11B we identified two clumps, 1B and 2B (they are marked in the channel maps at 280.8 and 282.9 km s−1 in Fig. 4), in N11D we identified clumps 1D and 2D (marked in the channel maps at 276.6 km s−1 in Fig. 5), and finally in N11I, clumps 1I and 2I (marked in the channel maps at 278.6 and 282.9 km s−1 in Fig. 6). In the last case, another molecular clump can be identified toward the east in the channel map at 274.4 km s−1, but as the clump is not completely observed, we did not catalog it in order to calculate its physical parameters.
For the first time, we have data of the 13CO J = 3–2 line toward N11,therefore we used it to estimate the mass of the molecular clumps identified in Figs. 4–6 by assuming local thermodynamic equilibrium (LTE). The excitation temperature was obtained from
[image: equation](1)
The 12CO and 13CO optical depths, τ12 and τ13, were obtained from
[image: equation](2)
where 12Tmb and 13Tmb are the peak temperatures of the 12CO and 13CO J = 3–2 lines and X = 50 is the assumed isotope abundance ratio (Wang et al. 2009). As shown in Table 2, the 13CO J = 3–2 line is optically thin, thus we estimate its column density from
[image: equation](3)
with
[image: equation](4)
We assumed an abundance ratio of [H2 /13CO] = 1.8 × 106 (Garay et al. 2002) to obtain the molecular hydrogen column density N(H2). Finally, the mass was derived from
[image: equation](5)
where μ is the mean molecular weight, assumed to be 2.8 by taking into account a relative helium abundance of 25%, mH is the hydrogen mass, D is the distance (50 kpc), and Ω is the solid angle subtended by the beam size. We summed over all beam positions of the 13CO molecular structures. The central velocity and the radii are presented in the first two lines in Table 2. Because clumps 1B and 2D have an elliptical shape, we provide the effective radius obtained from [image: equation], where Ra and Rb are the semi-axes of the elliptical molecular feature. The other files of the table present all the parameters obtained under the LTE assumption.
We estimated the virial mass of each clump from the 13CO J = 3–2 emission from the following equation:
[image: equation](6)
where k = 190 by assuming clouds with densitydistributions ∝ r−1 (MacLaren et al. 1988), Δv13 the line velocity width (FWHM) of the 13CO J = 3–2 emission obtained at the peak position of each molecular structure, and R is the radius presented in Table 2. The Δv13 and the obtained virial mass are presented in Table 3.
	[image: thumbnail]	Fig. 2
N11 complex as seen in the 8 μm emission obtained from SAGE Spitzer with the 12CO J = 3–2 emission integrated between 270 and 290 km s−1 presented in red contours. The contour levels are 4, 7, and 10 1.5 K km s−1, and the rms noise level is between 1 and 1.5 K km s−1.



	[image: thumbnail]	Fig. 3
Left: maps of the 13CO J = 3–2 integrated emission between 270–290 km s−1. The contour levels are 1, 2, 3, and 4 K km s−1 for N11B (upperpanel), 1, 1.5, and 2 K km s−1 for N11D (middle panel), and 0.6, 1, and 1.5 K km s−1 for N11I (bottom panel). The rms noise levels is about 0.2 K km s−1. Right: maps of the 12CO
J = 3–2 integrated emission between 270 and 290 km s−1. The contour levels are 7, 10, 17, and 25 K km s−1 for N11B (upperpanel), 5, 8, 11, and 15 K km s−1 for N11D (middle panel), and 5, 7, and 11 K km s−1 for N11I (bottom panel). The rms noise level is between 1 and 1.5 K km s−1. The beam isincluded in each panel.



	[image: thumbnail]	Fig. 4
Channel maps of the 12CO and 13CO J = 3–2 line (left and right) of N11B. The contour levels are 1, 2, and 3 K km s−1 for the 12CO, and 0.1, 0.3, 0.6, and 0.9 K km s−1 for the 13CO. The gray scale is displayed at the top of every map and is in K km s−1. In two panels of the 13CO emission, the positions of two identified clumps are marked with red circles or ellipses.



	[image: thumbnail]	Fig. 5
Channel maps of the 12CO and 13CO J = 3–2 line (left and right) of N11D. The contour levels are 1, 2, and 3 K km s−1 for the 12CO, and 0.1, 0.5, and 0.9 K km s−1 for the 13CO. The gray scale is displayed at the top of every map and is in K km s−1. In one panel of the 13CO emission, the positions of two identified clumps are marked with red circles or ellipses.



	[image: thumbnail]	Fig. 6
Channel maps of the 12CO and 13CO J = 3–2 line (left and right) of N11I. The contour levels are 1, 2, and 3 K km s−1 for the 12CO, and 0.2, 0.5, and 0.8 K km s−1
for the 13CO. The gray scale is displayed at the top of every map and is in K km s−1. In two panels of the 13CO emission, the position of two identified clumps are marked with red circles.



Table 2

Observed and derived parameters (assuming LTE) of each molecular clump.

Table 3

Used Δv13 (in km s−1) and obtained virial mass (in × 104 M⊙) of the molecular clumps from the 13CO J = 3–2 line.

