Extinction and PAH intensity variations across the
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The spatial variations in polycyclic aromatic hydrocarbon (PAH) band intensities are generally
attributed to variations of the physical conditions in the environment hosting the emitting PAH
molecules. However, in recent years, it has been suggested that such variations are caused mainly
by extinction. To resolve this question, we have obtained near-infrared (NIR), mid-infrared (MIR)
and radio observations of the compact HII region IRAS 12063-6259. We use these data to construct multiple independent extinction maps and to measure the main PAH feature intensities (6.2,
7.7, 8.6 and 11.2 µ m). Three extinction maps are derived: the first using the NIR hydrogen lines
and case B recombination theory; the second combining the NIR data, radio data and case B recombination; and the third making use of the Spitzer/IRS MIR observations to measure the 9.8
µ m silicate absorption feature intensity using the Spoon method and PAHFIT. We conclude that
different areas of IRAS 12063-6259 possess markedly different extinction properties, with some
regions displaying both silicate absorption and corresponding NIR extinction, and other regions
displaying NIR extinction and no corresponding silicate absorption. While such breakdowns of
the relationship between the NIR extinction and the silicate absorption strength have been observed in molecular clouds, they have never been observed for HII regions. We then compare the
PAH intensity variations in the Spitzer/IRS data after dereddening to those found in the original
data. Generally it was found that the PAH band intensity variations persist even after dereddening,
implying that extinction is not the main cause of the PAH band intensity variations.
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1. Introduction

2. Extinction Variations in IRAS 12063-6259
In this work we first measured extinction by comparing the fluxes of hydrogen recombination
lines to that predicted by case B recombination theory [5]. Observations of Paschen β and Brackett
γ were obtained using the ISAAC instrument on the VLT for this purpose. Independently of this
measurement, the depth of the silicate absorption feature in the Spitzer/IRS cube was measured
using an adapted version of the Spoon method (Figure 1, left; [7]). A third map was constructed
using recombination lines and radio continuum measurements which we will not discuss further
here.
In Figure 1 (right), we show the relationship between extinction as measured in the two different ways. It is clear that the silicate absorption varies significantly across IR12063, while the
NIR extinction remains approximately the same. The surrounding regions of IR12063 (labelled
‘IR12063 - diffuse’ in Figure 1 right) behave as expected, following the diffuse ISM (dISM) relationship [3]. The central regions of IR12063 (labelled ‘IR12063 - radio B’) show a very different
level of silicate absorption (near zero) while retaining the high near-IR extinction. Variations in the
relationship between these quantities have been observed before (e.g. the dISM and MC tracks in
Figure 1, right) but not for HII regions. In IR12063 the relationship between silicate absorption and
NIR extinction varies more on scales of a few parsecs than the observed variation between separate
molecular cloud and dISM sightlines.

3. PAH Correlations for IRAS 12063-6259
Here we compare the observed PAH variation correlations in a) the data as observed (i.e.
affected by extinction), b) the data dereddened using the NIR extinction map and c) the data dereddened using the Spoon method extinction map. In each case the dereddening was performed using
the extinction law given by [2]. These data, in the form of correlation plots, are shown in Figure 2.
The first correlation considered, 7.7/11.2 vs 6.2/11.2, is strongly affected by extinction. Strong
silicate extinction preferentially attenuates the 11.2 µ m band while the 6.2 and 7.7 µ m bands are
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In recent years it has been suggested that the observed intensity variations of the polycyclic
aromatic hydrocarbon (PAH) bands which dominate mid-infrared (MIR) spectra are generated by
extinction, rather than the physical properties of the emitting PAH population [1]. Such variations
are commonly detected in most astrophysical contexts and found to be remarkably consistent within
and between objects (e.g. [4]). Moreover, the ubiquity of both the variations in PAH intensities and
presence of extinction makes it attractive to suggest that they may be linked.
Here we measure spatial variations in the extinction for the ultra compact HII region IRAS
12063-6259 (hereafter IR12063) in several different ways. These extinction maps were then used
to deredden a Spitzer/IRS spectral cube of observations of IRAS 12063-6259. The PAH bands,
and correlations, were then measured in both the observed and dereddened cubes. In addition we
compared the resulting extinction maps and found unprecedented new behaviour. Full details can
be found in the full article [8].
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Figure 2: Correlation plots for PAH emission in IR12063. The red, green and blue points represent the non
extinction corrected data, the data corrected using the NIR extinction map and the data corrected using the
silicate extinction map respectively. The dashed lines represent the best fit slopes for each correlation and
the black arrow is a dereddening vector representing AK =1.

affected equally, which stretches the correlation equally in x and y (i.e. the extinction vector shown).
Coincidentally for 7.7/11.2 vs 6.2/11.2, the gradient of the extinction vector closely matches that
of the correlation, so increased extinction amplifies the correlation coefficients. This also leads
to a situation where uncertainties on the extinction measurements do not significantly affect the
correlation, as the variations are parallel to the correlation.
In contrast, the other two correlation plots involve the 8.6 µ m band – which is affected by
silicate absorption almost as much as the 11.2 µ m band. For both 7.7/11.2 vs 8.6/11.2 and 6.2/11.2
vs 8.6/11.2 the correlations are much more scattered for both the observed and dereddened data.
This is because the numerator bands are not evenly affected by silicate absorption as in 7.7/11.2 vs
6.2/11.2. The differences in measured extinction then lead to reduced correlation coefficients and
3
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Figure 1: Left: Typical MIR spectra for IR12063. The red and blue lines represent high and low extinction
regions respectively. The thin straight lines represent power law continua for each spectrum to which the
observed spectrum is compared to find the extinction (the Spoon method). The red dotted and dashed lines
show the spectra dereddened using the [2] extinction law before (dotted) and after (dashed) our modification
of the Spoon method. Right: The relationship between NIR extinction and silicate absorption at 9.8 µ m. In
black we have included trends found for the diffuse ISM (dISM) and molecular cloud material (MC) given
by [3], along with their data points as black crosses. Points from the surroundings and core of IR12063 are
shown in blue and red respectively, the spectra shown in Figure 1 are representative of these regions (colours
reversed). A selection of ISO spectra of UC HII regions drawn from [6] were measured in the same way are
shown as black triangles.
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wildly varying slopes. Moreover, the two different extinction measures actually seem to change the
slopes in opposite ways.

4. Conclusions
1. Silicate and NIR extinction are spatially decoupled across IR12063,
2. extinction can affect all of the PAH band correlations, but preferentially those involving the
8.6 and 11.2 µ m bands,

4. After extinction corrections, PAH correlations persist: extinction is not the main cause of
PAH intensity correlations.
5. However, the 6.2 vs 7.7 correlation is actually improved by extinction, because the extinction
vector is parallel to the correlation.
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3. for the 6.2 vs 8.6 and 7.7 vs 8.6 correlations, dereddening with different extinction measurements changes the derived correlation slopes in opposite ways!

