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N11 is the second largest HII region in the LMC, after the 30 Doradus nebula and consists of a huge bubble surrounded by several HII regions. Given 
its proximity, N11 is  an ideal laboratory to analyze the kinematics of the ionized gas in a giant HII region. In this poster, we present high resolution 
spectra of this region, obtained with the GIRAFFE instrument on the Very Large Telescope. By using this  data set, we find that most of the Halpha 
emission lines  in this  complex can be fitted by a single Gaussian. By adding all the spectra, we derive the integrated Halpha profile of this complex, 
which displays a width (sigma) of about 12 km s-1 (corrected by instrumental and thermal width). As can be expected, this  width is lower than the 
value presented by the giant-star forming region of 30 Doradus. Given its  evolutionary stage, a comparison of the kinematics of the ionized gas in 
N11 and 30 Doradus can provide important insights to the understanding of the stellar feedback process in giant star-forming regions.
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Introduction
One of the main characteristic of giant HII regions (GHR) is the supersonic width of their integrated emission lines (Smith & Weedman 1972). Several energy sources are invoked to maintain these 
supersonic motions: Stellar winds, supernovae explosions, gravity and stellar radiation. In addition to the formation of supersonic line widths, the energy sources listed above are responsible for shaping 
wind-blown cavities in GHR (Weaver et al. 1977). Despite several efforts that have been done to understand the kinematics of GHR, the main physical process producing supersonic velocity dispersion 
and super bubbles in GHR is still an open question. In order to address the question listed above, we have obtained new high resolution spectroscopic data for the GHR of N11, located in the Large 
Magellanic Cloud (LMC).

NGC 92

Fig. 1. Halpha image of N11, where we have overplotted the Halpha profiles obtained with MEDUSA. The most 
important regions are highlighted with red boxes. Each region has been labelled following Rosado et al. (1996).

Observations of N11 were carried out using the FLAMES/GIRAFFE instrument (MEDUSA) at the 
Very Large Telescope (VLT) under high resolution mode (HR14A). This configuration allow us to 
derived an optical spectroscopic data cube of N11. The instrumental resolution of the 
observations (FWHM) is 18 km s -1 (sigmainst=7.8 km s-1).
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Fig. 2. Normalized Hα profiles over plotted on a Hα image of N11, taken at the CTIO Curtis Schmidt telescope. Each
GIRAFFE/MEDUSA fiber was located at the center of each box.

derived a new data cube centered on the Hα line. Despite
the low spatial sampling, this data cube will enable us to
study the whole kinematic of this star-forming region, in a
similar way as done by Torres-Flores et al. (2013) for the
star-forming region of 30 Doradus.

3. Analysis and Results

3.1. Gaussian fitting procedure

As we discussed in §2.2, we have derived a spectroscopic
data cube of N11 centered on the Hα emission line. In order
to study the kinematic of this region, we have fitted single
Gaussian on the observed Hα profiles, by using the mpfit

package in idl (Markwardt 2009), in a similar way as done
by Torres-Flores et al. (2013) for the case of 30 Doradus.
This analysis allowed us to obtain the center, peak and ob-
served width of the Hα emission line presents in the 219
spectra available in the data cube of N11. When neces-
sary, we have used the package pan in idl to fit multiple
Gaussians on the observed profiles.

The observed width of the Hα emission line (σobs) was
corrected by the instrumental (σin) and thermal widths
(σth), by following σ2 = σ2

obs − σ2
in − σ2

th, where σ rep-

resents the intrinsic width of the Hα line. In the case of
σin, it was derived from the calibration lamp, and it has a
value of σin=7.8 km s−1. For the σth, we assume a hydrogen
gas at an electronic temperature of 104 K, which produces
a σth=9.1 km s−1 (see Melnick et al. 1999).

3.2. The spectroscopic Hα data cube of N11

In Figure 2 we show the Hα profiles observed in N11 over
an Hα image of this star-forming region, taken at the CTIO
Curtis Schmidt telescope. Red boxes identified the regions
previously studied by Rosado et al. (1996). On this figure,
each fiber was located at the center of each box, therefore,
the Hα profile visible in this figure represents a small area
on the sky (1.2”). In order to visualize the shape of the Hα
profile at different locations, all the profiles were normalized
to the peak of each emission.

