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A mid-IR spatial study of the

compact HII regions
IRAS 18434-0242 and

IRAS 21190+5140
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Submitted to Astronomy & Astrophysics

Abstract We present mid-infrared images and long-slit 8–13µm spectra of the
compact HII regions IRAS 18434-0242 and IRAS 21190+5140. We detect a
new broad emission feature at∼8.9 µm in IRAS 18434. Previous studies have
shown that the 7.7µm PAH emission feature can shift to 8.22µm in some
sources. Possibly, this new discovered 8.9µm band is an extreme example of
such a shift and its carrier is closely related to the carriers of the UIR bands.
We find that in IRAS 18434, the dust continuum emission in the mid-infrared is
dominated by thermal emission of dust co-located with the ionised gas and that
the carrier of the 8.9µm feature also resides inside the HII region while the
PAH emission originates from the PDR. The 10µm spectrum of IRAS 21190
reveals the presence of three different “dust” components: PAHs, silicates, and
dust continuum-carriers. We calculated spectra composed of dust continuum
emission and silicate emission assuming an MRN size distribution and a size
dependent temperature law. We found a temperature gradient within the source
for both the dust and the silicates. Furthermore, the temperature of the dust and
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the silicates correlates well with each other. This correlation vanishes to the
north-east of the source. We find that in this source, the dust and silicates are
also co-located with the ionised gas in the arc, but to the north-east of the source,
they originate in the PDR. In the arc, they are heated predominantly by trapped
Lymanα photons while to the north-east they are not.

8.1 Introduction
The origin and evolution of dust in regions of massive star formation is one key question in
interstellar dust research. The distribution of dust in and around the ionised gas may well
contain important clues to address this question. In particular, it has long been speculated
that during the star formation process, dust infall is stopped by radiation pressure from the
luminous nacient protostar. Indeed, the wall of dust formed this way may stop or even reverse
the infall motion of the gas as well (Larson & Starrfield 1971; Kahn 1974; Yorke 1986;
Wolfire & Cassinelli 1987). This process has potentially important implications. It may
control the maximum mass of stars formed (Larson & Starrfield 1971; Kahn 1974; Yorke
1986; Wolfire & Cassinelli 1987). It may also lead to deviating abundance patterns in massive
stars (e.g. Mathis 1970). And, of course, it could lead to dust-free gas regions surrounding
massive stars (Larson & Starrfield 1971; Kahn 1974; Yorke 1986; Wolfire & Cassinelli 1987).
Furthermore, dust can also be destroyed in the ionised gas by physical or chemical sputtering
(Barlow & Silk 1977; Draine & Salpeter 1979a,b).

Infrared spectroscopy can provide direct information on the composition of interstellar
dust. The overall mid-infrared spectra of HII regions are dominated by strong emission
features at 3.3, 6.2, 7.7, 8.6 and 11.2µm which are generally attributed to emission by
Polycyclic Aromatic Hydrocarbon (PAH) molecules (Gillett et al. 1973; Geballe et al. 1985;
Cohen et al. 1986; Ĺeger & Puget 1984; Allamandola et al. 1985, 1989b; Puget & Léger
1989; Roelfsema et al. 1996; Peeters et al. 1999; Hony et al. 2001, Chapters 2, 3 and 4).
Spectroscopy of a large sample of sources whose spectra are dominated by the Unidentified
InfraRed (UIR) bands have now firmly established that the detailed characteristics of these
bands vary from source to source and even within sources (Bregman 1989; Bregman et al.
1989; Geballe et al. 1989; Joblin et al. 1996b; Roelfsema et al. 1996; Verstraete et al. 1996;
Maillard et al. 1999; Joblin et al. 2000; Hony et al. 2001; Verstraete et al. 2001, Chapters 2, 3
and 4). These variations are likely due to chemical modifications of the interstellar PAH
family reflecting local physical conditions. Potentially, studies of these variations may reveal
much about the chemical characteristics of the emitting PAH family.

In Orion, this PAH emission originates from the Orion Bar, the Photo-Dissociaton Region
(PDR) surrounding the ionised gas. The neutral atomic/molecular gas in the PDR is heated,
photo-ionised and photo-dissociated by FUV photons (hν < 13.6eV ). In some objects, the
silicates have been detected in emission from regions closer to the ionising star; notably the
Trapezium region in the Orion HII region (Stein & Gillett 1969; Ney et al. 1973; Forrest
et al. 1975). This dichotomy – PAH emission solely from the PDR and silicate emission
either absent or from the ionised gas – in the mid-infrared spectra in Orion is not well under-
stood. Partly, it may reflect that silicate grains in the PDR in Orion are too cold (∼ 75 K) to
emit in the mid-infrared. PAH molecules, on the other hand, are heated to high temperatures
(∼1000 K) through the absorption of a single FUV photon and have to dump their energy at
mid-infrared wavelengths. This interpretation of this dichotomy has two implications. First,
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there are few very small (�30 Å) silicates which could be transiently heated by a single pho-
ton to temperatures of some 300 K (i.e., emit in the 10µm feature). The precise limits on
the abundances of such small silicates are still somewhat controversial (Desert et al. 1986,
1990; Draine & Li 2001), but it is clear that, from an energetic point of view, such small
silicates have to be unimportant. Second, PAH molecules have to be rapidly (� 105year)
destroyed in the ionised gas in Orion. Such PAH molecules might be destroyed by the much
more energetic (upto 54 eV) photons available inside the HII region. PAHs could also be
destroyed through chemical reactions initiated by energetic photons (EK ∼ 1eV ). Spatially
resolved studies of the relative strength of the PAH features in the PDR already point towards
the importance of photo-chemical modifications of the PAHs, even at the lower photon ener-
gies and kinetic energies available in the FUV (Geballe et al. 1989; Joblin et al. 1996a). It
is clear that further observational studies on the spatial distribution of the various emission
components is very important to address these questions.

Here, we have selected two sources - IRAS 18434-0242 (G29.96-0.02, hereafter
IRAS 18434) and IRAS 21190+5140 (M1-78, hereafter IRAS 21190) – for a detailed spa-
tially resolved spectroscopic study of the IR characteristics of the PAHs and dust in the 10
µm ground-based window. The ISO-SWS spectrum of IRAS 18434 shows – beside the well-
known UIR bands – a strong emission band around 8.6µm. This emission feature is much
stronger and much broader then the 8.6µm PAH emission features observed in a variety of
astronomical sources (Chapter 3). Therefore, this band is a unique spectral characteristic of
this source and a further study is warranted to investigate its characteristics and, in particu-
lar, its relationship to the UIR bands. The source IRAS 21190 shows a “classic” UIR band
spectrum (Roelfsema et al. 1996; Peeters et al. 1999; Hony et al. 2001, Chapters 3 and 4)
superimposed on silicate emission and a rising dust continuum. Hence, this seems a good
object to study spatially the distribution of the PAH emission features in relation to the dust
continuum and the silicate emission feature.

In Sect. 8.2, we review the characteristics of both sources. Sect. 8.3 describes the obser-
vations and the data reduction. Subsequently, the data are presented and analysed in Sect. 8.4.
In Sect. 8.5, the nature of the newly detected emission feature in IRAS 18434 is highlighted;
the silicate emission feature and the dust continuum in IRAS 21190 is reproduced by a sim-
ple model and subsequently, the implications of the spatial distribution of the different dust
components in both sources are described. Finally, Sect. 8.6 summarises our main results.

8.2 Source characteristics

IRAS 18434-0242 is one of the best studied compact HII region and classified as cometary
(Wood & Churchwell 1989). This compact HII region appears as a sharp edge-brightened
arc-like structure with a low surface-brightness tail of emission trailing off opposite the bright
arc (Wood & Churchwell 1989, 1991; Afflerbach et al. 1994; Cesaroni et al. 1994; Fey et al.
1995; Kim & Koo 2001).

In order to explain the cometary morphology and velocity structure of this source, two
competing models has been proposed : the bow shock model (Wood & Churchwell 1989,
1991; Mac Low et al. 1991; van Buren & Mac Low 1992; Afflerbach et al. 1994) and the
champagne flow model (Fey et al. 1995; Lumsden & Hoare 1996; Pratap et al. 1999; Lumsden
& Hoare 1999). In the bow shock model, the cometary morphology is considered to be
formed by the bow shock of the wind of a massive star moving supersonically through the
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Figure 8.1 — The combined SWS-LWS spectra of IRAS 18434 and IRAS 21190 (Peeters et al.,
Chapter 2). The parts of the spectra corresponding to the poorly calibrated SWS Band 3E and 4, the
leak in band 3D and LWS SW1 detector are shown in gray tones (for details see Chapter 2).

surrounding molecular cloud (Hughes & Viner 1976; Weaver et al. 1977; van Buren et al.
1990). In the champagne model, this morphology is due to the expansion of the HII region
into a molecular medium with a steep density gradient (Yorke 1986).

Using near-infrared imaging, Fey et al. (1995), Lumsden & Hoare (1996), Watson et al.
(1997) and Pratap et al. (1999) found that IRAS 18434 is embedded in a young stellar cluster
and identified the bright star in the center of the nebula as the exciting star of IRAS 18434.
Watson & Hanson (1997) obtained the first K-band spectrum of the ionising star which in-
dicates a spectral type between O5 and O8 assuming it is a main sequence star. Recent
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Figure 8.2 — The ISO-SWS spectra of IRAS 18434 and IRAS 21190 in the mid-infrared wavelength
range accessible from earth (Peeters et al. 1999, Peeters et al., Chapter 2). The top panel shows the
spectrum of IRAS 18434. Note the strong, broad emission band around 8.6µm. The bottom panel
shows the high-resolution spectrum of IRAS 21190 except longwards of 12µm where the medium-
resolution spectrum of this source is shown. The adopted continuum is shown by the dashed lines in
both panels.

high resolution K-band spectroscopy of this ionising star narrows the spectral type to O6-O5
(Kaper et al. 2002a,b). An overview of the spectral type derived by different methods is given
by Mart́ın-Herńandez et al. (2003).

