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Abstract. We present ISO Short Wavelength Spectrometér|ntroduction

(SWS*) grating spectra of six compact Hll regions. In addi- i ) o .

tion to strong emission lines from atomic species these spedrS€Ties of prominent near- and mid-infrared emission bands
display infrared bands attributed to Polycyclic Aromatic Hydrg:®€N in @ variety of sources including reflection nebulae, Hll
carbons (PAHSs). The continuous spectral coverage of the preSER{ONS: planetary nebulae, the diffuse interstellar medium and

observations and the high spectral resolution allow to descri@axies are generally attributed to a family of aromatic hydro-
the detailed structure of the emission bands: thefiband Caroon species (Puget &eger 1989; Allamandola et al. 1989

is composed of two bands at 7.6 and 78, the 6.2um band and references therein). The exact nature of these small par-
has a long wavelength extension, there is a plateau of emis§|'8l?s has been a matter of cons@eraplg dgbqte over the last
between 6 and %m and a new feature is reported at 1418 decade: the most widely accepted identification is that of PAHs
in addition to the well-known 11.2m band. These observa{-€9€r & Puget1984; Allamandola et al. 1985) either neutral or
tions also reveal large variations in the relative intensities of ti11zed. While other carriers have been proposed including hy-
dust bands, in particular between the 7.7 andi86bands. In drogenated amorphous carbons (HACs; Borghesi et al. 1987),
one extreme case, the 86 band is stronger than the 7. guenched carbonaceous compounds (QCCs; Sakata et al. 1984)

band. These observations are compared to a mixed populaﬂBH coal grains (Papoular et al. 1989), none is able to explain

of ionized PAHSs, using new laboratory measurements. the excitation process satisfactorily.
The SWS on board the Infrared Space Observatory (I1SO,

see Kessler et al. 1996) with its large coverage in wavelength
Key words: ISM: dust — ISM: HIl regions — ISM: molecules —and spectral resolution provides a unique opportunity to probe
infrared: ISM: lines and bands in detail the dust spectral signatures in a vast number of sources

spanning a wide range of physical conditions. Such a data base

will enable, amongst other work, to study how the carriers of

* Based on observations with ISO, an ESA project with instrumerf3€ broad dust emission bands vary from source to source and
funded by ESA Member States (especially the PI countries: Frarféplore the reasons for these changes.

Germany, the Netherlands and the United Kingdom) and with the par- This Letter presents the results of an on-going ISO spectro-
ticipation of ISAS and NASA. scopic guaranteed time program devoted to the study of compact

** SWS is a joint project of SRON and MPE (DARA grants ndHIl regions in the Galaxy. Here, we concentrate on the infrared
50 Q19402 3 and 50 QI8610 8) with contributions from KU Leuven,
Steward Observatory, and Phillips Laboratory. Send offprint requests to: P.R. Roelfsema (pjotr@sron.rug.nl)
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Fig. 2. Continuum subtracted SWS 6-}1&n spectra of the six compact

Fig. 1. The ISO SWS spectra of six compact HIl regions between | regions shown in Fig. 1

and 12um. The sources are IRAS: 18116-1646 (a), 18162—-2048 (b),
19442+2427 (c), 21190+5140 (d), 22308+5812 (e) and 18434-0242
) The six compact HIl regions show a very rich spectrum
between 6 and 12m with intense atomic fine-structure lines
emission features in six compact HIl regions. A description of [Arll], [Arlll], [SIV] and Pf « (a detailed discussion of the
the SWSis given by de Graauw et al. (1996), and the wavelengtbmic lines will be given in a forthcoming paper), and the series
and flux calibration are described in Valentijn et al. (1996) araf broad and strong emission bands at 6.2, 7.7, 8.6 anduth.2
Schaeidt et al. (1996), respectively. The quality of the present data allows one to distinguish many
more details than in previous studies (e.g., Cohen et al. 1989)
as well as to detect new weak dust bands.

The 6.2um dust band extends from 6.08 to G with a
We selected six representative cases of compact HIl regi@tsep increase on the short wavelength side and a pronounced
from the sources observed to date (Table 1). The observatianisg at longer wavelengths. The apparent excess emission
were carried out using the SWS AOTO1 full scan observimateau between 6.4 and 7.2n is likely to be related to C-
mode, at speed 2. The spectra were reduced using the stan@astretching modes of carbon-related particles and could be
SWS Interactive Analysis (IA) reduction programs. The absdue to a series of unresolved emission bands (Allamandola et
lute flux calibration was based on calibration files available al. 1985). The 7.m band extends from 7.2 to 8xm and
version 4.1 of the off-line processing pipeline. In this paper vappears to be composed of two emission bands: the strongest
concentrate on the region between 6 and:frcorresponding one peaking at 7.6Qm and the second weaker one at 7,88.
to bands 1 and 2 of the SWS where the calibration accuracylisis double peakis also seen in other types of sources (Bregman
estimated to be of the order of 20% . The spectra are displayé&¥89, Beintema et al. 1996, Molster et al. 1996). The816
in Fig. 1 rebinned to a resolution of 400. Fig. 2 shows the sarhand extends te- 8.90um and until the next band at Jdm
data continuum subtracted. In Table 1 the distance to the $ha continuum level is very low coming back to the level it had
(Dsun), and total luminosity (k) are listed together with the just before the start of the 6,2m band. This reinforces the im-
intensity ratios for the observed dust emission bands. pression that, in most cases, the 6.1 to &9 region mainly

2. Observations and results
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Table 1. Properties of the sources and relative intensities. The values Model PAH spectra
on the bottom line are from Cohen et al. (1989).

