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8 On the 21 �m feature in post-AGB
stars and HII regions ?

Abstract. In this chapter the 21 �m feature, an emission band that was discov-
ered in the IRAS-LRS spectra of post-AGB stars and HII regions, is investigated.
The main objective of this study is to determine and discuss the difference be-
tween the emission at 21 �m in both types of objects. The results can then be used
to create samples of post-AGB candidate stars from the IRAS-LRS database for
further study. The differences appear larger than expected. It is demonstrated that,
contrary to the post-AGB objects that are not resolved by IRAS, the HII regions
are resolved both by the IRAS continuum detectors and the LRS spectrograph,
which has important implications for the extracted LRS spectra.
It is shown that the LRS spectra of extended objects are seriously affected by a
degradation in resolution, where at the edges a decrease in flux is the result of
smearing the source flux beyond the nominal LRS wavelength range. In addition,
the extent of a source leads to an underestimate of the PSC flux density, which
yields 25 �m continuum points that lie significantly below the LRS spectra.
Since the post-AGB stars are not resolved by the IRAS instruments, we conclude
that the 21 �m feature in the LRS spectra of post-AGB stars is real, while the
feature in HII regions may well be explained as an artefact of the LRS instrument
that was designed for point sources.

1 Introduction

The presence of a broad emission band at 21 �m in the IRAS Low Resolution Spectra
(LRS, 1986) of four carbon-rich post-Asymptotic Giant Branch stars was discovered by
Kwok et al. (1989). The sample of post-AGB stars with a 21�m emission feature has now
increased to nine (Kwok, 1993). The main importance of the discovery lies in the chemistry
of the circumstellar material. It stimulated the study of the so-called ‘Unidentified Infrared
Bands’ (UIB) that are present in the (near-) infrared spectra of post-AGB stars, HII regions
and Planetary Nebulae.

? This chapter is an adapted and extended version of a paper that was written by René
Oudmaijer and Dolf de Winter, published in A&A 295, L43 (1995)
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Proposed carriers responsible for the emission of the UIBs are large molecules con-
sisting of poly-aromatic hydrocarbons (PAHs), suggesting that the environments where
the UIBs are observed are carbon-rich. All post-AGB objects that show the 21 �m feature
exhibit the well-known 3.3 �m ‘PAH’ feature, which led Kwok et al. (1989) to speculate
that the possible carrier responsible for the 21 �m feature is a carbon-bearing molecule
as well. Carriers that are not based on carbon as for example solid silicon disulfide, SiS2,
have also been proposed (Goebel, 1993).

With the discovery of C2 absorption lines in the optical spectra of post-AGB stars
with a 21 �m feature (Hrivnak 1995; Bakker 1995) it was conclusively shown that these
objects have carbon-rich environments. Bakker et al. (1995) find that all objects with the
21 �m feature have also C2 absorption.

It must be noted that the 21 �m feature has only been observed in the spectra of
relatively cool post-AGB stars (spectral types later than F), while it has not been observed
in their progenitors, the carbon stars, nor in the spectra of their successors, the Planetary
Nebulae. This suggests that the conditions required for emission at 21 �m are very
dependent on the radiation field, and provides strong constraints for the research on the
identification of the carriers responsible for the feature. For a detailed discussion on the
origin of the 21 �m feature we refer to Omont et al. (1995) and Justtanont et al. (1995),
who present KAO and UKIRT-CGS3 spectra respectively of a sample of these stars.

A similar feature was found by Cox (1990) in the spectra of HII regions. By a simple
comparison between the LRS spectra and the IRAS 12 and 25 �m continuum fluxes,
he found that the LRS spectra of ten objects show a red continuum rising up to 22 �m
followed by a steep decline to the wavelength edge of the spectra at 22.6 �m. The peak
fluxes in all spectra lie, in some cases considerably, above the 25 �m continuum flux.
Cox interpreted these spectra as evidence for a 21 �m emission feature in HII regions.
As most of the objects inspected turned out to exhibit this feature, he concluded that it
is ‘ubiquitously’ present in HII regions. The considerable offset between the spectra and
the continuum fluxes suggested that around 20% of the infrared flux was contained in this
feature. Instead of attributing this feature to carbon bearing particles, he argued, based on
the absence of the 7.7 and 11.3 �m bands in several spectra, that the most likely carrier
responsible for the feature is iron-oxide.

