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Abstract.
More complete knowledge of galaxy evolution requires understanding the process of star
formation and interaction between the interstellar radiation field and the ISM in galactic environments
traversing a wide range of physical parameter space. Here we focus on the impact of star formation on the
surrounding low metallicity ISM. Indeed, lowering the metal abundance, as is the case of some galaxies of
the early universe, results in an overall lower galactic dust reservoir, hence, less shielding for the formation of
the molecular gas necessary for star formation to proceed. A convenient laboratory to zoom into the various
phases of the ISM to study the effects of low metallicity on the ISM properties, is our nearest neighbor, the
Large Magellanic Cloud, which has a metallicity 1/2 that of solar. The goal is to construct a comprehensive,
self-consistent picture of the density, radiation field, and ISM structure in the vicinity of one of the most
massive star clusters in our local neighborhood, R136.
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Introduction

We present Herschel spectroscopic data of 30 Doradus (hereafter 30Dor) in the Large Magellanic Cloud (LMC),
one of the most active star forming region in our local universe. At a distance of only 50 kpc (Walker 2011), the
LMC allows us to have a high spatial resolution view in a low metallicity environment (∼ 1/2 solar ; Rolleston
et al. 2002; Pagel 2003). We investigate the consequences of reduced metallicity on the heating and cooling
mechanisms of the gas, particularly in the photo-dissociation regions (PDRs) where the chemistry and thermal
balance are regulated by far-ultraviolet photons (6eV< hν <13.6eV). In particular, the transition C+ /C/CO
can be altered from what we see in galactic regions (Kaufman et al. 1999) and the value of the conversion factor
of CO to H2 , the X factor, can be affected. We interpret our observations of the 30Dor region with a PDR
model to deduce the physical parameters and the structure of the gas around the massive stellar cluster R136.
2

Observations

2.1

PACS spectoscopy data

We have mapped the five fine structure lines, [Cii] 157 µm, [Nii] 122 µm, [Oi] 63 µm, [Oi] 145 µm and [Oiii]
88 µm using the PACS spectrometer (Poglitsch et al. 2010) on board Herschel. These observations are part of
the Herschel key program, SHINNING (P.I. E. Sturm), described in Madden et al. (2013), and OT2 (Indebetouw
et al.). The different layers of the gas from the highly ionized medium near the star cluster R136, and deeper
into the molecular gas can be identified in Fig. 1
The PACS array is composed of 5 × 5 spatial pixels, covering a total field of view of 4700 . A region of
approximately 40 × 50 of 30Dor (∼ 56 pc ×70 pc) was covered by Herschel, with a resolution of 9.500 to 1200 . The
data reduction is done with the Herschel Interactive Processing Environment (HIPE) v12.0.0 (Ott 2010) from
Level 0 to Level 1 and then with PACSman v3.61 (Lebouteiller et al. 2012) to fit the lines and make the maps.
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c Société Francaise d’Astronomie et d’Astrophysique (SF2A) 2014

10

SF2A 2014

Fig. 1. Three-color image of the 30 Doradus nebula. Red: PACS [Oiii] 88 µm. Blue: PACS [Cii] 157 µm. Green:
VISTA J band. Yellow contours: 12 CO(3-2) emission observed with ASTE (Minamidani et al. 2011).

As all of these tracers have different ionization energies and different critical densities, at this resolution we
can distinguish different layers of the ionization and neutral structure. We note that the [Oiii] emission is very
extended, peaks closer to the star cluster than the [Cii] emission and is everywhere brighter than [Cii] 157 by
a factor of 3 to 60. Both [Oi] emission lines are PDR tracers and follow the emission of [Cii]. The [Nii] map is
much smaller than the others since the line is very faint, often almost 10 times lower than [Cii], but the signal
to noise ratio is still larger than 6 everywhere on the map. All the maps are convolved to the resolution of
PACS at 160 µm (12.300 ), using the kernels from Aniano et al. (2011).
2.2

SPIRE FTS data

The SPIRE instrument includes an Imaging Fourier Transform Spectrometer (FTS) covering the 194-671 µm
bandwidth. The [Nii] 205 µm and [Ci] 370 and 609 µm emission lines were observed in 30Dor with intermediate
sampling. The data reduction is described in Lee et al. (in prep).
CO transitions from J = 4 – 3 to J = 13 – 12, also observed in 30Dor, are presented in Lee et al. (in prep).
2.3

Photometry data

PDR models explain the correlations observed between the energy emerging in the FIR cooling lines and the
infrared continuum from dust. We use PACS and SPIRE photometry data to derive the total infrared luminosity.
PACS and SPIRE maps of the Large Magellanic Cloud at 100, 160 250, 350 and 500 µm were first published in
Meixner et al. (2013) as part of the HERITAGE project. We also use the Spitzer observations of 30Dor at 24
and 70 µm presented in Indebetouw et al. (2009) to construct the spectral energy distribution (SED).
We have applied the dust SED model of Galliano et al. (2011) to the Spitzer MIPS and Herschel PACS and
SPIRE photometry to explain the observed continuum and to derive the LF IR .
3

Tracing the PDRs

[Nii] is a tracer of the low excitation diffuse gas. The critical densities for [Nii] 122 µm and [Nii] 205 µm are
310 cm−3 and 50 cm−3 respectively, making the ratio [Nii] 122/[Nii] 205 a good density tracer. We determine
the density using the ratio of [Nii] 122/[Nii] 205 and the theoretical curve from Bernard-Salas et al. (2012)
(Fig. 2). The calculated density ranges from 100 to 600 cm−3 . These values are consistent with the density
calculated from the [Siii] 18/[Siii] 33 ratio, although this ratio is normally more sensitive to higher densities
due to higher critical densities for the [Siii] lines (ncrit = 1.5 × 104 cm−3 for [Siii] 18 µm and ncrit = 4.1 × 103
cm−3 for [Siii] 33 µm).