IRASname DRun Lot Intensity ratio
(kpc) (101L®) 33 62 76 7.6 1104

112 7.6 86 112 1120

18116-1646 4.4 15.8 0.25 050 5 1K 0.2
18162-2048 1.9 2.8 0.15 0.10 5 11 0.1 a) Neutral compact PAHs
194422427 2.3 54 025025 6 11<0.2

211905140 6.8 135 0.250.30 7 5 0.2
223085812 5.7 8.8 0.30 0.30 9 8 0.2
18434-0242 7.4 22.2 0.350.20 06 6 0.3
typical HIl region: 043 058 - 3 -

Flux (arbitrary unts)
o ~N
F
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b) Compact PAH ions

4

consists of emission bands with little or no continuum emis- 2
sion (exceptions are IRAS 21190+5140 and IRAS 18434-0242,
where the mid-infrared continuum is very strong - Fig. 1d and ©) Non—compoact PAH ions
f). This high feature to continuum ratio strengthens the idea that s 5 7 8 9 10 " 12
these infrared emission features are carried by molecular-sized Wovelength (um)

spgmes which e.m.lt N ngl-deflned bands rather than dust graﬁa 3. Laboratory measurements between 5 anduf®? of neutral
which would emitin continuum as_well. Thewell-knownl Aufin compact PAHs, compact PAH ions, non-compact PAH ions (from top
band peaks at 11.20m and also_dlsplays an asymmetnclshagg bottom). See text for details

towards longer wavelengths (Witteborn et al. 1989). Besidesthe )

11.20um feature, an additional feature at 11 ,0d is present 3- Discussion

which, in most cases, is much weaker than the 1L@Wand. | jely, the infrared emission features are not due to a single
In the case of IRAS 18434-0242, the 11/ band is Very c4prier pyt instead represent emission from a whole family of
strong with an intensity almost half that of the 1120 band gpecies. Moreover, these PAHs are probably ionized by the
(Fig. 2f). Suchasecondary 11.04n emission feature has beenyyong Uy radiation field in the photon-dissociation regions
reported earlier by Roche et al. (1991). surrounding the HII regions. In order to further identify this
family of carriers and to study the relative intensities of the
The relative intensities of the PAH bands in the wavenid-infrared bands reported above, the spectra of a number of
length region from 6 to 12m display significant variations neutral and ionized PAHSs, isolated in Argon matrices, were mea-
from source to source (Table 1). Note that the emission bandated at the Astrochemistry Laboratory at NASA Ames (Hud-
3.3 um (not shown in this paper - a full discussion of the congins et al. 1994; Hudgins & Allamandola 1995). The width
plete set of dust bands in the infrared regime is deferred tmfathe absorption features measured in the laboratory is dom-
subsequent paper) is also included for completeness. The niated by solid state effects, i.e. interaction with the matrix.
dramatic change in relative intensities is seen between the [h&ontrast, the linewidth of IR emission features from vibra-
and 8.6um bands. In most of the sources observed to date, timnally hot molecules is dominated by non-radiative energy
7.6 um band is stronger than the 8§4n band by a factor 5-10. redistribution among many levels (Jortner et al. 1969). The ob-
However, in the case of IRAS 18434-0242, the g6 band is served linewidth of the narrowest interstellar emission bands
almost twice as strong as the 7uf1 band. Similar trends are(~50 cnT?) is consistent with measured rates for intramolec-
also reported by Joblin et al. (1996) for the 8.6/1ArR ratio in  ular energy transfer between the vibrational modes. Hence for
the reflection nebula NGC 1333 and by Verstraete et al. (19%&ch PAH, using measured peak positions and relative strength
towards the Hll region of M 17. A change in relative intensief the various IR absorption bands, an intrinsic emission spec-
ties is also seen between the 11.04 and 1L/R0bands. The trum has been constructed adopting a gaussian line profile with
11.04um band is typically up to 1/5 of the 11.20m band ex- a FWHM of 50 cnt!. These theoretical emission spectra have
cept in IRAS 184340242 where the ratio has a value of 0tBen been summed over a distribution of PAHs in various ioniza-
The strength of the 11.04m feature could be related to thation stages. No correction for the emission temperat&00
of the 8.6pum bands. Finally, the relative intensities of 3.3 t&) has been applied, since over the relevant wavelength range
11.2pm and 6.2 to 7.6um do not appear to show large varisuch corrections would be small.
ations from source to source (apart from IRAS 18162-2048). The spectrum of a collection of neutral PAHSs is shown in
The typical ratios for these bands are found to be 0.25 and (F8j 3a. We concentrate here on compact PAHs, which are ther-
respectively, somewhat below the average values found by @mdynamically most stable. As is well known, the spectra of
hen et al. (1989). neutral PAHs are dominated by the out-of-plane C-H bending
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contrast, in the other sources, the PAH population resemble

more directly that of the general ISM where formation and de-

struction processes, operating ovet ¥, have lead to a steady

state distribution which concentrates on the more stable com-

pact PAHs.

4. Conclusions

The population of interstellar PAHs is expected to be very wide
and diverse. As a result, the PAH population of any specific
source will be very sensitive to the local physical conditions. The
spectra of compact HIl regions presented here show a first hint
of this spectral diversity. The SWS on ISO will make available

a large set of homogenous spectra on a variety of sources. Such
a data set, in combination with a dedicated laboratory study
of a wide variety of PAHSs, will enable us to disentangle the
contribution from the individual PAHs and ultimately to reach
the holy grail: the identification of the grandPAHSs of them all.
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