This identification of the 21�m feature in HII regions is different than proposed for the
post-AGB stars. A comparative study of the differences between the spectra themselves
has however not been published. Our main objective in this study is to define the main
differences between the spectra in order to create well-defined criteria when selecting
post-AGB stars from the IRAS-LRS catalogs.

A careful re-analysis of the IRAS-LRS spectra, using the versatile new programs avail-
able in the IRAS-GIPSY software system developed at the Kapteyn Institute Groningen
(Wesselius et al. 1992; van der Hulst et al. 1992), shows however that the 21 �m feature
in HII regions may be an artefact. LRS is a slit-less spectrograph, which was designed
for point sources, while the objects appear to be extended at IRAS wavelengths. This is
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probably also the case for other types of extended sources in the IRAS/LRS database that
have an apparent emission feature at 21 �m.

In the following we investigate IRAS 08563-4711 and its close neighbour IRAS
08573-4718.

2 An example: IRAS 08563-4711 and 08573-4718

IRAS 08563-4711 was mentioned by Cox (1990) as the ‘proto-typical case’ of his sample
of HII regions with a broad 21 �m emission band in their LRS spectra. IRAS 08573-4718
is located 150 from IRAS 08563-4711, and is also listed by Cox. In Fig. 2 we show a
two-dimensional co-addition of the IRAS scans at 25 �m of a 1o � 1o field around the
objects. For comparison the field of view of a 25 �m continuum detector is plotted as a
dashed box. IRAS 08573-4718 is considerably extended. IRAS 08563-4711 is extended
as well, be it less than IRAS 08573-4718.

In Fig. 2 the LRS data, reduced as if a point source was present, are plotted. The
12 and 25 �m continuum flux densities from the Point Source Catalog (PSC, see IRAS
Explanatory Supplement, 1985) are plotted as stars.

The spectrum of IRAS 08563-4711 agrees well with the 12 �m continuum point, the
peak is slightly higher than the 25 �m point, which does not follow the increase of the
spectrum observed at shorter wavelengths. Taken at face value, the fall-off of the spectrum
and the lower 25�m point could suggest the presence of an emission feature peaking close
to 21�m. It must be noted that the difference between the LRS spectrum and the continuum
point in our Fig. 2 is less than shown in Fig. 1 of Cox (1990). The reason is probably the
more sophisticated software we have used in extracting the spectra, resulting in a better
baseline subtraction and a better flux-calibrated spectrum than previously available.

IRAS 08573-4718 presents a different picture; the fall-off at 22 �m is readily visible,
and its 25 �m point source flux density, which is listed as an upper limit in the PSC, lies
three times lower than the spectrum. However, the spectrum is also two times brighter at
12 �m than the 12 �m continuum point. This could suggest another origin besides the
presence of a 21 �m feature.

2.1 LRS spectra of ‘extended’ sources

Since LRS is a slit-less spectrograph, the size of the exit slit of 1500 determines the
maximum size for an object to yield good quality spectra. In this section we will discuss
the effects that appear when an extended object is observed by LRS, therefore we briefly
describe the technical details.

The LRS instrument sampled the sky every 7.200. When the radiation of a source falls
in the LRS aperture, which has a length on the sky of 60, the spectrum of the object is
being sampled. Each sample constitutes half a resolution element of the spectrum. The
light through a slit-less spectrograph depends on the position of the source on the aperture.
In the case of LRS this means that from the moment that the in-scan distance between a
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Figure 1 Co-add of the 25 �m IRAS survey data for IRAS 08563-4711 and IRAS 08573-4718. The
contour levels are given in 2,4,8,16... MJy/ster. The dashed box in the lower left corner represents
the size of the 25 �m continuum detector on the sky.

source and the center of the LRS aperture is 30, the spectrum is measured, starting with the
longest wavelength. When the aperture has crossed the source, a full spectrum is obtained.