4.1 Line ratio maps
In order to study evidence of molecular photodissociation, we calculated the isotopically integrated line ratios [image: equation] (12CO/13CO J = 3–2). A similar analysis was made for the ∫ T3−2dv∕∫ T2−1dv (12CO 3–2/2–1) and ∫ T3−2dv∕∫ T1−0dv (12CO 3–2/1–0) ratios in order to study possible evidence of shocks in the gas, how the gas is affected by the radiation, and to better constrain the relation between the J = 3–2 and J = 1–0 lines in order to evaluate CO contributionto the continuum at 870 μm.
We constructed maps of 12CO/13CO J = 3–2 for each region and present them in Fig. 7 in the context of the N11 complex. To construct the maps of the 12CO/13CO ratio, we considered pixels above the 3σ noise level in both the 13CO and 12CO integrated maps.
Using the 12CO J = 2–1 and J = 1–0 from Herrera et al. (2013) together with our observations of 12CO J = 3–2, we constructed maps of the integrated line ratios 12CO 3–2/2–1 and12CO 3–2/1–0 (see Figs. 8 and 9). To compare these lines, the data were required to be at the same angular resolution. We therefore convolved the 12CO J = 3–2 data to the 23′′ and 45′′ resolutions of the J = 2–1 and J = 1–0 data, respectively. Table 4 lists the obtained average values for these ratios toward the peak position of each molecular clump.
4.2 Non-LTE analysis
Using the 12CO J = 1–0, 2–1, and 3–2 and the 13CO J = 3–2 lines, we performed a non-LTE analysis to estimate the physical conditions toward the peaks of the most intense molecular features (i.e., clouds 2B, 1D, and 1I). To estimate the column density and the H2 volume density, we used the RADEX code2 (Van der Tak et al. 2007).
The inputs of RADEX are kinetic temperature (TK), line velocity width at FWHM (Δv), and line peak temperature (Tpeak), and the code yields column and volume molecular densities (N and [image: equation]). Assuming that the dust and gas are coupled, we used TK = 20 K based on the dust temperature obtained in previous works (Galametz et al. 2016; Herrera et al. 2013). In the case of the 12CO J = 2–1 and 3–2 and 13CO J = 3–2 lines, the data were convolved with the 45′′ beam of the J = 1–0 line. The Tpeak and Δv were obtained from Gaussian fits to the spectra (see Fig. 10), whose results are presented in Table 5. Results from the 13CO J = 3–2 line are included for comparison.
As done in a previous work toward N159 (Paron et al. 2015), we assumed that the lower 12CO transitions (J = 1–0 and 2–1) arise mainly from the cold gas component, while it is likely that the J = 3–2 transition arises from both a cold and a warmer component. Then, we ran the RADEX code for two cases: 100 and 50% of the 12CO J = 3–2 emission assigned to the cold component at 20 K. The results from RADEX are presented in Fig. 11. Table 6 presents the results obtained by considering 50% of the 12CO J = 3–2 emission, which as Fig. 11 shows (see the gray shaded area in each panel) are the tighter results between the analyzed possibilities. Taking into account the errors in the peak temperatures, the uncertainties in the results from RADEX are about 20 and 30% in the limits of the ranges of N(CO) and [image: equation], respectively.
	[image: thumbnail]	Fig. 7
Isotopically integrated line ratio. The contours correspond to the integrated 13CO J = 3–2 emission as presented in Fig. 3 (left).



	[image: thumbnail]	Fig. 8
12CO J = 3–2/1–0 integrated line ratio. The contours correspond to the integrated 13CO J = 3–2 emission as presented in Fig. 3 (left).



	[image: thumbnail]	Fig. 9
12CO J = 3–2/2–1 integrated line ratio. The contours correspond to the integrated 13CO J = 3–2 emission as presented in Fig. 3 (left).



Table 4

Average integrated ratios toward the peaks of the molecular clumps.