By inspecting Figure 2 we can see simple Hα profiles
in a large fraction of the nebula. This scenario is quite dif-
ferent from the case of 30 Doradus, where multiple profiles
can be seen across all the region (Chu & Kenicutt 1994,
Melnick et al. 1999 and Torres-Flores et al. 2013). In or-
der to compare our results with previous studies, in the
following we will describe the kinematic features of the re-

4 S. Torres-Flores et al.: A kinematic analysis of the star forming complex N11

gions defined by Rosado et al. (1996) and identified by red
boxes in Figure 2. Region A: This regions correspond to a
bright compact knot. A MEDUSA fiber of the regular grid
lies exactly over this compact region. The Hα profile at this
position is symmetric, with no splitting. The profile at this
position can be fitted by a single Gaussian with a width
of σobs=14.55 km s−1 FALTA aqu´ y en otros casos dar
también el valor corregido.. A residual low-intensity wings
remains after the Gaussian fitting on this profile. Region
B: At the center of N11B is located the OB association
LH10, which have been studied by Parker et al. (1992) and
Barbá et al. (2003). The Hα profiles visible in this region
appear simple, however, they are asymmetric. The profiles
located at the west region of N11B are slightly asymmetric,
suggesting the presence of a secondary component, but we
can not resolve it. The profile located at RA=04h56m36.15s

Dec=−66◦23’16.90” FALTA aqúıy en otros sitios usar ′,
′′... ver manual de estilo de A&A (J2000) presents a high-
velocity secondary component. We note that Rosado et al.
(1996) found six nebular entities in N11B. In our case, the
poor spatial sampling does not allow us to resolve small-
scale kinematic structures inside N11B (Nazé et al. 2001
developed a detailed study of the kinematic of this specific
region). Region C: N11C display simple profiles, which
can be fitted by a single Gaussian fit. We do not detect any
expanding structure in this nebula, which is in agreement
with Rosado et al. (1996). Region E: This nebula displays
simple Hα profiles, which can be fitted by a single Gaussian.
As reported by Rosado et al. (1996), no expansion motions
can be detected in this object. Region F: This nebular
region corresponds to one of the edges of the central cavity
of N11. All the profiles of this region are asymmetric. This
fact suggests the presence of a non-resolved component. At
the position RA=04h56m26.13s Dec=-66◦32’17.0” (J2000),
the CTIO Hα image shows a cavity. The Hα profile ob-
tained at this position does not show an evident double
component, however, a single Gaussian fit on it presents
a width of σobs=19.88 km s−1, which suggests that there
is a non-resolved secondary component associated with a
small expanding structure. Region G: Just two fibers lie
over this region, which present asymmetric profiles.Region
H: The region correspond to the central hole of N11. The
Hα profiles in this region are complex and display several
low-intensity multiple components. This complex kinematic
structure could be linked with stellar winds of the stellar
association LH9 (given that no SN explosion has been re-
ported in this region, Rosado et al. 1996). In Figure 3 we
plot the integrated profile of the region H, as adding all
the observed profiles inside the hole. Inspecting Figure 3
we see a double peaked Hα profile. In order to search for
the individual components, we have fitted four Gaussians
on this integrated profile (red dashed lines). The two most
intense Gaussians can be associated with the expansion of
this region (components 1 and 3 in Figure 3). The veloc-
ity difference between these components is 45.70 km s−1,
which corresponds to an expanding velocity of 22.85 km s−1

(taken as [vcomponent2-vcomponent1]/2). However, this result
is different to the expanding velocity found by Rosado et
al. (1996) for the central hole (45 km s−1). We found that
bluest component is most intense than the red one. This
effect can be related with the internal extinction across the
hole. On this plot, the red continuous line represents the
residual between the Gaussians and the integrated profile.
In this sense, the residual is negligible when compared with

Fig. 3. Integrated Hα profile of the region H (central hole). Four
Gaussian components have been fitted on the integrated Hα

profile. Each components is identified by a red dashed line and
the residue between the observation and the Gaussian model is
displays by a continuous red line. At the top right of each panel
we indicate the observed width of each Gaussian.

the data. Region I: Four fibers lie on this region. The Hα
profiles located at the central region of this nebula display
simple profiles.