The IRAS 18434 HII region is embedded in a molecular cloud that has been extensively
studied at low spatial resolution (Churchwell et al. 1990, 1992). Subsequent high resolution
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data indicate the presence of a hot core (HC) located∼2′′ west of the arc (Cesaroni et al.
1994, 1998; Hatchell et al. 1998; Pratap et al. 1999; Maxia et al. 2001). This HC has been
recently observed at mid-infrared wavelengths (De Buizer et al. 2002). Detection of H2O,
H2CO and CH3OH masers (Pratap et al. 1994; Hofner & Churchwell 1996; Walsh et al.
1998; Minier et al. 2000; Minier & Booth 2002) which are strongly associated with recent
star formation towards the core and the∼2′′ separation between the hot core and the compact
H II region indicate that the hot core is not heated by the ionising star of IRAS 18434 but
rather harbours a massive proto-star which has not yet ionised a compact HII region. This is
supported by recent millimeter studies indicating the presence of an embedded outflow in the
hot core perpendicular to the direction of the HII region (A. Gibb, private communication).

Watson et al. (1997) derived a map of the apparent extinction based upon the 2 cm radio
continuum map (Fey et al. 1995) and their 2.17µm Brγ map. They found that the apparent
extinction at Brγ varies from 1.8 to 2.6 mag being higher in the arc and toward the end of the
extension in the southeast. They give a mean value AK = 2.14± 0.25 and AK = 2.2± 0.25
for the ionising star. Pratap et al. (1999) estimated AK = 2.2± 0.1 towards the ionising star
based on the stars H-K colour. Based on hydrogen recombination lines observed with ISO-
SWS, Mart́ın-Herńandez et al. (2002a) reported an average extinction of AK=1.6. Mart́ın-
Herńandez et al. (2002a) attribute their lower extinction to the fact that the contribution of the
extended envelope around the compact HII region (Kim & Koo 2001) to the SWS aperture
may cause ISO-SWS to observe a lower hydrogen column density than the ones observed by
the high∼ 1′′ resolution observations of Watson et al. (1997) and Pratap et al. (1999). In
addition, Pratap et al. (1999) concluded that the extinction up to an AK ∼ 1.3 is dominated
by foreground extinction which appears to arise primarily from the diffuse ISM.

Prior to ISO, IRAS 18434 was first observed at mid-infrared wavelengths by Soifer &
Pipher (1975). Subsequent observations were mainly focused on the fine-structure lines
(Herter et al. 1981; Lacy et al. 1982; Simpson et al. 1995; Afflerbach et al. 1997; Watarai
et al. 1998) in order to derive the elemental abundances and/or the spectral type of the ion-
ising star. The appearance of IRAS 18434 at mid-infrared wavelengths is very similar to the
radio maps (Ball et al. 1996) and low-resolution mid-infrared spectra revealed the presence
of a strong dust continuum, silicate in absorption and PAH emission (Soifer & Pipher 1975;
Faison et al. 1998; Jourdain de Muizon et al. 1990; Zavagno et al. 1992). The ISO spectrum
of this source is shown in Figs. 8.1 and 8.2. It is dominated by a strong continuum due to the
thermal emission of dust with peak at about∼ 40 µm implying a temperature of some 70 K.
The presence of silicate absorption indicates that IRAS 18434 is surrounded by cold dust. In
addition, it shows bright mid-infrared PAH emission features. Hence, IRAS 18434 exhibits
an infrared spectrum typical for compact HII regions (Chapter 2). The only peculiarity is the
broad emission band around∼ 8.6 µm which is clearly different from the “classical” 8.6
µm PAH emission feature (Chapter 3).

The Galactocentric distance to IRAS 18434 is 4.6 kpc. Arguments based on extinction
and the spectral type of the ionising star proposed by Pratap et al. (1999) favour the near
heliocentric distance. Hence, we adopt the near distance of 5.7 kpc (Chap. 2). At this
distance, 1′′ = 0.028 pc.

IRAS 21190+5140 has first been classified as a planetary nebula but is now generally clas-
sified as a compact HII region. To establish its object type, this source has been extensively
studied at radio and sub-millimeter wavelengths (Zuckermann et al. 1977; Scott & Harris
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1978; Purton et al. 1982; Isaacman 1984b; Puche et al. 1988; Zijlstra et al. 1990; Gussie &
Taylor 1995). This compact HII region appears as a shell expanding into a molecular cloud
situated to the south (Zijlstra et al. 1990).

Scott & Harris (1978) reported the presence of an optical nebula on the POSS-I1 R
band with a significant central concentration possibly indicative of an exciting star (posi-
tioned at 21h20m44.66s±0.05s, 51d53m25.7s±0.4s; J2000). Furthermore, at the position of
IRAS 21190, emission is also seen in the POSS-II1 B, R and I bands and in the 2MASS2 J,
H, and Ks bands. The fact that an optical nebula is observed towards IRAS 21190 is con-
sistent with the derived extinction, based on the hydrogen recombination lines, of AK = 0
(Mart́ın-Herńandez et al. 2002a).

Several near-infrared spectra of IRAS 21190 have been obtained showing emission of
atomic hydrogen and helium, [FeII ] and molecular hydrogen (Isaacman 1984a; Hora et al.
1999; Lumsden et al. 2001a,b). The source has been imaged in the K-band (Latter et al.
1995), showing a similar morphology as the radio data. The only mid-infrared spectra of this
source prior to the ISO observations, were taken by Cohen & Barlow (1974) and by IRAS-
LRS (Jourdain de Muizon et al. 1990; Zavagno et al. 1992) and exhibit a steep rise longwards
of 3.6 µm. The ISO spectrum of this source is unique (Figs. 8.1 and 8.2). Unlike most other
sources, it shows clear silicate emission bands at about 10 and 20µm. From the profile of
the bands an emission temperature of some 140 K is implied. In addition, it shows bright
mid-infrared PAH emission features typical for HII regions (Chapters 3 and 4) and does not
suffer from extinction.

The spectral type of the ionising star can be determined in various indirect ways. First, the
total bolometric luminosity obtained from the IRAS PSC fluxes islog L/L� = 5.3 (Chapter
2). The flux seen by ISO in the four IRAS bands at 12, 25, 60 and 100µm agrees well to
within the uncertainty with the IRAS PSC fluxes (cf. Chapter 2) indicating that there are no
contributions from other sources to the derived luminosity. Using the calibration of Vacca
et al. (1996) for a main sequence star, this luminosity corresponds to a star with an effective
temperature Teff of 40 kK. This effective temperature, using the new calibration of Martins
et al. (2002) based on non-LTE line blanketed atmosphere models including stellar winds,
corresponds to a spectral type of O6. Second, the number of Lyman continuum photons de-
rived from radio observations islog(NLyc) = 48.6 s−1 (Mart́ın-Herńandez et al. 2002a).
This value must be taken as a lower limit of the true stellar ionising flux since a significant
fraction of the UV radiation might be absorbed by dust located within the ionised gas. Based
on the Vacca et al. (1996) calibration, this corresponds to a star with an effective temperature
Teff of ≥ 36 kK and hence to a spectral type earlier than O7.5 (Martins et al. 2002). Third,
based on the dependence of the fine-structure line ratios [SIV ]/[S III ] 10.5/18.7 µm and
[Ne III ]/[Ne II ] 15.5/12.8µm on the stellar effective temperature Teff as given by photoion-
isation models, an indication of the spectral type can be obtained. Martı́n-Herńandez et al.

1The Digitized Sky Survey was produced at the Space Telescope Science Institute under U.S. Government grant
NAG W-2166. The images of these surveys are based on photographic data obtained using the Oschin Schmidt
Telescope on Palomar Mountain and the UK Schmidt Telescope. The National Geographic Society - Palomar Ob-
servatory Sky Atlas (POSS-I) was made by the Caltec with grants from the National Geographic Society. The
Second Palomar Observatory Sky Survey (POSS-II) was made by the Caltec with funds from the National Science
Foundation, the NASA, the National Geographic Society, the Sloan Foundation, the Samuel Oschin Foundation, and
the Eastman Kodak Corporation.

2The Two Micron All Sky Survey (2MASS) is a joint project of the University of Massachusetts and
IPAC/CALTECH, funded by NASA and the National Science Foundation.
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(2002c) present predictions for the [SIV ]/[S III ] 10.5/18.7µm and [NeIII ]/[Ne II ] 15.5/12.8
µm line ratios as a function ofTeff using the photoionisation code CLOUDY in combina-
tion with the WM-basic stellar atmosphere models by Pauldrach et al. (2001) (for a number
of hydrogen ionising photons of QH = 1048 photons s−1 and nH = 103 cm−3). The observed
SWS line ratios of [SIV ]/[S III ] 10.5/18.7µm and [NeIII ]/[Ne II ] 15.5/12.8µm (Chapter 2)
fall in the range of 35–40 kK (Fig. 2 of Martı́n-Herńandez et al. 2002c). Based on the Mar-
tins et al. (2002) calibration, this corresponds to a main sequence star with spectral type of
O6–O8. Summarising, these three indirect methods to derive the spectral type of the ionising
star agree very well and point towards a star with spectral type of O6–O8.

The assumed distance is 8.9 kpc (Chapter 2). At this distance, 1′′ = 0.043 pc.

8.3 Observations and Data Reduction

We observed IRAS 21190+5140 and IRAS 18434-0242 on the night September 10-11, 2000
and the night July 5-6, 2001 respectively using the SpectroCam-10 (SC10) mid-IR imaging
spectrograph (Hayward et al. 1993) on the 5m Hale telescope at Palomar Observatory. SC10
uses a 128×128 Si:As BIBIB (Back Illuminated Blocked Impurity Band) array and can
function as both a camera and a long-slit spectrograph. Its pixels subtend 0.′′256 on the
sky. All observations were made using a standard chop and nod sequence in beam-switching
mode in order to correct for background emission from the telescope and the sky. The
chopper throw is 30′′ in the N-S direction for all observations. Images were made through
the filters (∼1 µm bandpass) centered at 10.3 and 11.7µm of IRAS 21190 and through the
filters centered at 8.8, 10.3 and 11.7µm of IRAS 18434. In addition, low-resolution spectra
are taken through 1′′×16.′′4 and/or 2′′×16.′′4 slits which provided a spectral resolution of
R=λ/∆λ ∼ 100 and 60 respectively. The spectra were taken in three overlapping segments
: 8.0–10.5, 9.2–12.2 and 10.4–13.4µm. These observations are diffraction limited since
we use the MINC tip-tilt system. During the second night the seeing was worse leading to
a FWHM of 0.7–1.2” for a standard star. The log of the observations of both sources can
be found in Table 8.1. The absolute positions of the mid-infrared sources are unknown. No
attempt was made to achieve accurate astrometry at the telescope due to time constraints.