5 Discussion
The 12CO and 13CO J = 3–2 line were mapped for the first time toward N11. These data complement previous studies about the molecular gas and dust properties in the region (e.g., Israel et al. 2003; Herrera et al. 2013; Galametz et al. 2016). The 12CO J = 3–2 emission shows that the molecular gas is distributed in a fragmented shell around N11 (see Fig. 2). As Deharveng et al. (2005) pointed out, the presence of either a dense molecular shell surrounding the ionized gas of an H II region or massive fragments regularly spaced along the ionization front suggests triggered star formation through the collect-and-collapse mechanism. This scenario agrees with sequential star formation among the OB associations proposed in Parker et al. (1992) and Walborn & Parker (1992), and suggests that it is likely that the triggered star formation processes observed in our Galaxy (e.g., Deharveng et al. 2009; Zavagno et al. 2010; Duronea et al. 2017) also occur in the LMC.
The morphology of the molecular features as seen in the 12CO and 13CO J = 3–2 lines (see Fig. 3 and also the channel maps in Figs. 4–6) show signatures that allow us to discuss some open questions about the effects of the H II regions or OB associations on the molecular gas. For instance, in the case of N11D, which is a region southward of the LH13 OB association, the observed molecular cloud has a filament-like structure with a maximum toward the north. This feature presents a slight curvature, with the concavity pointing to the center of the N11 nebula. Even though this cloud can be affected by the action of LH13 OB association, taking into account its morphology and that it is located at a border of the N11 complex, the ionizing bubble around LH9 (the N11 central OB cluster) probably is important in shaping it.
In general, the analyzed molecular features in the regions that have been observed in 13CO show a clumpy morphology with at least two well-defined molecular clumps in each one. In the case of N11D, we identified clumps 1D and 2D, which belong to the molecular structure described above. N11B includes two molecular structures: a more intense one with a circular shape (clump 2B), and a weaker one with a roughly elliptical shape (clump 1B). The positions of these molecular features coincide with the nebula generated by LH10, and clump 2B is located slightly to the north of a maximum of [OIII] emission generated by the LH10 OB association, where a methanol maser also lies (Barbá et al. 2003). The molecular feature in N11I presents an even more clumpy morphology, and clump 1I is the more intense feature in the region. The presence of these clumps in the 13CO J = 3–2 line can be interpreted as evidence of the fragmentation that is generated in a molecular shell due to the expansion of the N11 nebula, as mentioned above. However, a general collapse of giant molecular clouds giving place to these molecular fragments cannot be discarded.
From the mass characterization of these clumps we find that the ratio between the virial and LTE mass (Mvir/MLTE) is higher than unity in all cases, which suggests that they are not gravitationally bounded, and it is likely that we mainly map turbulent molecular gas. This is consistent with the presence of OB clusters and H II regions, which are known sources of kinetic energy and turbulence in molecular clouds (e.g., Garay et al. 2002). Herrera et al. (2013) used the 12CO J = 2–1 and obtained similar relations between Mvir and MLTE for most of their cataloged clumps in N11. Our results, obtained with the 13CO, which is an optically thinner tracer, show that even deeper parts of the molecular clumps are not gravitationally bounded and may be supported by external pressure, as found in molecular clouds around Galactic H II regions (Rathborne et al. 2002; Massi et al. 1997), and in the LMC, in N113 (Paron et al. 2014), and Cloud B of Complex No. 37 (Garay et al. 2002).
Clump 1I exhibits the highest virial mass of the studied clumps (~ 5.7 × 104 M⊙); it is almost three times higher than its LTE mass. This suggests, as mentioned above, that the molecular clump is not gravitationally supported. The corresponding 12CO J = 1–0, J = 2–1, and J = 3–2 spectra (see Fig. 10) show a slightly red-skewed asymmetry in the profiles. When we discard the presence of a second velocity component, and because it is very likely that this clump lacks stellar activity in its interior, the observed red-skewed asymmetry in the spectra could be ascribed to the global expansion of N11 that was caused by the feedback of the OB association LH9. When we consider that the VLSR associated with the 12CO emission is about 280 kms−1 and the average systemic velocity of the association LH9 is about 295 km s−1 (Evans et al. 2007), the blue wings in the spectra might reflect gas that is pushed toward us by the expanding nebula.
	[image: thumbnail]	Fig. 10
12CO J = 1–0. 2–1, and 3–2, and 13CO
J = 3–2 spectra toward the peak of clump 2B, 1D, and 2I. The red curves are the Gaussian fits. The rmsnoise of each spectrum is (from top to bottom) 178.0, 95.2, and 31.2 mK (clump 2B), 140.0, 62.9, and 25.6 mK (clump 1D), and 142.0, 55.7, and 35.6 mK (clump 2I). The 12CO J = 2–1 and 3–2, and13CO
J = 3–2 spectra were convolved with the 45′′ resolution of the J = 1–0 line.



5.1 Integrated line ratios
The average values (between 7 and 8) in the 12CO/13CO integrated line ratio found toward the peaks of clumps 2B, 1D, 2D, and 1I are similar to the values found toward N159 and N113 (Paron et al. 2014, 2015), while the values at the peaks of clumps 2I and 1B (higher than 8) are quite similar to the values found toward N132, N166-A, and N166-B (Paron et al. 2015), regions that are not as active as N133 and N159. In general, the 12CO/13CO maps (see Fig. 7) show that the molecular peaks present a quite uniform ratio, with higher values at the borders. When we assume that the integrated line ratios resemble the 12CO/13CO abundance ratio, the selective photodissociation of the 13CO at the external layers of the clumps can explain what is observed (van Dishoeck & Black 1988; Visser et al. 2009). This phenomenon has been observed in Galactic molecular clouds exposed to UV radiation (Langer & Penzias 1993; Visser et al. 2009). In the case of N11D, a clear gradient is found to extend from right to left, with lower values at the border that is exposed to the N11 central OB cluster (LH9) and higher values at the opposite border. This cannot solely be explained by selective photodissociation generated by a far-UV flux from right to left, suggesting either the influence of an external source of flux impinging from left to right in N11D such as a strong interstellar radiation field, or most likely, competing mechanisms among selective photodissociation, chemical fractionation, and non-isotope-selective reactions (Szűcs et al. 2014; Federman et al. 2003).
The average value of the 12CO J = 3–2/1–0 ratio obtained from the six analyzed molecular clumps is about 0.65, which is in agreement with the assumed value in Galametz et al. (2016), who estimated the contribution of the 12CO J = 3–2 line to the 870 μm flux observed with LABOCA. The bandwidth of the LABOCA camera is wide and includes the 12CO line, therefore it is contaminated and the contribution of the 12CO emission to the continuum flux has to be removed. Observations of 12CO J = 3–2 were lacking, therefore Galametz et al. (2016) used the observed 12CO J = 1–0 line to estimate the emission of the J = 3–2 line. Our results confirm the estimation performed by the authors. However, considering the variations in the 12CO J = 3–2/1–0 ratio in the regions (see Fig. 8), the use of the 12CO J = 3–2 emission presented here could improve the estimate of the actual contribution of the dust emission at 870 μm. In Sect. 5.2 we discuss this contribution from a comparison with the LABOCA data.
Additionally, from Fig. 8, we note that N11B presents 12CO J = 3–2/1–0 ratios that are higher than unity across most of the mapped area, which is in agreement with Minamidani et al. (2008), who pointed out that this ratio is enhanced to 1.0–1.5 toward H II regions or clouds with young clusters, as is the case for N11B. On the other hand, the authors found ratios lower than 1 toward clumps with neither H II regions nor clusters, as is the case for N11I. N11D also presents 12CO J = 3–2/1–0 ratios lower than 1, suggesting that N11B and N11D may be affected in different ways by the radiation.
The values of 12CO J = 3–2/2–1 ratio are quite constant among the peaks of the analyzed molecular clumps, with an average of 0.75. This value is similar to what is found toward regions along molecular loops at the Central Molecular Zone in our Galaxy (Kudo et al. 2011); in particular, toward some protrusions in these features that have higher values than in the surroundinggas, but lower than in strong shocked regions (with values as high as 2.5). Our values in the 12CO J = 3–2/2–1 ratios are close to the value (0.8) found in typical galactic disk clouds (Enokiya et al. 2018). The maps presented in Fig. 9 show that the values in the12CO J = 3–2/2–1 ratio increase toward the south of N11B and the north of N11D, in coincidence with the presence of the local OB associations in these regions.
Table 5

Line parameters from the spectra shown in Fig. 10.