Table 1. Expanding structures detected in the irregular grid of
N11

Fiber ID Coordinates Expanding velocity
J2000 km s−1

9 04:55:55.55, -66:21:19.70 30.86
10 04:56:40.81, -66:27:39.00 24.00
11 04:56:44.09, -66:27:17.20 19.44
16 04:56:49.71, -66:21:57.80 19.42
18 04:56:42.56, -66:22:11.00 18.27
53 04:57:15.70, -66:27:00.70 24.00
63 04:57:28.02, -66:32:50.80 12.57
65 04:57:14.49, -66:30:39.80 17.13
68 04:57:32.55, -66:32:18.60 14.84
70 04:57:10.95, -66:30:38.90 20.56
71 04:57:06.53, -66:30:56.00 19.44
73 04:56:48.98, -66:29:57.40 34.40
75 04:56:42.86, -66:30:38.20 24.00
80 04:57:08.32, -66:32:04.50 16.00
123 04:56:43.69, -66:26:14.50 18.29

FALTA: Dos decimales en AR equivalen a un decimal
en declinación: uniformizar.

3.3. The Hα profiles at the filamentary structures of N11

In the bottom panel of Figure 1 we show the position of the
fibers located in the filamentary structures of N11. Most of
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Fig. 10. Hα data cube of N11 (same as Figure 2), where we have superimposed the X-ray emission (0.2-1.0 keV) studied by Maddox
et al. (2009, blue contours). In the same figure we included the CO(2-1) emission shown in Herrera et al. (2013, red contours).

from observations carried out by the Suzaku telescope. In
Figure 10, we also include the CO(2-1) emission shown in
Herrera et al. (2013, red contours). This figure shows that
the central X-ray emission in N11 is confined by the CO(2-
1). Inspecting the Hα profiles, we found that several high-
velocity components can be found overlapping the soft X-
ray emission. In order to show some examples, in Figure 10
we have highlighted with a yellow colour three regions that
display clear high velocity components (regions a, b and
c). Regions “a” and “b” displays clear Hα high-velocity
components. Interestingly, both regions are located at the
edge of the detected X-ray emission. Another high veloc-
ity components are highlighted by region “c”. This small
region displays low-intensity high-velocity features, which
also lies at the boundaries of the detected X-ray emission.
At the location of the region catalogued as NE by Nazé
et al. (2004) we found asymmetric Hα profiles. One profile
in that region displays a resolved secondary component. In
the case of the NW region, we found asymmetric profiles
and also several double profiles, which can be associated
with a large expanding structure, specially at the north of
this region. The Hα profiles in LH10 (following the region
defined by Nazé et al.) appears having a single component.
In the case of the region identified as LH9, we detect mul-
tiple components and high-velocity features. Interestingly,
Nazé et al. (2004) found a faint soft X-ray emission at the
south of the central cluster of N11 (see the violet arrow in

Figure 10 for a reference of the location). These authors
argue that some hot gas may be leaking the central hole of
N11. That emission coincide with Hα profiles that display
asymmetric profiles.

In order to complement the high-velocity features de-
tected in the Hα data cube, we have examined the Hα pro-
files of the fibers located in the irregular grid. In Figure 11
we plot the X-ray and CO(2-1) contours over an Hα image
of N11, where we include the Hα profiles of the fibers that
display high velocity components. On each profile we show
the fiber ID and the x-axis show the wavelength and also
the velocity, which was centred at the radial velocity of the
integrated Hα profile of N11. In this case, we found some
discrete components that reach velocities of ∼90 km s−1

(fiber 105, for example).