In the case of a point source, the detector measures in every sample the flux density of
the source at a certain position,which is directly related to the wavelength. For an extended
source (i.e. larger than 1500) however, the object covers part of the aperture. The flux
received by the detector is then an integral of the object in position, and thus wavelength.
Due to the extent of the object the resulting spectrum suffers from a degradation in
wavelength resolution by a smearing of positional and wavelength information. In addition,
the detector starts sampling the source already when the in-scan distance is larger than 30.
This results in a smoothing of the spectrum beyond the nominal wavelength range. Instead
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Figure 2 Averaged 7.7-22.6 �m LRS spectra of IRAS 08563-4711 and IRAS 08573-4718. The
error on the absolute flux calibration of the spectra is 10 - 20%. The stars represent the 12 and 25
�m Point Source Catalog continuum fluxes. The filled circles are the fluxes corrected for the extent
of the objects (see text). The monochromatic flux of the objects at 25 �m is likely to lie between
these two points.

of a sharp drop of the calibrated spectrum, the decrease of the spectrum occurs over a few
sampling elements, depending on the size of the object.

An illustrative example of this effect is given in Fig. 3, where the LRS spectrum
of IRAS 08573-4718 is compared to that of HD 56126 (IRAS 07134+1005), one of the
post-AGB stars exhibiting the 21 �m feature. The spectrum of HD 56126 drops to the
zero level at 23 �m, while that of IRAS 08573-4718 extends to 26 �m.

The wavelength resolution of LRS is about 50 at 22.6 �m, so one spectral resolution
element is � 0.45 �m. The drop to the zero level then corresponds to about 1 and 7.5
‘resolution’ elements for HD 56126 and IRAS 08573-4718 respectively. In the lower
panel the one-dimensional co-adds of the 25 �m scans are plotted. The response curve
of IRAS 08573-4718 is significantly broader than that of HD 56126. Thus, both from
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Figure 3 Upper panel: the LRS spectrum of the post-AGB star HD 56126, which has a 21 �m
emission band. Middle panel: Overlay of the spectra of IRAS 08573-4718 (thick line) and HD 56126.
The spectral region beyond 22.6 �m is represented by the dashed line. Lower panel: Overlay of
the 25 �m one-dimensional scans of HD 56126 and IRAS 08573-4718 (thick line). The response
peak of IRAS 08573-4718 is broader and indicative of the extent of the object. The vertical axes
on the left-hand side denote the flux density of IRAS 08573-4718, on the right-hand side that of
HD 56126.

the LRS spectra and the one-dimensional co-adds, HD 56126 may be considered a point
source, but IRAS 08573-4718 is clearly extended.

The smoothing effect due to the extent of an object results in a degradation of the
wavelength resolution and a decrease of the spectrum at the wavelength edges. It also
means that the spectrum shortward of 22.6 �m (the nominal wavelength edge of LRS)
is seriously affected. The decrease of the 21 �m emission band reported by Cox (1990)
could well be explained by this smoothing effect.
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2.2 A re-determination of the IRAS 25 �m fluxes

In the previous section it is shown that the fall-off of the LRS spectra of the HII regions
discussed by Cox is probably the result of a smoothing of the spectrum because the objects
are extended. A related topic concerns the flux densities of such objects as listed in the
PSC. From the offset between the LRS spectra and the 25 �m flux densities Cox (1990)
inferred the strength of the 21 �m feature in HII regions.

Before discussing the point source flux densities we want to stress the following; when
dealing with extended sources it is not really possible to compare the 25 �m continuum
flux density with the LRS spectrum. This stems in the first place from the fact that the
spectrum is considerably smoothed, so that the true underlying spectrum is unknown, and
secondly because the spatial resolution of the LRS and survey instruments are different.
The exit slit of LRS is 1500 while the in-scan size of the 25 �m detectors is 4500. Since the
spatial flux distribution at scales smaller than 4500 is not known, one can not compare the
data from these instruments with certainty.