The images and spectra are processed using a library of custom routines written for the
IDL environment by Hayward. The data processing includes removing bad pixels and/or
frames, co-adding individual frames of an integration, dividing by flat-field images and com-
bining the three spectral segments into a single two-dimensional (1 spectral and 1 spatial
dimension) 8-13.2µm spectral image of the sources along the different slits.

The images are flux-calibrated againstγ Aql for IRAS 18434 andγ Aql andβ Peg for
IRAS 21190 observed at similar air-mass. The mutual registration of the images was based
on the assumption that the overall morphology is the same at every wavelength. In this way,
the peak intensities observed in each filter coincide for IRAS 21190 while for IRAS 18434,
the position of the peak intensities at the three wavelengths are offset by 0.′′256.

The spectra are wavelength calibrated using the 9.49 and 11.73µm telluric absorption
features as reference points. Some observations (slit 4 for IRAS 18434 and slits 4 and 6 for
IRAS 21190) have no or low flux and hence show no or low S/N telluric absorption features.
In this case, the wavelength calibration is done using the fine-structure emission lines of [SIV ]
at 10.5 (if present) and of [NeII ] at 12.8 µm and the PAH emission feature at 11.2µm.
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Table 8.1 — Journal of observations.

Spectroscopy Imaging
Source Slita width tint

b Filter tint
b

(s) (s)

IRAS 21190 1 1′′ 3802 10.3 163
2 2′′ 950 11.7 366
3 2′′ 950
4 2′′ 1267
5 2′′ 950
6 2′′ 950

IRAS 18434 1 1′′ 2546 8.8 79
2 1′′ 3819 10.3 118
3 1′′ 3819 11.7 432
4 1′′ 3819

a : Slit positions indicated in Fig. 8.8.
b : Total integration time. The on-source integration
time is∼40% of tint due to chopping and nodding.

The spectra of IRAS 18434 are flux-calibrated againstγ Aql observed through the same
slit and at similar air-mass as the target in combination with the absoluteαLyr model from
Cohen et al. (1992). The spectra of IRAS 21190 are flux-calibrated againstβ Peg observed
through the same slit and at similar air-mass as the target in combination with archival SC10
ratio spectra of this star versusαLyr and the absoluteαLyr model from Cohen et al. (1992).

While observing the standard star through the 2′′ slit, we de-focused in order to obtain
a similar spectral resolution as that of the observations of the extended source IRAS 21190
in this slit. In this way, the telluric absorption features in the source’s spectra are properly
removed. As a consequence, part of the total flux of the standard star falls outside the slit and
hence the absolute flux calibration is not accurate. By comparing observations of the standard
star in the 2′′ slit, both focused and de-focused, an estimate of the loss is obtained and this is
used for optimising the absolute flux calibration. Analogously, an estimate of the flux loss in
the 1′′ slit is obtained and is used for optimising the absolute flux calibration of the spectra
of IRAS 21190 observed through the 1′′ slit. For IRAS 18434, no correction is applied to the
absolute flux calibration for this effect since all observations are done with a 1′′ slit. Hence
the same factor applies for all spectra and cancels out when taking relative fluxes. No cross
calibration is done for the different slits.
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Figure 8.3 — Shown are the 8.8, 10.3 and 11.7µm image of IRAS 18434 (∼1 µm bandpass). The
gray scale is the same for all plots and indicated by the colorbar. The contour levels are 0.1, 0.2, 0.4,
0.6 and 0.8 times the peak intensity for each image. This corresponds to 6, 12, 24, 37 and 49 times the
image rmsσ = 77 mJy arscec−2 for the 8.8µm image; to 7, 14, 28, 42 and 56 times the image rmsσ =
85 mJy arscec−2 for the 10.3µm image and to 11, 22, 44, 66 and 88 times the image rmsσ = 136 mJy
arscec−2 for the 11.7µm image. The position of the ionising star is shown by+, the NH3 emission
(Cesaroni et al. 1998) by the• and the the methanol maser (Minier et al. 2000) by a filled�.

8.4 The Data
8.4.1 Infrared images

IRAS 18434

The three broad band images centered at 8.8, 10.3 and 11.7µm are shown in Fig. 8.3. The
three images are registered to the same coordinate system so that a given location represents
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Figure 8.4 — Shown is the ratio of the 11.7µm to the 10.3µm images of IRAS 18434 by the
gray-scale image and the black contours for those regions where both the 10.3 and 11.7µm emission
exceeds 2σ. The contour levels are 0.38, 0.45 and 0.6 times the maximum value of the ratio. The white
contours are those of the 11.7µm image in 8.3.

the same physical point in the source in all three maps. In each image, the contours present
the surface brightness at the same level relative to the peak surface brightness while the gray
scale in the three images is over the same range of absolute intensities.

Like at other wavelengths (e.g. Wood & Churchwell 1989; Watson et al. 1997; De Buizer
et al. 2002; Mart́ın-Herńandez et al. 2003), this source has a cometary appearance in the mid-
infrared (Ball et al. 1996, see Fig. 8.3). Comparing the images at different mid-infrared wave-
lengths with each other, we note the similarity in the cometary morphology. The filamentary-
like structures observed at 2 cm Fey et al. (1995) and in the Brγ map (Watson et al. 1997) are
not seen in our images. De Buizer et al. (2002) observed the hot core in their high resolution
images of this source in the N-band filter (λ0=10.46µm, ∆λ=5.1 µm) with a flux density of
113±17mJy. We see no evidence for this HC in our images, probably due to the lower spatial
resolution and lower sensitivity of our data. Furthermore, our filters are much narrower than
the N band filter of De Buizer et al. (2002).

A comparison of the different maps also illustrate well the increase in flux towards longer
wavelengths. This increase towards longer wavelengths is due to the combination of a rising
dust continuum with increasing wavelength and the presence of the silicate absorption feature
partially included in both the 8.8 and 10.3µm filters (see Fig. 8.2). The ratio of the 11.7µm
to the 10.3µm images is shown in Fig. 8.4. Since the variation of the extinction over the
source is relatively small (Watson et al. 1997), this ratio corresponds to the colorindex. The
ratio changes very little over the source i.e. the ratio over most of the source is in the range
of 0.38–0.45 of the peak ratio. The extreme values are only seen at the edges and are likely
not significant. This is consistent with the results of (Ball et al. 1996). These authors found
that the dust temperature is nearly uniform based upon their 8.5 and 12.0µm images.

Because of the unknown absolute position of the mid-infrared source, comparison with
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Figure 8.5 — Comparison of the 11.7µm map of IRAS 18434 with the 6 cm radio map of Wood
& Churchwell (1989) (right panel) and the H2 map of Mart́ın-Herńandez et al. (2003) (left panel).
Registration of the mid-infrared map is by alignment of the arcs at near-infrared and mid-infrared. The
thick black contours represent the 11.7µm map and the thin black contours show the 6 cm radio map
and the H2 map in respectively the right and left panel.

maps at other wavelengths is not straightforward. However, given the similarity of the mor-
phology of the arc at near -and mid-infrared and radio wavelengths, we would expect both
arcs to closely coincide. Comparison of the H2 map of Mart́ın-Herńandez et al. (2003) with
the 6 cm observations of Wood & Churchwell (1989) - both with known absolute positions -
reveals that the overall morphology of the source is very similar, though the peak intensity in
both maps is slightly displaced and the arcs are slightly tilted. Registration of the mid-infrared
data to the H2 map of Mart́ın-Herńandez et al. (2003) by alignment of the peak intensities
reveals a very good match (see Fig. 8.5, right panel). The arc and the peak intensity coincide
at both wavelengths. In the H2 map, the ionising star is present. The right panel of Fig. 8.5
compares the radio data and the mid-infrared data (registered to the H2 map). The offset in
peak intensities at IR and radio wavelengths may result from variation in density which tend
to enhance radio emission more. We note that the radio peak is located at the position where
the bow shock interacts with the hot core and the density is likely highest.

IRAS 21190

The two broad band images centered at 10.3 and 11.7µm are shown in Fig. 8.6. The two
images are registered to the same coordinate system so that a given location represents the
same physical point in the source in both maps. In each image, the contours present the
surface brightness at the same level relative to the peak surface brightness while the gray
scale in both images is over the same range of absolute intensities.

Both maps show an overall oval structure encompassing a prominent arc of which the
tail at both sides converge towards a blob of emission at the northeast. The arc seems to be
slightly thicker in the 10.3µm image compared to the 11.7µm image. At a distance of 8.9
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Figure 8.6 — Shown are the 10.3µm image (top panel) and 11.7µm image (bottom panel) of
IRAS 21190 (both with∼1 µm bandpass). The gray scale is the same for the two plots and indicated
by the colorbar. The contour levels are 0.03, 0.06, 0.1, 0.2, 0.4 and 0.7 times the peak intensity for each
image. This corresponds to respectively 7, 14, 24, 48, 95 and 167 times the image rmsσ = 19 mJy
arscec−2 for the 10.3µm image and to respectively 15, 30, 50, 99, 198 and 346 times the image rms
σ = 9 mJy arscec−2 for the 11.7µm image.

kpc, the size of 9′′× 8 ′′ corresponds to 0.39 pc× 0.34 pc. A comparison of the different
maps also illustrates well the slight increase in flux towards longer wavelengths. This in-
crease towards longer wavelengths is due to PAH emission and/or the rising dust continuum
dominating the decrease of the silicate emission (see Fig. 8.2). For this source, no direct phys-
ical interpretation can be attached to the ratio of the 11.7µm to the 10.3µm images since
different emission components (silicate and PAH emission and dust continuum) are present.

