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Mid-infrared images of compact and
ultracompact HIl regions: W51 and W75N.
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Abstract. A mid-infrared imaging survey at 8.7, 9.7 and 12.5 um of a selected
number of compact and ultracompact (UC HII) regions has been undertaken with
the 2.1m telescope of the OAN at San Pedro Martir, Mexico. We present a detailed
plane of the observations, and we discuss the preliminary results of two massive

star-forming regions; W51 and WT75N.
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1. Introduction

Massive stars deeply embedded in gi-
ant molecular clouds, produce compact
and ultracompact HII regions (UC HII).
Therefore these regions, very bright at ra-
dio wavelengths, tell us about the locations
where massive stars form. Compact HII re-
gions have diameters between 0.005 and 0.5
pc, electron densities 2x10% < N, < 3x10°
cm 3 and emission measure 2 x 106 < EM
< 10° pc em~%, and show a variety of mor-
phologies (cometary, core-halo, shell struc-
tures, and spherical) (Wood & Churchwell
1989). The morphology and physical condi-
tion of the ionized gas depend on the com-
plex interaction of massive hot stars and
their natal molecular cloud. Different mod-
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els have been proposed to explain these
morphologies; from the classical expansion
model in which the difference in pressure
between the ionized gas and the surround-
ing neutral gas drives the expansion, to the
bow shocks model supported by the stel-
lar wind of an ionizing star that is moving
supersonically through the ambient molec-
ular cloud . The first model may explain
the shell structures, while the second, the
cometary morphologies observed in HII re-
gions.

UC HII regions are small photoionized
nebulae with sizes <0.05pc. Generally they
are associated with water masers and could
represent the earliest observable evolution-
ary phases of a massive star. Many com-
pact and UC HII regions are often found in
groups suggesting the presence of a recently
formed association of O B stars. As the pro-
cess of massive star formation is obscured
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Fig. 1. The 12.5um image of W51 with the identification of the mid-IR sources.
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Fig. 2. 2MASS K-band images of W51 in-

cluding the positions of the mid-IR sources,
UC HII, and maser sources.

by the dust that surrounds newborn stars,
it cannot be investigated at optical wave-
lengths. Mid-IR observations and in par-
ticular high spatial resolution images rep-
resent a powerful tool to study these very
early phases of star formation.

For this purpose, we have undertaken
a limited mid-IR imaging survey at arcsec
spatial resolution of a selected sample of
compact and ultracompact HII regions. In
Section 2 we will show the observations and
the relative sample, while preliminary re-
sults of the complex star forming regions,
W51 and W75N are discussed in Sections 3
and 4.

2. Observations

During two observing runs in September
2000 and November 2001 we have collected
mid-IR images at 8.7, 9.7 and 12.5 ym of 24
compact and UC HII regions with the 2.1m
telescope of the OAN at San Pedro Martir,
Mexico, using the CID camera (Salas et
41.12002). The mid-IR camera is equipped
with a Rockwell 128x128 Si:As blocked
impurity band (BIB) detector array. The
field of view of the array is 70" x70"” with
an effective scale of 0.55” /pix. The list of
the observed regions is reported in Table
1. Preliminary results of W3 Main and
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Table 1. List of compact and UC HII regions observed in the mid-IR

Source a(1950) 0(1950) IRAS Date
h m s o / ”

GM24 1717 02.3 -36 21 08 Sept.12 2000
G9.62+0.19 18 03 16.2 -20 32 00  18032-2032  Sept.13 2000
G19.61-0.23 18 24 50.3 -11 58 32 18248-1158  Sept.12 2000
G34.26+0.15 18 50 46.4 01 11 14  18507+0110  Sept.09 2000
G45.0740.13 1911 00.4 104543 19110+1045 Sept.10 2000
G45.1240.13 1911 06.2 104826 1911141048 Sept.10 2000
W51d(IRS2) 1921223 142515 19213+1424 Sept.08 2000
W51e(IRS1) 19 21 26.3 14 24 42 Sept.08 2000
G75.774-0.34 2019 50.0 371616 20198+3716 Sept.04 2000
G75.78-0.34 2019519 371700 Sept.04 2000
WT75N 20 36 50.1 42 26 59 Sept.12 2000
TRAS21306+5540 21 30 36.0 55 40 00 Sept.09 2000
NGC7538 2311 36.5 611150 2311646111 Nov.06 2001
G111.6124-0.374 23 1321.2 605051 2313346050 Nov.06 2001
G111.282-0.663 23 13 52.7 594538 23138+5945 Nov.07 2001
TRAS23139+5939 23 13 58.9 59 39 06 Sept.09 2000
W3Main 0221532 615221 0221946152 Sept.07 2000
W30H 02 23 17.3 61 3857 0223246138 Sept.07 2000
BRCO05 0225149 612005 0225246120 Nov.07 2001
AFGL5142 0527 30.0 334540 0527443345 Nov.06 2001
AFGL5180 06 05 53.1 21 3846 06058+2138 Nov.09 2001
GGD12-15 06 08 25.8 -06 10 50  06084-0611  Nov.09 2001
(G192.384-0.041 06 12 53.6 18 00 26 Nov.08 2001
NGC2264(IRS1) 06 3825.4 093215 0638440932 Nov.07 2001

W3(OH) are given in [Persi et al. (2002a)),
the mid-IR image of G9.6240.19 is dis-
cussed in Persi et all (2002b), and a gen-
eral view of the observations is reported by
Tapia et al.| (2002).

