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NGC 7027 is a highly energetic young
planetary nebula. In the visible
spectrum, the nebula appears as a
bright ring surrounding the central UV
source. Narrow-band PAH images
(bottom) show the PAH dust emission to
be more evenly distributed in a ‘box-like’
pattern. Placing the FLITECAM slit along
the brightest ring portion shows a very
strong PAH feature, in addition to helium
and hydrogen emission.

Although they are less dramatic than their explosive supernova counterparts, planetary nebulae are important contributors to the chemistry of the ISM. This is especially true in the role they are believed to play in the generation
of Polycyclic Aromatic Hydrocarbons (PAHs)—assemblies of benzene-like rings of carbon dust which, when excited by UV photons, relax through emission in broad bands throughout the infrared. PAHs are observed in
multiple astronomical phenomena, most notably in star forming regions, which has led to their use as a marker for estimating star formation rates in distant galaxies. Understanding the formation environments of PAHs is
therefore essential to multiple aspects of Astrophysics. Using ground-based (Lick) and stratospheric (SOFIA) observations of the ~3-5 micron spectra of young planetary nebulae obtained by the SOFIA instrument FLITECAM,
we investigate the spatial distribution and spectral variation of the 3.3 micron PAH feature, its associated aliphatic features and set limits on the theoretical contribution of the 4.4-4.8 micron deuterated-PAH features.
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SOFIA is a joint US/German program. For
more information about SOFIA see:
https://www.sofia.usra.edu

Above: Narrow band images of NGC 7027 in each band

This resulted in a data cube with two spatial and 
one spectral dimensions, yielding a spectra at 
each point in the nebula. The flux from the 
atomic features was fitted with Gaussians, while 
the underlying PAH plateau was modeled by a 
series of line segments. We then measured the 
total flux from each hydrocarbon feature.
Treating each of these features separately
allowed creation of narrow band images of NGC
7027 in each band.
From the figures and the contours the
differences in morphology are quite striking:
• Atomic features show an obvious ring-like

morphology
• Hydrocarbon features exhibit bipolar

distribution

Above: Narrow band images of NGC 7027 in 
continuum and the 3.3 micron PAH feature 

Above right: Emission contours for NGC 7027 for 
He emission (left) and PAH emission (right)

Left: Keck-NIRSPEC 3-micron spectra from NGC 
7027 with hydrocarbon features labeled

Above: Feature flux along a central cut across NGC 
7027 Below: Comparison of feature behavior in the 
southern half of NGC 7027
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Three additional PNs were observed on
SOFIA with FLITCAM, IC 5117, PNG 0939
and BD +303638. All three had known PAH
features, but only BD +30 had measured
emission in the weak 5.25 micron PAH
band, which can be seen easily in PNG
093.9-00.1, and possibly in IC 5117.

PNG 093.9-00.1 shows evidence of
aliphatic emission structure similar to that
found in NGC 7027. the other two PNs
show a slight plateau at ~ 3.4 microns,
which may be evidence of aliphatic
emission, but do not show the additional
structures expected at 3.46, 3.52 and
2.56 microns. Deuterated PAHs
(expected to emit at 4.5 and 4.7
microns), are not detected in these
measurements.

Clockwise from above): 2.8 to 5.5 micron spectra of three 
young Planetary nebulae observed on SOFIA with FLITECAM., 
PNG 093.0-00.1, BD +303638, and IC 5117.
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In order to investigate the spatial
variation of the 3.3 micron PAH
feature and its associated aliphatic
3.4 micron feature, we used the
NIRSPEC instrument on the Keck
telescope to construct a spatially
resolved spectral data cube with over
600 spectra across the entire extent
of the nebula by:

• Pointing the NIRSPEC slit at 15
evenly spaced locations across
the nebula, from 5 arcseconds W
to 10 arcsec E of the central
point source.

• Pointings were separated by
steps of one arcsecond

• Each each slit pointing was then
divided into forty 3 pixel sections.

3.56 and 3.46 micron features

Plateau

Taking a cut across the middle slit pointing
(the slit pointing that includes the central
object) shows the difference in the flux of
each emission feature more quantitatively
Several of the hydrocarbon features, most
notably the 3.40 micron feature and the
3.51 micron features as well as the 3.56
micron feature and the 3.46 micron
feature exhibit similar behaviors when
examined near the southern (brightest)
emission bump. This would suggest
common carriers for these related
emission features

• The point of maximum flux in the
hydrocarbon bands is located further
from the central object than that of the
atomic features.

• Much of the hydrocarbon emission is
located within the classical ‘ring’ of NGC
7027, and is diffuse in nature