4. Discussion

4.1. The general kinematic of N11

The kinematic of the ionised gas in the GHR N11 has been
studied previously by Rosado et al. (1996), Mac Low et al.
(1998) and Nazé et al. (2004). Rosado et al. (1996) used
a Fabry-Perot instrument to map the Hα and [OIII]5007
emission lines across this system. For the central hole these
authors found an expansion velocity of ∼45 km s−1. This
value is in agreement with the measurement performed by
Mac Low et al. (1998), who found an expansion velocity of
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Fig. 7. Left, middle and right panels: Integrated Hα profile of N11, obtained from the spectroscopic data cube, from the irregular
grid and from the modelled data cube. In the top of each panel a single Gaussian was fitted to the data (red dashed line). In the
bottom panel of each panel we have fitted two Gaussian components to the data. Each components is identified by a red dashed
line. In all panels, the residue between the observation and the Gaussian model is displays by a continuous red line. At the top
right of each panel we indicate the observed width of each Gaussian.

∼10 km s−1, consistent with the width of the second most
intense Hα profile (see Figure 6). After that, the width of
the incremental Hα profile remains constant (σ ∼10 km
s−1) until reach 90% of the total intensity of the Hα emis-
sion. The profiles that contribute for the final 10% of the
total intensity in N11 produce a wider integrated profile,
which has a width of σ ∼11 km s−1. In general, the results
derived for the irregular grid can suggest that the brightest
regions of N11 produce Hα profiles that has typical widths
of 10 km s−1, however, we have shown in Figure 6 that
the Hα profiles coming from the irregular grid display sub
sonic velocities in most regions of the nebula. For this rea-
son, the analysis of the incremental width shown by the
Hα profiles located in the irregular grid displays the im-
portance of the contribution of the most intense profiles
in the width of the integrated Hα profile. In this case, the
second most intense profile corresponds to the fiber ID #4,
which is located at the west of the nebula N11B. This pro-
file shows an asymmetric shape, which suggest that it has
more than one single component. This fact may produce
the supersonic width measured for this profile.

3.7. The velocity field and velocity dispersion map

Using the Gaussian fits on each profile, we have derived the
velocity map and the velocity dispersion map of N11, which
are shown in Figure 9. The velocities of the velocity map
are corrected with respect to the radial velocity of N11 (de-
rived from the Gaussian fin on it integrated profile, ∼295
km s−1). Inspecting this figure, we found that the kinemat-
ics of N11 is quite simple. The central region appears as an
expanding structure, having approaching velocities lower
than ∼25 km s−1. Also, we detect some receding velocities
for the central hole (with respect to the radial velocity of
the whole system). In this velocity map, the nebulae N11C
and N11B are located at the same radial velocity of the

whole nebula, which suggest that these bright objects may
dominate the Hα emission of N11. In the case of the veloc-
ity dispersion map, N11 displays a simple kinematics. The
brightest regions in this nebula display low velocity disper-
sions. Regions C and E (see Figure 2) has Hα profiles that
display corrected widths of ∼5 km s−1. On the other hand,
the nebula N11B display larger values for σ, which ranges
from 7 to 15 km s−1. Despite N11B displays simple Hα

profiles, their widths suggest the presence of a non resolved
secondary component, which is in agreement with the ex-
panding structures found by Rosado et al. (1996) and Nazé
et al. (2001). As expected from the fitting process, the Hα
profiles located in the central hole of N11 present larger
widths, as a result of a simple Gaussian fit over multiple
components. However, these central profiles display low in-
tensities when compared with the emission of N11 A, N11
B, N11 C and therefore they do not contribute considerable
in the width of the integrated profile of N11, as we shown
in §3.6.