With the above in mind, we investigate the origin of the apparent offsets between
the LRS spectra and the PSC 25 �m flux densities. During the processing of the PSC, a
point source template was correlated with the one-dimensional scans crossing the sources.
Only those sources with correlation coefficients larger than 97% were considered point
sources, and included in the PSC. The flux density was calculated from the amplitude of
the individual scans. The correlation coefficients of IRAS 08563-4711 and IRAS 08573-
4718 as listed in the PSC of the 25 �m data are 99% and 96% respectively. It is the
extent of the objects, rather than a low signal-to-noise ratio of the scans, that cause these
coefficients to be less than 100%. The low value for IRAS 08563-4711 is the reason that
it has only an upper limit listed at 25 �m.

Although relative photometry by comparing peak responses may be correct in the
case of point sources, it is not for extended sources. For the latter the response peak is
broader, which means that rather than the amplitude, the total area under the response
curve should be integrated to obtain the flux density. We determined the flux density from
the one-dimensional scans and obtained the 25 �m flux densities corrected for the extent:
645 and 14115 Jy for IRAS 08563-4711 and IRAS 08573-4718 respectively. The errors
in the derived values are of order 10-15%. Note that the corresponding PSC values are
442 and <4280 Jy respectively. The new points are plotted in Fig. 2. Any correction of
the flux densities for the slope of the spectral energy distribution (the colour-correction)
will result in even higher values by about 10-20%. The flux discrepancy between the
continuum points and the LRS spectra seems to have vanished; the 25 �m points follow
the natural increase of the LRS spectra toward longer wavelengths.

Although it is impossible to either correct the LRS spectra for the extent of the objects
or to compare the LRS spectra with the 25 �m flux density, we conclude that, based on
the present data, the arguments against the presence of a 21 �m feature in HII regions are
stronger than those in favour of it.
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3 Discussion

Is the apparent absence of the 21 �m emission feature in HII regions also applicable for
the post-Asymptotic Giant Branch objects?

Contrary to the sample of HII regions, where every source is extended, the post-AGB
objects are true point sources (as HD 56126, discussed above), so that the problems in
Sec. 2 do not appear. Follow-up KAO and UKIRT observations of these sources have
confirmed the presence of an emission band at 21 �m (Hrivnak et al. 1994; Omont et al.
1995; Justtanont et al. 1995).

We are carrying out a program to study objects that exhibit the 21 �m feature in the
LRS spectra. We have searched in the LRS atlas and the catalogs by Volk and Cohen
(1989) and Volk et al. (1991) to find similar objects (de Winter et al. in preparation).
Surprising was the fact that of the 100 candidates we found, only 15 were selected from
the LRS atlas, which contains more than 5000 spectra, while 85 were selected from the
much smaller catalogs of Volk and Cohen (1989, 356 spectra) and Volk et al. (1991,
486 spectra). Similarly, 6 of the 10 objects given by Cox are listed in Volk and Cohen
(1989), and only 4 in the LRS atlas. Our master list of 100 sources indeed contains many
objects associated with HII regions, and a large fraction is extended in the IRAS data.
The fact that so many of these sources appear in the Volk and Cohen and the Volk et al.
catalogs is probably related to the fact that these authors did not reject spectra in cases
where the sources are extended, while this was one of the main criteria used by the IRAS
Science Team. The analysis performed in this paper shows that care should be taken when
interpreting data of such sources.

4 Concluding remarks

We have shown that the differences between the 21 �m feature in the LRS spectra of
post-AGB stars and HII regions are very large. Whereas HII regions are resolved by IRAS,
the post-AGB stars are not. This fact results in a simple recipe to discriminate between
LRS spectra of post-AGB candidate objects and HII regions. A sharp drop in the LRS
spectrum beyond the nominal wavelength of 22.6 �m instead of a gradual decline should
be a sufficient criterion to decide whether the IRAS source is resolved or not.

We conclude that the 21 �m emission feature found in the LRS spectra of HII regions
can well be explained by an artefact of the LRS instrument rather than a real feature
because the objects are extended. The ultimate test whether this explanation is correct will
be carried out by future observations with ISO.
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