Because of the unknown absolute position of the SC10 images, comparison with maps at
other wavelengths is not straightforward. For comparison with the K-band image of Latter
et al. (1995) – with a spatial resolution of 0.12′′ / pixel – we therefore align the peaks of
the arc of the K-band and mid-infrared (11.7µm) emission in order to stress any spatial
difference. Likely, the most natural way to overlay these images is to align the center of
the oval structure. The overlay of the both infrared maps is shown in Fig. 8.7. Clearly, the
separation between the blob in the northeast and the peak emission in the arc is different,
being largest at the mid-infrared. The separation between the two peaks is 4.9′′ in the K-band
and 5.4′′ in the mid-infrared. Despite this difference in scale size, the general morphology is
very similar. As in the mid-infrared, the K-band image shows a prominent arc of which the
tail converge towards the blob of emission at the northeast. The 4.9 and 1.42 GHz radio maps
(Zijlstra et al. 1990; Puche et al. 1988) also show similar structure as the infrared data.
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Figure 8.7 — Comparison of the 11.7µm map of IRAS 21190 with the K-band image of Latter et al.
(1995). Registration of the mid-infrared map is by alignment of the peak intensities at mid-infrared and
near-infrared for the emission in the arc in order to stress the spatial variation. The thick black contours
represent the 11.7µm map and the thin black contours show the K-band image. Contour levels of the
11.7 µm map are as in Fig. 8.6. It is clear that the source’s spatial distribution differs between both
wavelengths.

The POSS-II B image clearly shows two emission peaks of which one is centered on the
arc and the second emission peak is centered to the west of the arc - at the same location as
the point-source in the K-band (see Fig. 8.7). The POSS-II R and I bands show a similar
spatial structure that encompasses the two peaks seen in the POSS-II B band and 2MASS
observed one main peak with a extension towards the West.

8.4.2 The Spectra

The position of the different slits typically to±0.5′′ accuracy are shown on top of the 11.7µm
image of IRAS 18434 and IRAS 21190 in Fig. 8.8. The 6 slits of IRAS 21190 completely
cover the emission of the source at mid-infrared wavelengths but for IRAS 18434 complete
coverage was not achieved. For further study, we have divided each slit into 7 zones for
IRAS 18434 and 5 zones for IRAS 21190. We extracted spectra from each of these zones
from the calibrated 2-D spectral image, which represent the flux densities within a zone.

IRAS 18434

Fig. 8.9 presents a few typical spectra of IRAS 18434 illustrating the spectral variety. These
mid-infrared spectra clearly show a broad emission band at∼8.6 µm, silicate absorption at
9.7 µm and fine-structure line emission of [NeII ] at 12.8 µm on top of a dust continuum
(see also Sect. 8.2). Fine-structure line emission of [ArIII ] at 8.98µm as well as the 11.2µm
PAH emission band are weakly present in some spectra. In contrast, there is no evidence for
the “classical” 8.6µm PAH band and no significant emission is seen from the fine-structure
line of [SIV ] at 10.5 µm in all but three individual spectra.
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Figure 8.8 — The positions of the spectrograph slit and the zones used to extract the spectra for
IRAS 18434 (left) and IRAS 21190 (right) on top of its 11.7µm image. Contour levels are as in Figs.
8.3 and 8.6.(Left) The slit number is shown at the right axis and the zone numbering is shown in the
plot window at the bottom.(Right) The slit number is shown above the top axis and the zone numbering
is shown at the right in the plot window. Slit 2 is represented by full lines, slit 1 is at similar position
but has a width of 1′′, slits 3, 4 and 6 are represented by stripes and slit 5 by dot-stripes.

Figure 8.9 — Typical spectra of IRAS 18434 normalised to an area of1′′ × 1′′ and corresponding to
slit 2, zone 3 (top spectrum), slit 3, zone 4 (middle spectrum) and to slit 4, zone 7 (bottom spectrum).
The present emission features are the [ArIII ] fine-structure line at 8.98µm, the silicate absorption
feature at 9.7µm, the PAH feature at 11.2µm and the [NeII ] fine-structure line at 12.8µm. Remark
also the broad emission feature from 8 to 9.5µm which is also seen in the ISO data (Fig. 8.2).
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Table 8.2 — The average apparent extinction in each zone (see text for details).

Slit AK

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7

1 2.1 2.1 2.2 2.3 2.4 2.0 1.6∗

2 2.1 2.1 2.2 2.4 2.5 2.1 1.6∗

3 2.2 2.1 2.3 2.3 2.1 1.8 1.6∗

4 2.1 2.0 2.0 1.6∗ 1.6∗ 1.6∗ 1.6∗

∗: Mart́ın-Herńandez et al. (2002a), others derived from Fig. 4 of Watson et al. (1997).

Since the profile of the emission band at 8.6µm may be strongly influenced by silicate
absorption, we correct the spectra for extinction. The extinction at mid-IR wavelengths is
derived by using the results tabulated in Mathis (1990); namely,A9.7/AK = 0.544 for the 9.7
µm silicate feature in combination with the astronomical silicate profile of Draine (1985).
The extinction due to the silicate absorption at 9.7µm depends on the line-of-sight (Draine
1989) and both the shape and strength of this feature seem to vary. The silicate profile of
Draine (1985) has been based on the observed Trapezium silicate profile which is generally
associated with HII regions and molecular clouds. The local extinction in IRAS 18434 is
due to the molecular cloud surrounding the HII region; however, part of the apparent extinc-
tion towards IRAS 18434 is associated with foreground extinction through the diffuse ISM
(Pratap et al. 1999) for which the silicate profile is generally represented by the profiles of
µ Cephëı. In Table 8.2, we quote for each zone from which we extracted spectra, the av-
erage apparent extinction derived from the extinction map of Watson et al. (1997) derived
by comparing the 2 cm radio continuum map of Fey et al. (1995) and their 2.17µm Brγ
map. For regions not covered by this map, we adopted the average extinction determined
by Mart́ın-Herńandez et al. (2002a) from the HI recombination lines in the (large) ISO-SWS
aperture. Subsequently, we applied the “standard” extinction law to the derived spectra of
each zone in each slit. Similar, we corrected the ISO-SWS data for extinction with an AK of
1.6. Fig. 8.10 and 8.11 show respectively the observed and subsequently extinction corrected
ISO-SWS spectrum and SC10 spectrum of zone 4 in slit 2 corresponding to an AK of 2.4
mag. We emphasise that there is no spurious 9.7µm emission/absorption feature present in
the resulting spectrum due to an over/under correction for extinction. Furthermore, the broad
emission feature at 8.6µm still remains and is thus not an arte-fact due to the combination
of dust continuum, silicate absorption and our limited spectral coverage.

Figs. 8.12 and 8.13 show the spatial variation across each slit of the different emission
features and of the strength of the dust continuum. The spectra are corrected for extinction
as described above. The spectra observed in slit 4 have no or low flux below 10µm and
hence we consider only the long wavelength part (> 10 µm) of these spectra. The line
fluxes are measured by subtracting a polynomial of order 2 fixed just outside the wavelength
range covered by the emission line followed by fitting a Gaussian. A line is defined as being



8.4. The Data 179

Figure 8.10 — The oberved and extinction corrected ISO-SWS spectra of IRAS 18434. Note the
strong, broad emission band around 8.6µm. The adopted continua is shown by the dashed lines.

Figure 8.11 — Typical spectrum of IRAS 18434 normalised to an area of1′′×1′′ and corresponding
to slit 2, zone 4 (bottom spectrum). Silicate absorption is present at 9.7µm. The top spectrum is this
spectrum corrected for silicate absorption by applying the ”standard” extinction law described in the
text.

detected when its peak intensity is at least three times the rms noise of the local continuum
and when the line has a FWHM similar to the spectral resolution element. Due to the low
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Figure 8.12 — The spatial distribution of the emission features across each slit of IRAS 18434. The
fluxes are corrected for extinction. The fine-structure lines of [ArIII ] 8.98 µm, [S IV ] 10.51 µm and
[Ne II ] 12.81 µm are shown by open�, × and filled� symbols respectively and each of them are
connected by a dotted line. The strength of the dust continuum at 12µm given in units of 10−16

Wm−2 µm−1sr−1 is shown by filled� symbols and connected by a− · · · line. Furthermore, the [NeII ]
fluxes are divided by 10 and the strength of the dust continuum by 70. Note that for slit 4, only the long
wavelength region (> 10 µm) of the spectra are useful.

spectral resolution and the often low intensity of the [ArIII ] emission line, the derivation of
its flux is hampered by the presence of the 8.6µm emission feature.