3.8. The Hα high-velocity features

A careful inspection of the different Hα profiles in the data
cube reveals the presence of discrete high velocity com-
ponents, as can be seen in Figure 2. These kinds of fea-
tures have been reported by Chu & Kennicutt (1994) for
30 Doradus. These authors found a good agreement be-
tween the location of X-ray emission and these Hα high-
velocity features. In order to analyse that correlation for
N11, in Figure 10 we plot the regions of soft X-ray emis-
sion detected by Nazé et al. (2004) through the analysis of
XMM-Newton data (violet circles and ellipses). These au-
thors identified six regions of diffuse X-ray emission, which
were catalogued as NE, NW, LH9, LH10, plume and N11L.
In the same figure, we include the X-ray contours shown in
Maddox et al. (2009, blue contours) which were obtained

In Fig. 1, the Halpha profile of each MEDUSA fiber is overlaid on an Halpha image of N11. The 
most intense and narrow Halpha profiles are associated with a ring of star-forming regions (e.g. 
N11A, N11B, and N11C, see Fig. 1). At the center of this ring we found multiple profiles, which 
are consistent with an expanding bubble. We note that the kinematics of the central region can be 
dominated by the stellar winds and/or the supernova explosions of massive stars belonging to 
LH9, however, the internal kinematics of the young HII regions N11A, N11B, and N11C could be 
mostly affected by their own new-born massive stars.

In Figure 2 we show the integrated Halpha 
profile of N11, obtained from adding all the 
data cube profiles (black solid line), with its 
corresponding single Gaussian fit (red 
dashed line). From this fit, we can note the 
presence o f remain ing w ings in the 
observed profile of N11. In order to remove 
these wings, we have fitted a second 
Gaussian component to the observed 
profile (bottom panel of Fig. 1). The origin 
of this broad-low intensity component is 
still uncertain.
In both panels, we list the measured widths 
(sigmaobs) derived from the Gaussian fits. 
We found that N11 displays a smaller 
sigmaobs than the GHR of 30 Doradus 
(sigmaobs ~29 km s-1, see Torres-Flores et 
al. 2013). This fact may be linked with the 
evolutionary stage of each GHR. 

The Halpha data cube

In Figure 4 we plot the regions of soft X-ray emission detected by Nazé et al. (2004) through the analysis of 
XMM-Newton data (violet circles and ellipses), the X-ray contours shown in Maddox et al. (2009, blue 
contours) which were obtained from observations carried out by the Suzaku telescope and we also 
included the CO(2-1) emission shown in Herrera et al. (2013, red contours). This figure shows that the 
central X-ray emission in N11 is confined by the CO(2- 1). Inspecting the Halpha profiles, we found that 
several high-velocity components can be found overlapping the soft X-ray emission. In order to show some 
examples, in Figure 3 we have highlighted with a yellow colour three regions that display clear high velocity 
components (regions a, b and c). The connection between Halpha high-velocity components and soft X-ray 
emission has been found in other GHR (e.g 30 Dor, Chu & Kennicutt 1994) and is linked with shocks 
produced by strong stellar winds. All these findings show the kinematic richness of GHR.

The integrated Halpha profile

The central expanding bubble
In Figure 3 we show the integrated 
Halpha profile of the central region of N11 
(region H in Figure 1). Inspecting  this 
figure we see a double peaked Halpha 
profile. In order to search for the 
individual components, we have fitted 
four Gaussians on this integrated profile 
(red dashed lines). The two most intense 
Gaussians can be associated with the 
expansion of this region. The velocity 
difference between these components is 
45.7 km s-1, which corresponds to an 
expanding velocity of 22.9 km s-1. This 
value is lower than the expanding velocity 
reported by Rosado et al. (1996). This fact 
should be linked with the different spatial 
resolution of both studies.

Fig. 2. Top panel: Integrated Halpha profile for the 
whole observed data cube. Red lines shown a single 
Gaussian fit, and its corresponding residual. Bottom 
panel: Same analysis, but including a second Gaussian. 

Fig. 3. Integrated Halpha profile for the central 
region of N11 (region H, in Figure 1). Red lines 
show a multiple Gaussian fitting analysis.

X-rays, CO and Halpha emission

Fig. 4. Hα data cube of N11 (same as 
Figure 2), where we have superimposed 
the X-ray emission (0.2-1.0 keV) studied 
by Maddox et al. (2009, blue contours). In 
the same figure we included the CO(2-1) 
emission shown in Herrera et al. (2013, 
red contours).