3. W51

W51 is a complex of HII regions located in
the Sagittarius spiral arm at a distance of
7-8 Kpc, and is known as one of the most
luminous and active region of massive star
formation in the Galaxy. Three main cen-
ters of activity have been identified in the
region. W51 IRS1 is a diffuse arclike HII re-
gion with a diffuse near-IR emission. W51
TRS2 also known as W51-North, is a cluster
of point-like near-IR sources (Goldader &
Wynn-Williams| [1994), with three UC HII,
W51d,d1 and d2, while W51 Main is a site

of strong maser activity and several ultra-
compact HII regions (Zhang & Ho [1997).

For this complex region, we have ob-
tained for each narrow-band filter,a mosaic
of three images. We have found eight mid-
IR sources in W51 IRS1 and at least two
sources in W51 IRS2. A few sources ap-
pear diffuse in the mid-IR. Figure 1 illus-
trates the 12.5pum image with the identifi-
cations of the mid-IR sources. Our image
is very similar to the 1.3cm and 2cm radio
maps of Zhang & Ho (1997) and |Gaume et
al. (1993) respectively. This indicates that
dust and ionized gas are well mixed within
W51. In Figure 2 we report the positions
of the mid-IR sources, compact and UC
HII, and maser sources over the 2MASS K-
band image. All the mid-IR sources within
the positional accuracy have been identified
with near-IR sources.
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W51 TRS2 is enough complex in the
mid-IR. At our spatial resolution, we
identified at least two compact sources
W51IRS2E and W51IRS2W  surrounded
by an envelope of emission that extends
roughly 10-20” (Figure 3). At the higher
spatial resolution, Kraemer et al. (2001)) re-
solved W51IRS2E in at least three compo-
nents, while Okamoto, Y.K. et al| (2001)
revealed in W51 TRS2 seven mid-IR sources
with [Nell], [ArIII], [SIV] line emission, and
silicate absorption.

Particulary interesting is the point-like
mid-IR source IRS1G detected within W51
IRS1 (see Fig.1). Combining the near-IR
observations from the 2MASS catalogue
with our mid-IR flux densities, we have ob-
tained in Figure 4, its spectral energy dis-
tribution (SED). This appears very steep
with a infrared spectral index «(IR)=2.9.
Integrating the SED, we obtained an in-
frared luminosity Lip= 4.4 10° Lgyn.

Finally, in the southern part of W51
(W51 Main), we detected only a very weak
source at 12.5um (F=1.440.5 Jy) here
named W51IRS1I( see Fig.1). This object
not observed in the near-IR, may be the
ultracompact HII region W51e3 found by
Gaume et _al.l (1993). The lack of infrared
sources in W51Main and the presence of
several UC HII and maser sources, suggest
that this is the youngest region of the com-
plex.
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Fig. 3. 12.5um image of W51 IRS2
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Fig. 4. Spectral energy distribution of the
source IRS1G in W51 IRS1.

4. W75N

This region at a distance of 2 Kpc, is
characterized by the presence of a massive
molecular outflow with at its center a clus-
ter of UC HII and maser sources (Torrelles
et.al11997). We have found three sources
in our 12.5 p image of Figure 5. Two mid-
IR sources were identified with the near-IR
sources W75N IRS1 and IRS2, both with
IR excess, while the third source located
at the north (VLA1 in Fig.5) is within the
cluster of UC HII. This is a very red source
detected only at 12.5 p and could be the
power source for the observed outflow. In
particular this source was observed at 1.3
and 3mm (MMI1 in|[Shepherd (2001)).
The spectral energy distributions of
IRS1, and IRS2 obtained combining the
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Fig. 5. 12.5um image of W75N.
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Fig.6. Spectral energy distribution of
W75N IRS1, and W75N IRS2.

near-IR photometry from 2MASS, and our
observed mid-IR flux densities, are shown
in Figure 6. The source IRS2 has a very
steep energy distribution with the presence
of silicate in absorption, while the SED of
IRS1 is flatter indicating that probably the
two sources are at different evolutionary
stages.

5. Summary

We have undertaken a project of a mid-
IR image survey of compact and ultracom-
pact HII regions in giant molecular cloud
in order to study the earliest evolutionary
phases of massive stars, and to understand
the dynamical processes that set the evo-
lution of the molecular clouds. This can be
made comparing infrared images and radio
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maps taken at similar spatial resolution.
The preliminary results of the two complex
star-forming regions, W51 and W75N, here
reported, show the importance of high spa-
tial resolution mid-IR images in studying
the processes of high massive star forma-
tion.
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