For the slits 1, 2 and 3 - positioned on the source - the [NeII ] and [Ar III ] fine-structure
lines clearly peak on the arc and decrease gradually with the distance from the arc, showing
a similar spatial distribution. Except possibly for zone 1 in slit 1, the [ArIII ]/[Ne II ] ratio
is very constant and equals 0.05±0.01. This is in contrast to the observed ISO-SWS ratio,
i.e. after correction of the ISO-SWS spectrum for extinction with an AK of 1.6 (Mart́ın-
Herńandez et al. 2002a), a [ArIII ]/[Ne II ] ratio of 0.16±0.02 is found (see Chap. 2). We
do not think that this difference can be attributed to extinction. First, the extinction has been
determined independently by Watson et al. (1997), Pratap et al. (1999) and Martı́n-Herńandez
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Figure 8.13 — The spatial distribution of the emission features across each slit of IRAS 18434. The
fluxes are corrected for extinction. The 8.6µm emission feature is shown by filled� symbols and
connected by a dashed line, the 11.2µm PAH emission feature by� symbols and connected by a
dotted line. The strength of the dust continuum at 12µm given in units of 10−16 Wm−2 µm−1sr−1

is shown by filled� symbols and connected by a− · · · line. Furthermore, the flux of the 8.6µm
emission feature by 20 and the strength of the dust continuum by 70. Note that for slit 4, only the long
wavelength region (> 10 µm) of the spectra are useful.

et al. (2002a) and is in good agreement. Second, the extinction correction factor is small.
Possibly, this difference is due to extended low surface brightness [ArIII ] emission which
is included in the large SWS aperture but is below the detection limit of the SC10 study.
[S IV ] emission is detected for only 3 positions and its relation to the other lines is difficult
to ascertain. However, its distribution in slit 1, with a strong detection in zone 6 and relative
low upper limits in the other zones, seems to suggest otherwise. While the dust emission and
the ionised gas tracers show great similarities in their overall structure, the dust emission is
more sharply peaked in the arc then the [NeII ] line (Fig 8.12 and 8.14) . The 11.2µm PAH
emission feature is detected in 50% of the obtained spectra. In slit 4, all zones exhibit 11.2
µm emission while for slits 2 and 3, emission is only detected in the most eastern/western
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Figure 8.14 — Spatial variation of the [NeII ] 12.8 µm fine-structure line and the strength of the 12
µm continuum across slit 2 projected on the symmetry axis of the object (63.8 degrees with respect
to the north-south axis). The normalised [NeII ] and 12 µm continuum intensity are compared to the
Brγ and H2 1-0 S(1) of Mart́ın-Herńandez et al. (2003). The origin corresponds to the position of the
ionising star. Note that both the [NeII ] and the dust emission peak at the same location as the Brγ
emission and that the dust emission is confined by the [NeII ] emission. Note that the [NeII ] 12.8 µm
fine-structure line and the strength of the 12µm continuum arenot corrected for extinction.

zones. Slit 1 behaves particular showing 11.2µm emission in zones 3 and 6. Hence, the
latter is the only detection of PAH emission located at the arc. The emission in slit 1 also
suggests that the 11.2µm PAH emission distribution differs considerably from that of the
strength of the dust continuum at 12µm as well as the fine-structure lines. Finally, the 8.6
µm emission feature is present in all but the outer zones in the three slits located on the
source and has a spatial distribution different from that of the strength of the dust continuum,
the [NeII ] fine-structure line and the 11.2µm PAH emission.

Mart́ın-Herńandez et al. (2003) obtained high resolution, long-slit K-band spectra of this
source and studied the spatial variation of the strongest H I, He I and H2 lines across the
symmetry axis (in the H2 image) of the source (116.2 degrees with respect to the north-
south axis). They found that the He I and Brγ distributions trace each other very well but
that the H2 distribution is distinct (see Fig. 3 of Martı́n-Herńandez et al. (2003) and Fig.
8.14). It peaks 0.93′′ ahead of the Brγ maximum and exhibits a different structure in the
tail of IRAS 18434. Due to the strong emission of the [NeII ] 12.8 µm fine-structure line
and the 12µm dust continuum, we are able to measure their strength for each spatial pixel
(0.256′′) in slit 2 (located on the center of the source with the ionising star on the edge of
the slit) and subsequently projected our spatial position on the symmetry axis of the source
to obtain the projected distance from the ionising star. Fig. 8.14 shows the obtained spatial
variations. Clearly, both the [NeII ] and the dust emission peak at the same location as the
Brγ emission. In addition, the dust emission is completely confined by the [NeII ] emission
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Figure 8.15 — Typical spectra of IRAS 21190 normalised to an area of1′′ × 1′′ and corresponding
to slit 2, zone 2 (top spectrum) and to slit 3, zone 3 (bottom spectrum). Emission features are the PAH
feature at 8.6 and 11.2µm, the [Ar III ] fine-structure line at 8.99µm, the [SIV ] fine-structure line at
10.5 µm and the [NeII ] fine-structure line at 12.8µm. In addition, silicate in emission is present in
the top spectrum.

and is, relative to the arc intensity, weaker in the tail then the [NeII ] emission. Furthermore,
the [NeII ] emission shows a second emission peak at similar location (∼ 2.3′′) as does the
Brγ emission though a similar third bump in the [NeII ] emission (∼ 5.3′′ is not present in the
Brγ emission. This second bump seems to be also present in the dust emission, though much
weaker. The secondary peak in the H2 emission at 3.8′′ is not present in either the [NeII ] line
and the dust continuum.

Summarising, the fine-structure line emission of [ArIII ] at 8.98 µm and [NeII ] at 12.81
µm show similar spatial distribution while that the different tracers of the “dust” – the con-
tinuum, the 11.2µm emission feature and the 8.6µm emission feature – all show different
spatial distributions in IRAS 18434.

IRAS 21190

Fig. 8.15 shows some typical spectra of IRAS 21190. These mid-infrared spectra show
clearly continuum emission of dust, fine-structure line emission of [ArIII ] at 8.98 µm, of
[S IV ] at 10.5 µm and of [NeII ] at 12.8 µm and PAH emission at 11.2µm and weakly at
8.6 µm. Furthermore, silicate in emission is present in several spectra.

The spectra observed in slit 4 and 6 have no flux shortwards of 10µm and hence we
consider only the long wavelength part (> 10 µm) of these spectra. In addition, in each zone,
the spectra observed in these two slits are identical to within the error in shape and absolute
flux. Therefore, we averaged both slits to produce higher signal-to-noise spectra. The spectra
observed in slit 3 and slit 5 are very similar in zones 3, 4 and 5 but differ significantly in zones
1 and 2. Therefore, we treat these two slits separately.
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Figure 8.16 — The spatial distribution of the emission features across each slit of IRAS 21190. The
fine-structure lines of [ArIII ] 8.98 µm, [S IV ] 10.51µm and [NeII ] 12.81 µm are shown by open
�, × and filled� symbols respectively and each of them are connected by a dotted line. The [NeII ]
fluxes are divided by 2. The flux at 12µm given in units of 10−15 Wm−2 µm−1sr−1 is shown by
filled � symbols and connected by a− · · · line. Note that both the silicate emission feature and the dust
continuum contribute to the flux at 12µm.
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Figure 8.17 — The spatial distribution of the emission features across each slit of IRAS 21190. The
8.6 and 11.2µm PAH emission features are shown by� and� symbols respectively and connected
by a dotted line. The flux at 12µm given in units of 10−15 Wm−2 µm−1sr−1 is shown by filled
� symbols and connected by a− · · · line. Note that both the silicate emission feature and the dust
continuum contribute to the flux at 12µm. The strength of the silicate emission is represented by the
scaling factorK (see Sect. 8.5.2) and shown by filled� symbols and connected by a dashed line.
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Figure 8.18 — Spatial variation of the [NeII ] 12.8 µm fine-structure line and the flux at 12µm
along slit 1 and slit 2. Note that both the silicate emission feature and the dust continuum contribute
to the flux at 12µm. The peak at pixel 19 corresponds to the arc structure in the various images
(Fig. 8.6). The secondary [NeII ] peak at pixel 37 corresponds to the blob of emission in the K-band
image (Fig. 8.7).

Figs. 8.16 and 8.17 shows the spatial distribution of the three fine-structure lines and the
PAH emission features. The line fluxes were measured in the same way as for IRAS 18434.
For comparison purposes, the [NeII ] fluxes are divided by 2 and the strength of the dust
continuum is multiplied by 10. Due to atmospheric absorption, the low S/N and the low flux
level shortwards of 9µm, it is sometimes hard to tell whether the apparent emission around
8.6 µm is real PAH emission or whether it is an arte-fact. A flux for the 8.6µm PAH feature
is only plotted in Fig. 8.17 when there is a clear excess emission on top of the continuum at
this wavelength.

The detailed distribution of the different ions differs somewhat. In slits 1 and 2 positioned
on the center of the source, the three fine-structure lines peak in the arc (i.e. zone 2) and
decreases gradually with the distance from the arc. In [NeII ], the emission associated with
the arc shows a broader peak in slit 3 and 5 then in slits 1 and 2. In contrast, the peak in the
[Ar III ] line is as narrow in slit 3 as in slits 1 and 2. In addition, the relative intensity of the
[Ne II ] 12.81 µm over the [ArIII ] 8.98 µm fine-structure lines varies throughout the source.
Note that these variations are over the defined zones. A finer spatial resolution gives a more
detailed view on the variations (see Fig. 8.18). The 11.2µm PAH emission has a different
distribution compared to that of the three fine-structure lines. In slits 1 and 2, the 11.2µm
emission also peaks in the arc – as the fine-structure lines – but shows extra emission in the
blob (i.e. zone 4). Similar, in slits 3 and 5, the 11.2µm emission associated with the arc
shows a broader peak – as the [NeII ] emission – but also shows extra emission in zone 4, i.e.
the regions next to the blob. Finally, in slit 4/6, the 11.2µm PAH intensity is slightly stronger
then the [NeII ] fine-structure line emission and shows a similar distribution. Assuming that
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the excess emission around 8.6µm is due to PAH emission, the 8.6 and 11.2µm PAH
intensity have a different spatial distribution. The silicate emission peaks in the arc and - as
for the 11.2µm PAH feature - has extra emission in the blob (i.e. zone 4). Therefore, it has
qualitatively a similar spatial distribution as the 11.2µm PAH emission, albeit with much
larger variations. Fig. 8.18 shows the variation of the [NeII ] emission line and the observed
flux at 12 µm, composed of both silicate emission and dust continuum emission. As for
IRAS 18434, in the arc, the dust emission is located inside the [NeII] emission. Remark
however that the second peak (i.e. the blob) is clearly located at different spatial position for
the dust and the ionised gas. Furhtermore, the blob is narrower and hence the region between
the arc and the blob is more extended in the dust emission (Fig. 8.6).