Tracing PDR properties and structure in the closest massive low metallicity star-forming region
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Fig. 2. Theoretical ratios [Nii] 122 µm /[Nii] 205 µm (blue) and [Cii] 157 µm /[Nii] 122 µm (red) at temperature
5000 K (dotted line), 10000 K (solid line) and 15000 K (dashed line). Blue and red areas indicate the observed values
for the [Nii] 122 µm /[Nii] 205 µm and the [Cii] 157 µm /[Nii] 122 µm ratios respectively.

The range of density we find across 30Dor implies a theoretical ratio in the ionized gas of [Cii] 157/[Nii]
122 ∼ 0.3 − 0.5 (Fig. 2). However, the observed ratio is significantly higher than this theoretical ratio in the
ionized gas, indicating that most of [Cii] is emitted in PDRs. At least 80% of the [Cii] 157 is expected to be
emitted from PDRs in this region. The [Cii] emission can be considered a reliable tracer of the PDRs in 30Dor
and used as a constraint for the PDR models.
4
4.1

PDR modeling
The Meudon PDR code

Tielens & Hollenbach (1985) showed that the emission from PDRs could be parametrized by the cloud density n
and the strength of the UV radiation field illuminating the cloud GU V (in units of the Habing Field, 1.6 × 10−3
ergs cm−2 s−1 ). We use the Meudon PDR code (http://pdr.obspm.fr/), describe in Le Petit et al. (2006)
to determine these two parameters, using the observational constraints described earlier. This model computes
the atomic and molecular structure of interstellar clouds. It considers a 1D stationary plane parallel slab of
gas and dust illuminated by a radiation field (from UV to radio) originating from one side of the cloud. The
radiative transfer is solved in an iterative way at each point of the cloud as well as absorption by gas and dust
and scattering and emission by dust.
We compute a grid of models with a density range from 102 to 105 cm−3 and an incident UV radiation field
from 1 to 104 on one side (and fixed to 1 on the other side). We fixed the metallicity to half-solar and the total
extinction of the cloud to AV,tot = 30. We run a constant density model.
4.2

Results

Fig. 3 (left panel) presents the values of GU V and n that reproduce the observed values for the ratios
[Oi]145
[Ci]370
[Cii]157 , [Ci]609

[Oi]145+[Cii]157
,
LF IR

[Oi]63
and [Cii]157
for each of the 3000 × 3000 pixel of the map of 30Dor. The best solutions for
the incident radiation field GU V and the density n, are determined by the minimum of the χ2 distribution:
PN
i
χ2 = i=1 Diσ(x,y)−M
, where Di (x, y) is the observed value of the ratio i for a given pixel (x,y), σi (x, y) is the
i (x,y)
uncertainty on this observed ratio and Mi is the value predicted by the model for the ratio i. N is the number
of constrains (independent ratios) that are used. The best n and GU V maps are presented on Fig. 3 (middle
and right pannels).
[Oi]63
The ratio [Cii]157
is not used as a constraint with the other ratios, due to the fact that [Oi] 63 µm can be
optically thick (Tielens & Hollenbach 1985; Abel et al. 2007) or can be subject to absorption by cold gas on the
line of sight (Liseau et al. 2006).
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Fig. 3. Left: In colors, contour plot showing the sets of parameters GU V and n able to reproduce the observed values of
[Ci]370
[Oi]63
[Oi]145
the ratios [Oi]145+[Cii]157
(red), [Ci]609
(light blue) and [Cii]157
(green). The black contours represent
(dark blue), [Cii]157
LF IR
the values of the χ2 . Middle: Best density map (in cm−3 ) of the 30 Doradus region calculated from a chi square model,
using ([Oi]145+[Cii]157)/ LF IR and [Oi]145/[Cii]157 as constraints. Right: Same, for the incident radiation field GU V
(in units of the Habing field).
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Conclusions

We used Herschel PACS and SPIRE observations to constrain a PDR model and determine the physical parameters of the gas in the 30 Doradus region in the LMC. We find a range of densities of ∼ 103 − 104 cm and
a range of incident radiation field GU V ∼ 103 − 104 with the Meudon PDR code.
We find that the ratios of lines that are not co-spatial (such as [Cii]/[Ci] or [Cii]/CO) are not consistent
with these solutions . For example, the observed values of the ratios [Cii]/CO 1-0 and [Cii]/CO 3-2 are much
higher than the values predicted by the model. We can explain that by a lower total extinction of the cloud.
This will be described in Chevance et al. (in prep).
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