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Synopsis:

Aromatic Emission:

We report on work in progress
towards spatially mapping
aromatic feature emission (AFE) in
the Large and Small Magellanic
Clouds using Spitzer IRAC and
MIPS observations from the SAGELMC and SAGE-SMC surveys. This
application is part of a larger
effort to reliably measure AFE
with broad-band photometry, as a
means for extending such studies
into regimes where spectroscopy
may not be feasible, such as large
samples of galaxies, faint targets,
and extended objects. The latter
two conditions apply to the
Magellanic Clouds, which
nevertheless provide the best
opportunity for a detailed study
of the relationship between
aromatic emission and its
environment.

The rest-frame mid-IR portion of many observed galaxy
spectra (see Figure 1) is dominated by aromatic feature
emission (AFE), with prominent bands at 6.2, 7.7, 8.6, and
11.2 microns. These features result from molecules generally
believed to be Polycyclic Aromatic Hydrocarbons (PAH)
containing 10-1000 C atoms, with different bands
corresponding to molecules of different sizes.
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Figure 1: The spectral energy distribution of the galaxy M82 (from Kennicutt
et al. 2003 [PASP, 115, 928]) with the Spitzer imaging bands shown.

The SAGE Surveys:

AFE strength is well-correlated with independent measures of the rate of
star formation (SFR) in luminous and metal-rich galaxies (e.g., Roussel et
al. 2001 [A&A, 372, 406], Förster-Schreiber et al. 2004 [A&A, 419, 501],
Dale et al. 2005 [ApJ, 633, 857], Dale et al. 2007 [ApJ, 655, 863]), and
has been used as a primary SFR indicator in high-redshift galaxies (e.g.,
Daddi et al. 2005 [ApJL, 631, 13], Pérez-González et al. 2005 [ApJ, 630,
82], Yan et al. 2005 [NewAr, 49, 420], Valiante et al. 2007 [ApJ, 660,
1060]). However, this correlation is nonlinear (Calzetti et al. 2007 [ApJL,
666, 870]), weakens for galaxies with metallicities below 0.3-0.5 solar
(e.g., Engelbracht et al. 2005 [ApJL, 628, 29], Rosenberg et al. 2006 [ApJ,
636, 742], Wu et al. 2006 [ApJ, 639, 157]), and aromatic emission is
known to be influenced by other factors such as the strength and hardness
of the local radiation field (e.g., Boselli, Lequeux & Gavazzi 2004 [A&A,
428, 409], Madden et al. 2006 [A&A, 446, 877]).

The Large and Small Magellanic Clouds (LMC and SMC, respectively)
provide unique opportunities to spatially map aromatic feature emission
(AFE) in systems close enough (approximately 50 to 60 kpc) to sufficiently
resolve individual stars and their surrounding interstellar medium.
Furthermore, the LMC and SMC probe different metallicity regimes (with
the latter falling below the 0.25-0.33 Z⊙ threshold for rapid reduction in
AFE (Engelbracht et al. 2005 [ApJL, 628, 29], Draine et al. 2007 [ApJ, 663,
866])). Thus, the Magellanic Clouds allow for an investigation of the
relationship between aromatic emission and other components of the ISM
in a range of environments, yielding more informed interpretation of AFE
observations in more distant galaxies.
SAGE-LMC (formally SAGE; Meixner et al. 2006 [AJ, 132, 2268])
and SAGE-SMC (PI: K. Gordon) are, respectively, imaging surveys
of the LMC and SMC (including the Magellanic Bridge that
connects it to the LMC) made with both the IRAC and
MIPS instruments onboard the Spitzer Space Telescope
(Figure 2). Together, they provide the necessary
ingredients for mapping AFE in the Magellanic
Clouds using an improved photometric approach.
SAGE-LMC observations are now complete, while
Figure 2: The Spitzer
SAGE-SMC is underway and will be finished in 2008.

In order to better understand the nature of aromatic emission and further
investigate its reliability as a SFR indicator, studies of the relationship
between AFE and its local environment are needed. In particular, we
would like to know where aromatic emission originates with respect to
other components of the interstellar medium and what conditions lead to
its destruction or enhancement. To shed light on these questions, we will
need to consider both statistically significant samples of galaxies
representing a wide range of integrated properties and the small number
of closest galaxies which can be studied in far greater detail.