Comparing slit 1 and 2, both centered on the source but with a different width, reveals
that the intensity ratio of the [ArIII ]/[Ne II ] fine-structure lines is enhanced by a factor of∼2
in the 2′′ slit mainly due to the weakness of the [ArIII ] emission in slit 1. Probably, the 1′′ slit
is slightly off the peak emission of the [ArIII ] emission line. In addition, the 11.2µm PAH
emission increase more in the arc with respect to the other zones in the 2′′ slit then in the 1′′

slit. Similar to [Ar III ], the 1′′ slit seems slightly off the peak of the 11.2µm PAH emission.
Summarising, the fine-structure lines show somewhat different spatial distributions, all

indicating that the HII region is located at the arc and that the blob in the north-east is on
the outskirts of the HII region, consistent with early radio observations (Scott & Harris 1978;
Puche et al. 1988; Zijlstra et al. 1990). The 11.2µm PAH feature and the strength of the
silicate emission feature show similar distributions but distinct from that of the fine-structure
lines. In particular, the PAHs and the dust show extra emission at the blob in the north-east
suggesting the presence of a large column of dust. In addition, the data also seems to indicate
that the 11.2 and 8.6µm PAH features have different spatial distribution.

8.5 Discussion

8.5.1 IRAS 18434

The 8.9µm feature

In order to derive the profile of this new emission feature at 8.6µm, we subtracted a local
spline continuum from the extinction corrected ISO-SWS spectrum. Continuum points are
taken at wavelengths shortwards of 7.3µm and longwards of 10µm (see Fig 8.2 a). Fig.
8.19 a shows the derived normalised profile. For comparison, the emission profile of this 8.6
µm feature is also derived from the spectrum before extinction correction in the same way.
Clearly, while extinction has a large influence on the derived profile and the relative strength
of this 8.6µm emission feature and the 7.7µm PAH complex, the reality of this new feature
is not in doubt. Due to the low spectral resolution of the ground-based SC10 data, it is not
possible to determine whether the profile changes with spatial position.

From the wealth of IR spectra of HII regions, it is clear that in these regions the UIR
bands at 3.3, 6.2, 7.7, 8.6 and 11.2µm represent a single class of spectral features that come
and go together. Since the ISO-SWS spectrum of IRAS 18434 clearly shows PAH emission
features at 3.3, 6.2, 7.7 and 11.2µm (see Chapters 2, 3 and 4), the 8.6µm PAH emission
feature might be hidden in our derived profile of the 8.9µm band. Therefore, we scaled the
continuum subtracted ISO-SWS spectrum of IRAS 21190 (the continuum is shown in Fig.
8.2) so that the peak strength of the 7.7µm complex is equal in both sources (Fig. 8.19
b). Since all HII regions have the same profile for the 6.2, 7.7 and 8.6µm PAH emission
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Figure 8.19 — By subtracting the continuum shown in Fig. 8.2, the profile of the broad emission
feature at 8.6µm is obtained and shown in panel a. The black profile shows the derived profile after
correcting for extinction. The grey profile is the derived profile when no extinction correction is applied.
Panel b shows the derived profile after extinction correction (black line), the light grey curve represents
the PAH emission bands in the SWS spectrum of IRAS 21190, which can be used as a PAH template for
H II regions (Chapter 3), scaled to the strength of the 7.7µm profile of IRAS 18434. By subtracting
this PAH template from the continuum subtracted spectrum of IRAS 18434, the dark grey curve is
obtained; the dotted line is a Gaussian fitted to this resulting profile.

features (see Chapter 3), this continuum subtracted spectrum of IRAS 21190 - which suffers
no extinction (Mart́ın-Herńandez et al. 2002a) - can serve as a PAH template for HII regions
and is used here to correct the profile of the 8.6µm feature for a contribution from the 8.6
µm PAH band. Subsequently, we subtracted this PAH template to derive the intrinsic profile
of the new emission feature. Clearly this shifts the peak position of this new feature to 8.9
µm, hence we further denote it as the 8.9µm feature. This 8.9µm profile is well fitted by
a single Gaussian with a peak position of 8.92±0.01 µm and a FWHM of 0.99±0.01 µm
(Fig. 8.19 b).

The presence of this feature in a source otherwise characterised by PAH emission features
may be taken to suggest a similar carrier. The spectral characteristics of the emission features
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Figure 8.20 — Overview of possible classes of PAH emission bands as classified in Chapter 3. The
spectra are normalised such that the peak intensity in the 8µm region equals one. Clearly, the new
emission band at 8.9µm does not fall in any of the classes (A, B or C).

in the 6–9µm region are know to be highly variable (Chapter 3). Comparison of the profile
of the 8.9µm feature with those of other sources reveals that this feature is clearly distinct
and unique (Fig. 8.20). Indeed, the peak position is redshifted by> 0.7 µm compared to
any PAH-related emission profile found so far. Furthermore, only the profile of classC has a
comparable FWHM (see Chapter 3). On the basis of this comparison, it is suggestive that the
higher redshift of the profile seems connected to a broader and more “amorphous” feature.
Accepting for the moment a PAH-related carrier, the shift and broadening of profileC of
the “7.7 µm ” feature as well as that of the new 8.9µm feature may reflect an increased
modification of the carrier. Possibly, this is due to an increased clustering into larger and
larger units. Given that the 8.9µm feature in IRAS 18434 has a different spatial distribution
from the 11.2µm PAH feature, whatever process is modifying the PAHs has to be active
within this source. Since the 11.2µm feature is concentrated in the outskirts while the 8.9
µm feature is more closely connected to the arc, density variations may be at the bottom
of the spectral variation. We do want to emphasise that it is by no means given that the
carrier of the 8.9µm feature is PAH-related. Arguments in favour of a PAH-related carrier
are the presence of the 8.9µm feature in a “PAH” source which does not show any other
discernible dust feature (except silicate in absorption) and the spectral sequence illustrated in
Fig. 8.20. Arguments against a connection of the 8.9µm feature with PAHs are that while
the PAH features are widespread, this is the only source, with such a remarkable shift, in a
large sample (cf. Chapter 3) and possibly the different spatial distribution of the 11.2µm
PAH feature and the 8.9µm feature in IRAS 18434.

In this respect, the large FWHM of the feature lends some credence to a grain-like carrier.
Various carbonaceous materials show an emission near 8µm, including HAC, QCC, coal,
and partially hydrogenated C60 (Mortera & Low 1983; Sakata et al. 1984; Colangeli et al.
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1995; Guillois et al. 1996; Scott et al. 1997; Schnaiter et al. 1999; Stoldt et al. 2001). How-
ever, the profiles in these solid state materials peak close to 8µm and are much broader then
the 8.9µm feature. Therefore, these materials cannot be the carriers of this 8.9µm feature.
Various O-rich materials also show emission in this wavelength region (Speck 1998; Molster
et al. 2002). The most likely candidate is silica (SiO2) which shows emission features at
9.2, 20 and 13µm - in order of relative strength - (Speck 1998; Speck et al. 2000; Fabian
et al. 2000). However, the 9.2µm silica profile is clearly asymmetric and peaks at slightly
longer wavelengths compared to the 8.9µm feature and no emission at 20µm is seen in the
ISO-SWS data. Furthermore, while silica may be present in some O-rich late type stars, it is
then only a weak shoulder on top of the strong broad 9.7µm silicate feature (Speck 1998;
Molster et al. 2002). So, this identification does not seem very likely.

In conclusion, the carrier of the newly discovered 8.9µm feature is likely related to
PAHs, although the precise relationship awaits further laboratory and astronomical studies.

The spatial distribution of the dust and molecular species

The spatial distribution of the continuum, the 11.2 PAH emission and the 8.9µm band are
very different ( Sect. 8.4.2). These differences may reflect differences in the spatial distribu-
tion of the temperature of their carriers or differences in the spatial distribution of the density.
Here, we first discuss the continuum emission and then the PAH and the 8.9µm carrier.

The spatial distribution of the dust in this source closely resembles that of the ionised gas
(Fig. 8.14). Furthermore, the derived colour index hardly varies over the source (Fig. 8.4,
Ball et al., 1996) indicating that the dust temperature is nearly uniform. Likely, the observed
continuum emission is due to thermal emission of dust grains. If so, this constant dust tem-
perature implies that the dust is located at a constant distance from the ionising star. This does
not constrain the location of the dust, i.e. the dust can be located either (in a shell) inside the
H II regions or in the PDR. However, comparison of the spatial distribution of the Brγ, H2,
[Ne II ] and dust continuum emission might pin down the exact location of the dust further.
Indeed, since the observed H2 emission likely arises from the PDR (Martı́n-Herńandez et al.
2003), the separation between the H2 and the tracers of the ionised gas (the H2 emission
peaks at 0.93′′ ahead of the tracers of the ionised gas – Fig. 8.14) measures directly the
FUV penetration size scale (Tielens & Hollenbach 1985). These authors found that in the
PDR, the vibrationally excited molecular hydrogen H�

2 peaks around∆AV ∼ 2 with respect
to the ionisation front. Adopting a hydrogen column density,NH, per magnitude of visual
extinction,NH/AV = 1.9 1021 cm−2 and a distance of 5.7 kpc, the observed scale size of
the region (0.93′′) implies a neutral gas density of 4.7 104 cm−3 for a homogenous region
viewed edge-on. This inferred density agrees well with independent estimates of the density
of this region. The ionised gas has an estimated density of 1.0 104 cm−3 (Mart́ın-Herńandez
et al. 2002a) and an estimated electron temperature of 5000-7500 K (Martı́n-Herńandez et al.
2003). If we assume pressure equilibrium across the ionisation front, this estimate requires
a neutral gas density of 1.0-1.5 105 cm−3 for a neutral gas temperature of 1000 K. In the
standard PDR model (Tielens & Hollenbach 1985), the temperature of the dust originating in
the PDR, peaks within the ionisation front. With the observed scale size of the H2 emission,
and assuming that there is a∆AV of � 0.5 mag between the ionisation front and the dust
emission peak in the PDR, a separation of 0.23′′ between the peaks of the emission from dust
located in the PDR and the tracers of the HII region (Brγ and [NeII ]) is obtained. However,
our study has a spatial resolution of 0.256′′/pixel and a seeing of 0.6′′; hence a separation
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of 0.23′′ is not resolved. Therefore, the fact that the dust emission shows a similar spatial
distribution as the [NeII ] emission does not necessarily imply that the dust is co-located with
the ionised gas instead of in the PDR surrounding the HII region. To resolve this separation,
high spatial resolution observations by diffraction-unlimited or space-born instruments are
needed. We do note that if the dust were located in the ionised gas, the observed constant
temperature excludes that Lymanα photons provide the dominant heating source, in view of
the large density variation observed (Afflerbach et al. 1994; Wood & Churchwell 1991).