	[image: thumbnail]	Fig. 11
Radex results obtained from the 12CO lines toward the peaks of the most intense clumps: 2B, 1D, and 1I (from top to bottom). Dashed lines are the results obtained from the assumption that 50% of the 12CO J = 3–2 emission arises from the cold component at 20 K. The gray shaded areas in each panel show the regions of most probable values of N(CO) and [image: equation]. For comparison, results obtained from the
13CO J = 3–2 line are also included.



Table 6

Radex results from the 12CO 1–0, 2–1, and 3–2(50%) lines with TK = 20 K.

5.2 12CO J = 3–2 line contributionto the 870 μm continuum
Following the above discussion, we calculated the 12CO J = 3–2 line contribution to the continuum emission at 870 μm by comparing with LABOCA data (kindly provided by Galametz M.). The continuum data were convolved to the angular resolution of the 12CO data. The integrated 12CO J = 3–2 line (in K km s−1) was converted into pseudo-continuum flux (mJy beam−1) using the conversion factor C (see Drabek et al. 2012). The maps presented in Fig. 12 show the percentage of the line contribution to the 870 μm continuum toward the analyzed regions. The map of N11B shows similar values as presented in Galametz et al. (2016). On the other hand, in the case of N11D, our map shows lower percentages in comparison with the range presented by Galametz and collaborators.
It is worth noting that region N11I presents the larger line contribution to the 870 μm continuum of the three regions. The reason might be that this region is less strongly irradiated by UV photons and hence the molecular gas, in comparison with the dust, is more abundant than in regions that are more intensely irradiated.
	[image: thumbnail]	Fig. 12
Contribution of the 12CO J = 3–2 emission to the 870 μm continuum. The color bar represents the percentage. Some contours of the integrated
12CO J = 3–2 are includedfor reference.



5.3 Non-LTE considerations
For the non-LTE analysis, TK = 20 K was considered based on the assumption that the gas is coupled to the dust, and hence they should have the same temperatures. We find that the best convergence in the models (i.e., obtaining ranges of results that are tighter in a N(CO)–[image: equation] diagram) occurs when we consider that the 12CO J = 3–2 emission likely arises from both a cold and a warmer gas component. Thus, we approximately considered that 50% of its emission corresponds to gas with the assumed TK = 20 K, while the other 50% corresponds to gas at higher temperatures.
RADEX yields [image: equation] ranges of 1.5–8.5, 1.1–6.9, and 1.0–2.4 × 103 cm−3 for clumps 2B, 1D, and 1I, respectively. The range with the highest values in [image: equation] is found toward 2B, which is a unique region with direct evidence of ongoing star formation, while a more narrow range with lower values is found toward 1I, the region without any activity within it. The average value of [image: equation] obtained in clump 2B, and the highest values in clump 1D agree quite wellwith the density obtained toward the star-forming region N113 by Wang et al. (2009) from an LVG analysis.
6 Summary
The N11 nebula, one of the most important star-forming region in the Large Magellanic Cloud, was mapped for the first time in the 12CO and 13CO J = 3–2 line using the ASTE telescope. The 12CO J = 3–2 line, mapped in the whole region, shows that the molecular gas is distributed in a fragmented shell around N11. Three subregions (N11B, N11D, and N11I) that may be affected by the radiation in different ways were also mapped in the 13CO J = 3–2 line. N11B and N11D are related to the OB associations LH10 and LH13, respectively, and N11I is an area farther away in the southwest and has no embedded OB association. The main results are summarized below.

	(1) We found that the molecular features lying in each analyzed subregion are in general clumpy (at least two well-defined clumps werefound in each) and show some signatures that could be explained by the expansion of the nebula and the action of the radiation. In N11D, which is a region southward of the LH13 OB association, the molecular cloud has a curved filament-like morphology with the concavity pointing to the center of N11 nebula, showing that the ionizing bubble around LH9 (the N11 central OB cluster) seems to shape the N11D molecular cloud, influencing its star-formation and chemistry, as suggested by the isotopic ratio. The molecular cloud in N11B has a peak slightly to the north of a maximum of [OIII] emission generated by the LH10 OB association. The molecular feature in N11I, which is even more clumpy and is not related with any embedded OB association, reinforces the hypothesis of the fragmentation generated in a large molecular shell due to the expanding N11 nebula.


	(2) The fragmented molecular clouds observed throughout the N11 bubble are in line with the sequential star formation scenario proposed by previous works, but also observed in our Galaxy.


	(3) The ratio between the virial and LTE mass (Mvir/MLTE) is higher than unity in all analyzed molecular clumps, which suggests that they are not gravitationally bounded and may be supported by external pressure.


	(4) A non-LTE analysis suggests that at clumps 2B, 1D, and 1I, we mainly observe cold gas (TK about 20 Kwhen we assume that the gas is coupled to the dust) with [image: equation] about a few 103 cm−3. The analysis yields that clump 2B is the densest of the three clumps. It is probable that the 12CO J = 3–2 line arises from both a cold component and a warmer one.


	(5) The maps of the integrated line 12CO/13CO ratios show quite uniform values at the peaks of the clumps, with higher values at the borders, while a gradient is found to extend from the border exposed to the N11 central cluster to the opposite border in N11D. Selective photodissociation of 13CO can explain what is observed in N11B and N11I, while chemical fractionation probably should be taken into account in N11D.