Measuring Aromatic Emission with Broad-band Photometry:
In order to quantify an object's or region's aromatic feature
emission (AFE), one would ideally obtain a mid-infrared
spectrum and fit the corresponding features. For example,
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However, spectroscopically mapping an area as large as the
Magellanic Clouds is not feasible and would be subject to
poor signal-to-noise in less luminous regions. Fortunately,
the IRAC-4 band (approximately 6.4 to 9.6 microns)
includes many of the features of interest (see Figure 3),
making possible an alternative method for measuring
aromatic emission strength with broad-band photometry.
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In Figure 4, we demonstrate two methods for determining the amount of dust
continuum (fcont) in the IRAC-4 band. The red line is the total dust continuum (fit
with PAHFit) corresponding to the stellar subtracted mid-IR spectral template
(courtesy of George Rieke) shown in black. The dust continuum contribution to
IRAC-4 for any given region is taken to be the mean of the red line (within the
shaded region) after scaling the template to match the MIPS-1 minus IRAC-2
color of the region of interest. Alternatively, the teal line shows that a simple
power law between IRAC-2 and MIPS-1 photometry agrees well with the fitted
continuum within the IRAC-4 band.
The reliability of our photometric approach to measuring aromatic emission can
be tested with the SINGS sample (Kennicutt et al. 2003 [PASP, 115, 928]) of
galaxies, for which both IRAC/MIPS photometry and IRS spectroscopy are
available. Figure 5 shows that the two methods for determining fcont agree
similarly well with the spectroscopically determined values derived from PAHFit.
Figure 6: The ratio of the photometric aromatic emission strengths to the
spectroscopically determined values for the SINGS sample of galaxies.

Figure 4: The dust continuum contribution to the IRAC-4 band is estimated
by scaling the fitted dust continuum (red) for a mid-IR galaxy template
(black) or adopting a power law between the IRAC-2 and MIPS-1 bands.

Although the scatter in Figure 5 is significant, the subtracted fcont is a small
fraction of the total IRAC-4 flux. In Figure 6, we directly compare the
residual aromatic emission strengths for the SINGS galaxies (determined
using Eq. 1 and the scaled template continuum fit), with those resulting
from integrating the spectral features directly. Some outliers warrant closer
inspection; however, the modest relative errors validate our initial efforts
to measure aromatic emission using only broad-band photometry.

As is evident in Figure 3, the light detected by channel 4 of IRAC is
primarily comprised of aromatic emission and dust continuum
(stars also emit at these wavelengths; however, they are ultimately
not a concern with respect to mapping the Magellanic Clouds as
they are spatially resolved and can be masked and/or subtracted).
Motivated by Engelbracht et al. 2008 [ApJ, 678, 804] we adopt
the following simple formula for determining the integrated flux
from the aromatic features:
FAFE = ∆IRAC-4 (fIRAC-4 – fcont(8µm)),
where ∆ is the bandwidth in Hertz and f is the flux in Janskys.

Figure 3: Spectral fitting with PAHFit for the case of NGC4536.
Figure 3: Spectral fitting with PAHFit for the case of NGC4536.

Preliminary Results:
Shown here are preliminary
aromatic feature emission
(AFE) maps (based on scaled
template dust continua) for
two selected regions in the
LMC and one in the SMC. All
images have been background
subtracted and convolved to
the MIPS-1 beam. The LMC
data is based on two epochs of
point source subtracted SAGELMC data. The SMC images are
drawn from one epoch of
SAGE-SMC MIPS observations
as well as previous IRAC data
from the S3MC survey (Bolatto
et al. 2007 [ApJ, 655, 212]) –
neither of which have been
point source subtracted.
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Figure 5: The ratio of the photometrically estimated (using two methods)
dust continuum (the mean in the IRAC-4 band) to the spectroscopically
determined values (fit by PAHFit) for the SINGS sample of galaxies.
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The correlation in Figure 6 should soon be tightened further with improved
SINGS photometry more closely matched in aperture to the corresponding
spectroscopy. Also, in the future, this methodology can be improved using
spectral templates derived from regions within the LMC itself (SAGE-Spec,
PI: C. Kemper). With the eventual launch of JWST, photometry at 10 µm
will better constrain the dust continuum in the IRAC-4 band. For the time
being, we can apply the methodology outlined here to the mapping of
aromatic emission in the Magellanic Clouds.

AFE / IRAC-4

The aromatic emission maps in the three
rightmost columns are preliminary and thus
more useful for suggesting potentially
interesting data products than for yielding
confident conclusions. In particular, the SMC
images are clearly affected by the dense field
of unsubtracted stars. With these caveats in
mind, we nevertheless highlight a few points
of interest:
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• The SMC appears to have weaker AFE than
the LMC. This is expected due to the lower
metallicity of the SMC, and has been
previously observed spectroscopically
(Reach et al. 2000 [A&A, 361, 895]). It will
be interesting to see whether there are
exceptions elsewhere in the SMC.
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• Also as expected, the AFE dominates the
IRAC-4 band. In the two LMC regions, the
AFE / IRAC-4 ratio is, on average, ~0.87 and
exceeds 0.7 in ~90% of the image. The
corresponding numbers for the SMC region
are significantly less; however, they are likely
unreliable due to overestimation of the dust
continuum in the wings of as-of-yet
unsubtracted stars.

Preliminary Results
& Future Directions:
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• In the LMC, peaks in MIPS-1 emission
(which trace HII regions) correspond to
decreases in the AFE / MIPS-1 ratio
surrounded by rings of enhancement, possibly
indicating photodissociation regions.
Interestingly, this is not seen in the SMC
region, where surrounding dust grains are
likely subject to a stronger ionization field.