In the well studied nearby HII region Orion, all the PAH emission features predominantly
originate from the PDR rather than from the ionised gas (Tielens et al. 1993; Geballe et al.
1989; Sellgren et al. 1990). Our data for IRAS 18434 are consistent with this conclusion.
While the dust continuum emission peaks in the arc, the 11.2µm PAH emission is mainly
detected off the arc. Although most upper limits do not add information on the PAH dis-
tribution, we can conclude that the PAH emission does not increase in the same way as the
strength of the continuum emission; since otherwise we would be able to detect the PAHs in
the arc. This is supported by the 11.2µm emission and the strength of the dust continuum
emission in slit 1. The 11.2µm PAH emission clearly has a different spatial distribution
than the dust continuum emission. In principle, these different spatial distributions might re-
flect differences in the temperature distribution of the carriers with position in the nebula; e.g.
dust is in radiatively equilibrium with the radiation field at a temperature which will drop with
distance from the star. The emission on the Wien side of the Planck function (as is the case
here), is then heavily weighted towards the highest temperatures. In contrast, PAHs are tran-
siently heated to the same temperature independent of position (i.e. strength of the radiation
field). However, this is likely only to be a minor effect and most of the differences in spatial
distribution between the IR emission features and the continuum likely reflects a difference
in spatial distribution with the PAHs located in the PDR surrounding the HII region and the
dust (i.e. the dust dominating the emission at mid-infrared wavelengths) within the ionised
gas. We emphasize that there is also dust present in the PDR but this dust is outshone by the
warmer dust within the HII region. The bulk of the (far-IR) dust emission likely originates
from outside the HII region. Observations at longer wavelengths may be able to settle this
issue. The 8.9µm band follows more the emission from the dust than the emission from the
PAHs. Hence, if the carrier of the 8.9µm feature is related to the PAHs – as we surmised
above –, then this carrier should be much less susceptible to destruction within the ionised
gas. This is consistent with a larger size for the 8.9µm carrier.

We conclude that the strength of the different tracers of the “dust” - continuum, 11.2µm
emission feature and the 8.9µm emission feature - all show different spatial distributions in
IRAS 18434. While these differences may reflect differences in excitation (radiative equilib-
rium versus transient temperatures) and spatial distribution, chemical variations or modifica-
tions of the PAHs either driven by the radiation field or by interaction with the ionised gas
are likely to be important.

8.5.2 IRAS 21190

Silicate in emission

IRAS 21190 clearly shows silicate in emission (see Fig. 8.15). The FHWM of the profiles
are quite large indicating the presence of a size and/or temperature distribution in the silicate
grains. Whether a shift in peak position and hence a temperature gradient within the source
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Figure 8.21 — The calculated silicate emission features for differentT0 (corresponding to the tem-
perature of a 1µm grain, see eq. 8.11) assuming an MRN size distribution and a size dependent
temperature law. See text for details.

is present, is not clear at first sight due to the uncertainty in the continuum determination.
Indeed, silicate has two prominentblended emission bands at 9.7 and 18µm. Therefore, at
the long wavelength end in our observations (∼ 13 µm), the observed flux is a combination
of dust continuum emission and silicate emission. In contrast, at the short wavelength end in
our observations (∼ 8 µm), the observed flux is entirely continuum emission (see Fig 8.2
b). Hence, it is not straightforward to determine the dust continuum. Clearly, a variation
in the continuum influences the observed peak position of the silicate profile. Therefore,
we modelled the observed spectra by calculating theoretical spectra consisting of a silicate
emission feature and a dust continuum.

In this model, we represent the dust continuum emission by a straight line,ux + v, with
a slopeu and a offsetv (when plotted inµm versus Jy). Subsequentely, the silicate profile
is calculated assuming an MRN size distribution (Mathis et al. 1977) and a size dependent
temperature law (see Appendix 8.A for a complete description).

For the wavelength dependence of the emission efficiency,Pν , we use the normalised
intrinsic profile of the Trapezium (Vriend 1999; Forrest et al. 1975; Draine & Lee 1984). This
intrinsic profile of the Trapezium is derived by dividing the observed silicate profile towards
this source by a blackbody at a temperature of 250 K. Therefore, it is implicitely assumed that
all silicate grains in this source have the same size and the same temperature. This intrinsic
profile of the Trapezium covers a wavelength range of 8.1–12.3µm. Therefore, we limited
the spectral coverage of our model spectra to the same wavelength range. The strength of the
observed silicate emission band determines the scaling factorK needed so that the calculated
profiles have similar strength. It is not necessary to includeK as a free parameter in the
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Figure 8.22 — Theχ2
ν contours for the parametersT0, the temperature, andu, the continuum slope

obtained for slit 1, zone 2.

model (see below).
As a consequence, the model has 3 free parameters :T0 (corresponding to the temperature

of a 1 µm grain, see eq. 8.11), the continuum slopeu and the continuum offsetv. Changing
either of the parameters can considerably change the output of the calculated spectrum.
Obviously, the calculated silicate profile is dependent on the slope of the continuum and vice
versa. In contrast, the continuum offset has little effect on the derived silicate profile. The
calculated silicate profiles for differentT0 are shown in Fig. 8.21. The parameterT0 clearly
influences the derived profile, i.e. higher temperatures shift the profile – and hence the peak
position – towards the blue.

In order to derive the model parameters that provide the best fit to the observations, a
quantitative comparison between the model spectrum and the observed spectrum needs to be
made. This is done by calculating

χ2
ν =

χ2

ν
=

1
Np − m

∑
i

(y0 − KFν)2

σ2
(8.1)

wherey0 is the continuum subtracted flux values for the observations,Fν the calculated
silicate profile,K the scaling factor,σ are the uncertainties on the data points (assuming that
the uncertainties on the model spectrum are negligible), the sum runs over all data pointsNp

in the spectrum andν = Np −m is the number of degrees of freedom withm the number of
free parameters. For a good fit,χ2

ν should be low, of order unity.
The applied scaling factorK corresponds to that value for whichχ2 is minimal,

dχ2/dK = 0 and thus :

K =
∑

y0Fν/σ2∑
F 2

ν /σ2



194 Chapter 8 : A mid-IR spatial study of two compact HII regions.

Figure 8.23 — The left panels show the observed spectra in slit 1, zone 2 and 4 respectively nor-
malised to an area of1′′ × 1′′. Also shown in the left panels is the continuum (dashed line in grey
tones) and the calculated spectrum as determined in the simple model (solid line in grey tones). The
right panels shows the continuum subtracted spectra overplotted with the calculated silicate profile (grey
tones).

Therefore, once the continuum is determined, we can calculate the scaling factorK.
By minimising χ2

ν , we obtain the best fit. Fig. 8.22 shows theχ2
ν contours for the

parametersT0 andu. The error estimates are obtained by evaluating by which (T0, u, v)
valuesχ2 < (χ2

min + 3).

Figs. 8.23 and 8.24 show some of the observed spectra with the best fit derived with this
model; the obtained parameters are given in Table 8.3. The spectra are fitted very well with
our simple model and clear variations are present in the peak position and strength of the
silicate emission feature (and hence the parameterT0 and the scale factorK respectively)
and the strength of the continuum slope (i.e. parameteru).

To test the dependence on the assumed silicate emission efficiency, we applied the same
model to the data using the derived intrinsic profile ofµ Ceph (Russell et al. 1975; Vriend
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Figure 8.24 — Same as for Fig. 8.23 but now for slit 3, zone 2 and 3.

1999) and laboratory measurements of the optical constants of amorphous silicate (Jaeger
et al. 1994). Comparison of the derived parameters using these three different intrinsic silicate
emission profiles shows that the results are very robust.

The parameterT0 is given in Table 8.3. Within each slit, a temperature gradient is present.
In slit 1, the highestT0 and hence highest temperature of the silicate component in the model
is found in the blob, the smallest in the region between the arc and the blob. In contrast, in
slit 3 and 5, located on the edges of the source, the temperature is highest in the arc. For slit
2, located on the centre as is slit 1, the temperature distribution is not well determined. The
derived values ofT0 ranges from 39 to 128, indicating a temperature range of 84–139 for a
100Å grain and of 57–129 for a 1000̊A grain (see eq. 8.11).

The silicate grains present in slit 2 have slightly higher temperatures than those present
in slit 1. This somewhat curious result – both slits are located on the center of the source –
may reflect that the ionising source is not located within the 1′′ slit and hence this difference
may reflect the presence of a temperature gradient within the source.

The largest slope of the dust continuum is found in the arc. The slope of the continuum
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Table 8.3 — The derived model parametersa.