	(6) We obtained an average value of 0.65 in the 12CO J = 3–2/1–0 ratio of the analyzed molecular clumps, which confirms the assumption by Galametz et al. (2016) when they estimated the contribution of the 12CO J = 3–2 line to the 870 μm flux. However, the variations among the clumps show that the direct observation of this line could improve the estimate of the actual contribution of the dust emission at 870 μm. Maps of the 12CO J = 3–2 line contribution to the continuum emission at 870 μm were made. It was found that the N11I presents the larger line contribution to the 870 μm continuum of the three studied regions.


	(7) It was found that N11B and N11D present 12CO J = 3–2/1–0 ratios higher and lower than unity, respectively. This is evidence that the molecular gas in both regions is affected in differnt ways by the radiation. Values in the 12CO J = 3–2/2–1 ratios across the whole region were found to be similar to the value (about 0.8) measured in typical galactic disk clouds. The high 12CO J = 3–2/2–1 ratios in the northern part of N11D show that there is stellar feedback from the LH13 cluster. The same is observed in N11B around the LH10 cluster.
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1  XSpec is a spectral line reduction package for astronomy that has been developed by Per Bergman at the Onsala Space Observatory.


2  RADEX is a statistical equilibrium radiative transfer code, available as part of the Leiden Atomic and Molecular Database (https://home.strw.leidenuniv.nl/~moldata/radex.html).
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	[image: thumbnail]	Fig. 1
Three-color image where the 3.6, 4.5, and 8 μm emission obtained from the IRAC camera of the Spitzer Space Telescope (from SAGE Spitzer) are presented in blue, green, and red, respectively. The white boxes show the regions mapped in the 13CO J = 3–2 line, while the area delimited by the dashed line is the region surveyed in the 12CO J = 3–2 line.
In the text



	[image: thumbnail]	Fig. 2
N11 complex as seen in the 8 μm emission obtained from SAGE Spitzer with the 12CO J = 3–2 emission integrated between 270 and 290 km s−1 presented in red contours. The contour levels are 4, 7, and 10 1.5 K km s−1, and the rms noise level is between 1 and 1.5 K km s−1.
In the text



	[image: thumbnail]	Fig. 3
Left: maps of the 13CO J = 3–2 integrated emission between 270–290 km s−1. The contour levels are 1, 2, 3, and 4 K km s−1 for N11B (upperpanel), 1, 1.5, and 2 K km s−1 for N11D (middle panel), and 0.6, 1, and 1.5 K km s−1 for N11I (bottom panel). The rms noise levels is about 0.2 K km s−1. Right: maps of the 12CO
J = 3–2 integrated emission between 270 and 290 km s−1. The contour levels are 7, 10, 17, and 25 K km s−1 for N11B (upperpanel), 5, 8, 11, and 15 K km s−1 for N11D (middle panel), and 5, 7, and 11 K km s−1 for N11I (bottom panel). The rms noise level is between 1 and 1.5 K km s−1. The beam isincluded in each panel.
In the text



	[image: thumbnail]	Fig. 4
Channel maps of the 12CO and 13CO J = 3–2 line (left and right) of N11B. The contour levels are 1, 2, and 3 K km s−1 for the 12CO, and 0.1, 0.3, 0.6, and 0.9 K km s−1 for the 13CO. The gray scale is displayed at the top of every map and is in K km s−1. In two panels of the 13CO emission, the positions of two identified clumps are marked with red circles or ellipses.
In the text



	[image: thumbnail]	Fig. 5
Channel maps of the 12CO and 13CO J = 3–2 line (left and right) of N11D. The contour levels are 1, 2, and 3 K km s−1 for the 12CO, and 0.1, 0.5, and 0.9 K km s−1 for the 13CO. The gray scale is displayed at the top of every map and is in K km s−1. In one panel of the 13CO emission, the positions of two identified clumps are marked with red circles or ellipses.
In the text



	[image: thumbnail]	Fig. 6
Channel maps of the 12CO and 13CO J = 3–2 line (left and right) of N11I. The contour levels are 1, 2, and 3 K km s−1 for the 12CO, and 0.2, 0.5, and 0.8 K km s−1
for the 13CO. The gray scale is displayed at the top of every map and is in K km s−1. In two panels of the 13CO emission, the position of two identified clumps are marked with red circles.
In the text



	[image: thumbnail]	Fig. 7
Isotopically integrated line ratio. The contours correspond to the integrated 13CO J = 3–2 emission as presented in Fig. 3 (left).
In the text



	[image: thumbnail]	Fig. 8
12CO J = 3–2/1–0 integrated line ratio. The contours correspond to the integrated 13CO J = 3–2 emission as presented in Fig. 3 (left).
In the text



	[image: thumbnail]	Fig. 9
12CO J = 3–2/2–1 integrated line ratio. The contours correspond to the integrated 13CO J = 3–2 emission as presented in Fig. 3 (left).
In the text



	[image: thumbnail]	Fig. 10
12CO J = 1–0. 2–1, and 3–2, and 13CO
J = 3–2 spectra toward the peak of clump 2B, 1D, and 2I. The red curves are the Gaussian fits. The rmsnoise of each spectrum is (from top to bottom) 178.0, 95.2, and 31.2 mK (clump 2B), 140.0, 62.9, and 25.6 mK (clump 1D), and 142.0, 55.7, and 35.6 mK (clump 2I). The 12CO J = 2–1 and 3–2, and13CO
J = 3–2 spectra were convolved with the 45′′ resolution of the J = 1–0 line.
In the text



	[image: thumbnail]	Fig. 11
Radex results obtained from the 12CO lines toward the peaks of the most intense clumps: 2B, 1D, and 1I (from top to bottom). Dashed lines are the results obtained from the assumption that 50% of the 12CO J = 3–2 emission arises from the cold component at 20 K. The gray shaded areas in each panel show the regions of most probable values of N(CO) and [image: equation]. For comparison, results obtained from the
13CO J = 3–2 line are also included.
In the text



	[image: thumbnail]	Fig. 12
Contribution of the 12CO J = 3–2 emission to the 870 μm continuum. The color bar represents the percentage. Some contours of the integrated
12CO J = 3–2 are includedfor reference.
In the text





    
      Fig. 1 
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Three-color image where the 3.6, 4.5, and 8 μm emission obtained from the IRAC camera of the Spitzer Space Telescope (from SAGE Spitzer) are presented in blue, green, and red, respectively. The white boxes show the regions mapped in the 13CO J = 3–2 line, while the area delimited by the dashed line is the region surveyed in the 12CO J = 3–2 line.


    

  
    Table 1 

Observed regions in 13CO J = 3–2 toward N11.



	Region
	RA (J2000)
	Dec(J2000)
	Size
	OB association
	MCs evolutionary sequence (a)





	N11B
	04h56m48s
	−66°24′25′′
	140′′ × 110′′
	LH10 (embedded)
	Type III



	N11D
	04h55m41s
	−66°34′25′′
	130′′ × 100′′
	LH13 (to the north)
	Type II



	N11I
	04h57m50s
	−66°28′57′′
	80′′ × 230′′
	None
	Type I






Notes.
(a) Probable evolutionarysequence (from Kawamura et al. 2009) of the molecular clouds in the regions.





  
    
      Fig. 2 
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N11 complex as seen in the 8 μm emission obtained from SAGE Spitzer with the 12CO J = 3–2 emission integrated between 270 and 290 km s−1 presented in red contours. The contour levels are 4, 7, and 10 1.5 K km s−1, and the rms noise level is between 1 and 1.5 K km s−1.


    

  
    
      Fig. 3 
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Left: maps of the 13CO J = 3–2 integrated emission between 270–290 km s−1. The contour levels are 1, 2, 3, and 4 K km s−1 for N11B (upperpanel), 1, 1.5, and 2 K km s−1 for N11D (middle panel), and 0.6, 1, and 1.5 K km s−1 for N11I (bottom panel). The rms noise levels is about 0.2 K km s−1. Right: maps of the 12CO
J = 3–2 integrated emission between 270 and 290 km s−1. The contour levels are 7, 10, 17, and 25 K km s−1 for N11B (upperpanel), 5, 8, 11, and 15 K km s−1 for N11D (middle panel), and 5, 7, and 11 K km s−1 for N11I (bottom panel). The rms noise level is between 1 and 1.5 K km s−1. The beam isincluded in each panel.


    

  
    
      Fig. 4 
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Channel maps of the 12CO and 13CO J = 3–2 line (left and right) of N11B. The contour levels are 1, 2, and 3 K km s−1 for the 12CO, and 0.1, 0.3, 0.6, and 0.9 K km s−1 for the 13CO. The gray scale is displayed at the top of every map and is in K km s−1. In two panels of the 13CO emission, the positions of two identified clumps are marked with red circles or ellipses.


    

  
    
      Fig. 5 
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Channel maps of the 12CO and 13CO J = 3–2 line (left and right) of N11D. The contour levels are 1, 2, and 3 K km s−1 for the 12CO, and 0.1, 0.5, and 0.9 K km s−1 for the 13CO. The gray scale is displayed at the top of every map and is in K km s−1. In one panel of the 13CO emission, the positions of two identified clumps are marked with red circles or ellipses.


    

  
    
      Fig. 6 
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Channel maps of the 12CO and 13CO J = 3–2 line (left and right) of N11I. The contour levels are 1, 2, and 3 K km s−1 for the 12CO, and 0.2, 0.5, and 0.8 K km s−1
for the 13CO. The gray scale is displayed at the top of every map and is in K km s−1. In two panels of the 13CO emission, the position of two identified clumps are marked with red circles.


    

  
    Table 2 

Observed and derived parameters (assuming LTE) of each molecular clump.



	Clump
	1B
	2B
	1D
	2D
	1I
	2I





	Velocity (km s−1)
	278.5
	284.0
	278.5
	279.5
	278.5
	283.5



	R (pc)
	6.4
	6.5
	7.7
	5.3
	8.4
	6.3



	τ12
	8.8
	9.5
	10.6
	15
	8.8
	8.2



	τ13
	0.1
	0.2
	0.2
	0.3
	0.2
	0.1



	Tex (K)
	8
	13
	11
	7
	10
	8



	N(H2) (× 1022 cm−2)
	1.6
	2.3
	2.5
	2.3
	3.9
	1.0



	MLTE (× 104 M⊙)
	0.8
	1.1
	1.3
	1.1
	2.0
	0.5






  
    Table 3 

Used Δv13 (in km s−1) and obtained virial mass (in × 104 M⊙) of the molecular clumps from the 13CO J = 3–2 line.



		1B
	2B
	1D
	2D
	1I
	2I





	Δv13
	4.0 ± 0.5
	5.4 ± 0.7
	3.7 ± 0.4
	4.5 ± 0.5
	6.0 ± 1.2
	2.6 ± 0.5



	Mvir
	1.9 ± 0.7
	3.7 ± 1.4
	1.9 ± 0.7
	2.0 ± 0.8
	5.7 ± 2.2
	0.8 ± 0.3






  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
Isotopically integrated line ratio. The contours correspond to the integrated 13CO J = 3–2 emission as presented in Fig. 3 (left).