Slit Zone T0 u v K χ2
ν

1 2 7278
68 0.270.30

0.24 -1.81−1.56
−2.07 0.810.91

0.71 0.36

1 3 5976
51 0.050.07

0.03 -0.31−0.14
−0.45 0.120.17

0.08 0.40

1 4 99121
85 0.100.11

0.08 -0.56−0.43
−0.69 0.260.29

0.25 0.58

2 2 8693
80 0.250.27

0.22 -1.56−1.36
−1.76 0.790.86

0.73 0.76

2 3 12821687 0.080.09
0.06 -0.47−0.36

−0.58 0.100.11
0.09 0.86

2 4 96126
79 0.080.09

0.06 -0.37−0.24
−0.49 0.170.20

0.16 0.82

3 2 5766
53 0.100.12

0.08 -0.57−0.40
−0.73 0.190.26

0.12 0.98

3 3 3941
38 0.010.03

0.00 0.120.18
−0.04 0.230.26

0.17 0.82

3 4 4043
37 0.000.01

0.00 0.060.07
0.03 0.090.09

0.07 1.07

5 2 5565
50 0.070.08

0.05 -0.37−0.21
−0.52 0.150.21

0.10 0.35

5 3 4953
46 0.040.06

0.02 -0.20−0.01
−0.34 0.170.24

0.12 1.03

a See text for details on the model and the errors. The spectra are all normalised to an area of
1′′ × 1′′.

is an indication of the temperature of the dust responsible for the mid-infrared continuum
emission. Hence, the continuum dust temperature is highest in the arc. As for the silicate
grains, a clear temperature gradient is present in the continuum dust emitting at mid-infrared.
In addition, Fig. 8.25 shows that the derived continuum dust temperatures correlate in general
well with the silicate dust temperatures indicating that these two dust components are heated
in a similar way, i.e. in equilibrium with the radiation field. There are three deviant regions
i.e. the blob in both center slits and the region between the arc and the blob in the 2′′ center
slit. Those three regions represent the highest obtained value ofT0 within the source.

The spatial distribution of the dust and molecular species

The data of the center slit shows that in the arc, the dust emission at 12µm (composed
of continuum and silicate emission with the continuum representing 70–80 % of the total
emission) coincides with the emission from the ionised gas (as traced by [NeII ]). In contrast,
in the blob to the north-east, the dust emission is displaced outwards from the emission of
the ionised gas (Figs. 8.16, 8.17 and 8.18). The stratification of the emission observed in
the north-east gives the impression of an edge-on PDR, where the [NeII ] emission traces the
ionised gas and the dust emission originates in the neutral gas outside of the ionisation front.
Within this interpretation, the dust must then have been removed from within the ionised
gas volume either through radiation pressure or through destruction. Assuming that there is
a ∆Av of � 0.5 mag between the ionisation front and the dust emission peak in the PDR
and assuming standard dust properties, we infer a density of 6–7 103 cm−3 in the PDR from
the observed separation. In contrast, in the arc, the dust emission coincides with that of the
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Figure 8.25 — The relation between the slope of the adopted continuum and the parameterT0, in-
dicative for the temperature of the grains and the silicates respectively.

ionised gas. Since we have spatially resolved the arc in both the dust and in the [NeII ] line,
this cannot merely reflect a superposition of the ionised gas and the PDR in the beam due to
a much smaller physical scale size (reflecting the much higher densities). Rather, it suggests
that in the arc the carriers of the dust continuum and the silicates are spatially co-located with
the ionised gas. Hence, either the dust/silicates have not yet been destroyed here (perhaps
due to the limited time available since the dust entered the HII region through the shock) or
radiation pressure plays a much more limited role at this distance from the ionising source.

We can compare these conclusions with the parameters derived with the model (see Ta-
ble 8.3). The temperature distribution of both continuum and silicates suggests that the emis-
sion in the arc and in the outer slits follow a continuous, linear distribution while the emission
in the blob is characterised by much higher silicate temperature then the continuum would
indicate (Fig. 8.25). In line with spatial distribution of gas and dust of the center slit, we
interpret this as follows : both the emission in the arc and outer slits traces the dust in the
H II region while the blob emission is dominated by the PDR. The good correspondence be-
tween the dust emission, dust temperature distribution and the distribution of the ionised gas
tracers suggest that the dust in the HII region is heated predominantly by trapped Lymanα
photons and that this is at the basis of the linear correlation in silicate and continuum tem-
perature (i.e. the dust is hottest in the center of the arc). Because the emission from the
blob seems to be associated with a PDR, Lymanα heating cannot be important and hence
these points do not partake in the general correlation of the temperature. It is unclear why
the silicate temperature in the blob is among the highest temperatures while the continuum
is so cool. Likely, the blob is more closely associated with the ionising star then the arc, but
that does not explain the low temperature of the continuum carriers. Either the silicates and
continuum carriers are not spatially coexistent (i.e., the dust continuum is dominated by back-
ground emission not associated with the blob) or the silicate (but not the continuum carriers)
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size distribution differ between the PDR and the HII region. Specifically, if the silicate sizes
in the PDR are much smaller then in the HII regions, they would be hotter. However, the
physical processes responsible for such a spatial separation between silicates and continuum
carriers or silicate size variations between the PDR and the HII region are not understood.

8.6 Summary
In this paper, mid-infrared images and long-slit 8–13µm spectra of the compact HII regions
IRAS 18434-0242 and IRAS 21190+5140 are presented indicating that clear variations are
present in the spatial distribution of the different infrared emission components.

We detected a new broad dust emission feature at∼8.9 µm in IRAS 18434. Previous
studies have shown that the 7.7µm UIR emission feature can shift to 8.22µm in some
sources. Possibly, this new discovered 8.9µm band is just an extreme example of such
a shift and its carrier is closely related to the carriers of the UIR bands. We found that
in IRAS 18434, the dust continuum emission in the mid-infrared is dominated by thermal
emission of dust co-located with the ionised gas and that the carrier of the 8.9µm feature
also resides inside the HII region while the PAH emission originates from the PDR.

The 10µm spectrum of IRAS 21190 reveals the presence of three different “dust” com-
ponents: PAHs, silicates in emission and dust continuum-carriers. The spatial distribution
of the ionised gas and the dust emitted at 12µm (i.e. silicate emission and dust continuum
emission) reveals that in the arc, the dust resides within the HII region. In contrast, the lo-
cation of the extra emission in the north-east of the source is clearly different for both the
ionised gas and the dust, indicating that here the dust continuum emission in the mid-infrared
is dominated by dust originating in the PDR. We calculated spectra composed of dust contin-
uum emission and silicate emission assuming an MRN size distribution and a size dependent
temperature law. We found a temperature gradient within the source for both the dust contin-
uum emission and the silicate feature and this temperature of the dust and the silicate grains
correlates well with each other. This correlation vanishes for the extra emission in the north-
east of the source. We found that both the silicates and the dust in the arc are co-located
with the ionised gas in the HII region and are heated predominantly by trapped Lymanα
photons. Why the silicate temperature at the location of this extra emission, is among the
highest temperatures while the continuum is cool, is not well understood.

It is clear that similarities and variations in the spatial distribution of the different IR emis-
sion components emphasise the importance of differences in location, excitation mechanism
and of chemical modifications of the carriers.
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8.A The silicate profile

The flux densityFν(a) emitted by a single spherical dust particle with radius (“size”)a at
temperatureTd(a) is given by

Fν(a) = 4πa2Qem(ν, a)Bν(Td(a)) (8.2)

in whichQem(ν, a) is the particle’s frequency-dependent emission efficiency. In the optically
thin limit, the emergent flux of a collection of grains at different sizes is then given by

Fν =
∫ amax

amin

Fν(a)n(a) da (8.3)

=
∫ amax

amin

4πa2Qem(ν, a)Bν(Td(a))n(a) da (8.4)

whereamin andamax denote the minimum and maximum grains sizes respectively, andn(a)
the number of particles of sizea in the collection of grains. The fact that we observe the
silicate feature in emission implies that the optically thin limit is valid.

Mathis, Rumpl & Nordsieck (1977, MRN hereafter) studied the grain size distribution for
the interstellar medium and concluded that the grain size distribution can be well represented
by a power-law. We will adopt this grain size distribution, in the form presented by Draine &
Lee (1984) :

n(a) = nHAsila
−3.5 (8.5)

whereAsil is the abundance of silicates relative to hydrogen, andnH is the number density of
atomic hydrogen. The cutoffs to this distribution are found by MRN to beamin = 0.005µm
andamax = 0.25µm.

At the IR wavelengths studied here,2πa/λ < 0.5 so that at each frequencyQem(ν, a) ∝
a (Draine & Lee 1984); in this case we can separate the wavelength- and size-dependent parts
of the emission efficiency:

Qem(ν, a) = fPνa (8.6)

wheref is a constant andPν contains the frequency dependence of the efficiency which is
independent of grain size.

Assuming the grains are in thermal equilibrium with their environment, we can derive the
grain temperatureTd(a) :

∫ ∞

0

Lν

4πr2
πa2Qabs(a, ν)dν =

∫ ∞

0

4πa2Qabs(a, ν)Bν(Td)dν (8.7)

with Qabs(a, ν) = Qem(a, ν).
The Planck averaged absorption efficiency is defined as

Qabs =

∫ ∞
0

Qabs(a, ν)Bν(T )dν∫ ∞
0

Bν(T )dν
(8.8)
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Note that, since we are integrating over frequency, the dependence ofQabs on frequency and
grain radius becomes a dependence on temperature and grain radius forQabs.

Now, multiply the top and bottom of the lefthand side of 8.7 by
∫ ∞
0

Bν(Teff )dν =
σT 4

eff/π and the top and bottom of the righthand side of 8.7 by
∫ ∞
0

Bν(Td)dν = σT 4
d /π.

We then have

Lbolπa2Qabs(Teff , a)
4πr2

= 4πa2Qabs(Td, a)
σT 4

d

π
(8.9)

with Lbol = 4πR2
�σT 4

eff .
The Planck averaged absorption efficiency of silicate grains at an effective temperature

corresponding to an O6–O8 star can be assumed to be 1. Furthermore, Draine & Lee (1984)
showed thatQabs(T, a)/a ∝ T 2 for log(T ) ≤ 2 so that Eq. 8.9 becomes

Td(a) = Ca−1/6 (8.10)

in which C is a constant. WithT0 the temperature of ana0 = 1 µm grain, we can write
Eq. 8.10 as

Td(a) = T0

(
a

a0

)−1/6

(8.11)

Putting Eqs. 8.5, 8.6 and 8.11 into Eq. 8.4, we obtain :

Fν =
∫ amax

amin

4πa2fPνa
2hν3

c2

1

exp
(

hν
kT0

(
a
a0

)1/6
)
− 1

nHAsila
−3.5 da (8.12)

=
8πhf

c2
nHAsilPνν3

∫ amax

amin

a1/2

exp
(

hν
kT0

(
a
a0

)1/6
)
− 1

d ln a (8.13)