    

  
    
      Fig. 8 
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12CO J = 3–2/1–0 integrated line ratio. The contours correspond to the integrated 13CO J = 3–2 emission as presented in Fig. 3 (left).


    

  
    
      Fig. 9 
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12CO J = 3–2/2–1 integrated line ratio. The contours correspond to the integrated 13CO J = 3–2 emission as presented in Fig. 3 (left).


    

  
    Table 4 

Average integrated ratios toward the peaks of the molecular clumps.



	Clump
	[image: equation]
	[image: equation]
	[image: equation]





	1B
	8.3
	0.7
	0.7



	2B
	7.2
	1.2
	0.9



	1D
	6.5
	0.5
	0.8



	2D
	6.8
	0.7
	0.7



	1I
	7.0
	0.4
	0.6



	2I
	13.0
	0.4
	0.8






Notes.
The errors in all cases are about 10%.





  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
12CO J = 1–0. 2–1, and 3–2, and 13CO
J = 3–2 spectra toward the peak of clump 2B, 1D, and 2I. The red curves are the Gaussian fits. The rmsnoise of each spectrum is (from top to bottom) 178.0, 95.2, and 31.2 mK (clump 2B), 140.0, 62.9, and 25.6 mK (clump 1D), and 142.0, 55.7, and 35.6 mK (clump 2I). The 12CO J = 2–1 and 3–2, and13CO
J = 3–2 spectra were convolved with the 45′′ resolution of the J = 1–0 line.


    

  
    Table 5 

Line parameters from the spectra shown in Fig. 10.



	Clump
	Emission
	Tmb
	VLSR
	Δ v



			(K)
	(km s−1)
	(km s−1)





	2B
	12CO (1–0)
	2.0 ± 0.2
	285.8 ± 0.3
	5.9 ± 0.1



		12CO (2–1)
	1.3 ± 0.1
	285.8 ± 0.1
	6.2 ± 0.7



		12CO (3–2)
	1.2 ± 0.3
	285.4 ± 0.7
	5.7 ± 1.7



	
	13CO (3–2)
	0.30 ± 0.03
	285.4 ± 1.0
	4.8 ± 0.6


	



	1D
	12CO (1–0)
	2.3 ± 0.2
	280.1 ± 0.2
	4.5 ± 0.5



		12CO (2–1)
	1.3 ± 0.1
	280.2 ± 0.3
	4.3 ± 0.6



		12CO (3–2)
	1.1 ± 0.4
	279.9 ± 0.7
	4.1 ± 0.8



		13CO (3–2)
	0.40 ± 0.03
	279.9 ± 1.0
	3.1 ± 0.4


	



	1I
	12CO (1–0)
	2.9 ± 0.9
	279.7 ± 0.2
	4.9 ± 0.4



		12CO (2–1)
	1.6 ± 0.1
	279.9 ± 0.2
	5.1 ± 0.5



		12CO (3–2)
	0.9 ± 0.3
	279.8 ± 0.7
	4.8 ± 1.5



		13CO (3–2)
	0.20 ± 0.03
	279.1 ± 0.6
	4.4 ± 0.9






Notes. The 12CO J = 2–1 and 3–2, and 13CO J = 3–2 spectra were convolved with the 45′′ resolution of the J = 1–0 line.





  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
Radex results obtained from the 12CO lines toward the peaks of the most intense clumps: 2B, 1D, and 1I (from top to bottom). Dashed lines are the results obtained from the assumption that 50% of the 12CO J = 3–2 emission arises from the cold component at 20 K. The gray shaded areas in each panel show the regions of most probable values of N(CO) and [image: equation]. For comparison, results obtained from the
13CO J = 3–2 line are also included.


    

  
    Table 6 

Radex results from the 12CO 1–0, 2–1, and 3–2(50%) lines with TK = 20 K.



	Clump
	N(CO) (1015 cm−2)
	[image: equation] (103 cm−3)



	 	 	 





	2B
	4.4–10.1
	1.5–8.5



	1D
	3.3–9.1
	1.1–6.9



	1I
	7.9–14.4
	1.0–2.4






Notes. Errors are about 20 and 30% in the limits of the ranges of N(CO) and [image: equation], respectively.





  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
Contribution of the 12CO J = 3–2 emission to the 870 μm continuum. The color bar represents the percentage. Some contours of the integrated
12CO J = 3–2 are includedfor reference.


    

  OEBPS/aa35446-19-eq8.png





OEBPS/aa35446-19-eq17.png





OEBPS/aa35446-19-fig9_small.jpg





OEBPS/aa35446-19-eq4.png





OEBPS/aa35446-19-eq5.png





OEBPS/aa35446-19-eq6.png





OEBPS/aa35446-19-eq7.png





OEBPS/aa35446-19-eq15.png





OEBPS/aa35446-19-eq14.png









OEBPS/aa35446-19-fig5_small.jpg





OEBPS/aa35446-19-eq1.png





OEBPS/aa35446-19-fig2_small.jpg





OEBPS/aa35446-19-eq2.png





OEBPS/aa35446-19-eq3.png





OEBPS/aa35446-19-fig8_small.jpg





OEBPS/aa35446-19-fig1.jpg
~ =
(=
(=}
o
N
=
c
2
=)
©
=
(%)
()]
(=]

-66:35:59.8

Right ascension (J2000)





OEBPS/aa35446-19-fig2.jpg
.

(000z[) uoneuipaq

8'659°9€:99-

=
o
=
o
<

Right Ascension (J2000)





OEBPS/aa35446-19-fig3.jpg
Declination (J2000)

-66:28:13.6 -66:24:53.8 -66:23:47.2

-66:29:20.2

-66:35:56.2

3CO(3-2)

12CO(3-2)

N11B

“N11B O

O &)
~
X
m
N
b
! : : ©
bt
o
n
1 3

B

4:57:00.0 4:56:48.0 4:57:00.0 4:56:48.0
| ] ]
Q « Q
N
3
«©
]
g
ol
a
0
&
©
®°
4:58:00.0 4:57:48.0 4:58:00.0 4:57:48.0

-66:33:07.0

-66:33:17.8

-66:35:59.8

| Rj
4:55:48.0 4:55:36.0

L 1
4:55:48.0 4:55:36.0

Right Ascension (J2000)





OEBPS/aa35446-19-fig4.jpg
12 13
0 CO(3-2) o , ., CO(3-2)
J | e i il i — ]
266.1 KM/S| 268.1 KM/S. 270.2 KMS Y 2661KMS| \/ v 268.1 KMS T 270.2 KM/S
<
J o °©
272.4 KM/S! 274.4 KM/S 276.6 KM/S ! 2724 I‘(M/S * 274.4 KMS v 276.6 KM/S

®) @ & &

Declination (J2000)

- —t L+ —
278.6 KM/S_ 278.6 KMS T 280.8KMS|

| & | o |

| —— il
= 289 KMA| 2849 KMs 287.1 K
662330 y o/ \/ Au \% 0

-66 25 00

045700 045645
Right Ascension (J2000)





OEBPS/aa35446-19-fig5.jpg
0 2C0(3-2) ., . . Bco3-2)
T ! i T [T T i T i ]
2661 KMS 268.1 KMIS 296.2 KM/ 2661 KM5S| 268.1 KM/S 2702 KM/S
9 -
3 &
v o o
(O (o
L L
() A, @ g
;
2924 KM, 2744 KMS W2axws TAAKMS| - 2766 Kis
—_ O 2
8 Q 1D
o
o s
=4 \
5 | > 20
B =
g — ' , {
£ 6 KMS BKMS BEXMS| |~ BKMS 2629 Ks
3 >
3 ] o .
) &
) | , ) 3 <
+ + + + + + LS = = . g T
284.9KMS 287.1 KMIS 2891 KMS| [~ 2849 KMPS 2871 KMIS| > 2891 KW/S
-66 28 30! [
g !
)
662930 - = - 0
D » " -

045800 045745

Right Ascension (J2000)






OEBPS/aa35446-19-fig6.jpg
12 13
B s 10 co3-2) , , , ; CO(3-2)
B e e BN e e |
2661 KMS| 2681 KMS[™  270.2 KMIS 2661 KMS|  268.1 KM/S|  270.2 KM/S
L L b L = L
v « u v
F F A 15
(<3 &
N
L L L s L
L H
L | I ; . A
2724KMS|[ 2744KMS[ 276.6 KMIS 2724KM/S| 2744 KMIS|  276.6 KM/S
S) [ I ° -
g . X8 «\§
I r <
S e
5
= +—+ —t (7. ——t T
@ 278.6 KM/S|  280.8 KM/S 282@M/S
. [ K o
a P
(/ O ) (-
L H =" r : ’
s
+ L 4 + e+
2871 KMS| 289.1 KM/S 284GKMS[287.1 KMS[ 2891 KIS
6633001 b
663500+ s L b =

045550 04 55 30
Right Ascension (J2000)





OEBPS/aa35446-19-fig7.jpg





OEBPS/aa35446-19-fig8.jpg
2CO 3-2/1-0

S — |
03 04 05 06 07 08 09 1.0 11 1.2 13 14 15





OEBPS/aa35446-19-fig10_small.jpg





OEBPS/aa35446-19-fig9.jpg





OEBPS/aa35446-19-fig1_small.jpg





OEBPS/dash.png





OEBPS/aa35446-19-fig12_small.jpg





OEBPS/aa35446-19-fig4_small.jpg





OEBPS/aa35446-19-fig7_small.jpg





OEBPS/aa35446-19-eq13.png





OEBPS/aa35446-19-fig3_small.jpg





OEBPS/aa35446-19-eq21.png





OEBPS/aa35446-19-fig10.jpg
Tmb [K]

Tmb [K]

Tmb [K]

Tmb [K]

2CO(1-0)

. 2B 1D \ =00 | | 11 co(1-0)
i 12C0(2-1) ) 2CO(2-1) 2C0(2-1)

05

-

05

C

2€0(3-2) J\ 2C0(3-2) ﬂ 2€0(3-2)
° Al o °
BCoB-2) | ° BCOEB-2) | ° m 3CO(3-2)
F F F w00 EQ 20 0 w0 F F

Velocity [km/s]

Velocity [km/s]

Velocity [km/s]





OEBPS/aa35446-19-eq20.png





OEBPS/aa35446-19-eq12.png





OEBPS/aa35446-19-fig12.jpg





OEBPS/aa35446-19-eq11.png





OEBPS/aa35446-19-fig11.jpg
13co(3-2) 3-2(50%) 1-0
1

log(nH,)
N

2-1/3-2
=~ _2-1/3-2(50%)
3-2(50%
13c0(3-2) S0 2-1 1-0 11
1
P32
i
1
1
1
1
\

______ 2-1/3-2(50%)
2-1/3-2(50%)

1-0/2-1

150 155 160 165 170 175 180
log(N(CO))





OEBPS/aa35446-19-eq9.png





OEBPS/aa35446-19-eq19.png





OEBPS/aa35446-19-eq16.png





OEBPS/aa35446-19-eq10.png





OEBPS/aa35446-19-fig11_small.jpg





OEBPS/aa35446-19-eq18.png





OEBPS/aa35446-19-fig6_small.jpg
o o [ ey

o
e






