PROCEEDINGS

OF SCIENCE

The nature of circumstellar hydrocarbons

G. C. Sloan,” E. Lagadec,? A. A. Zijlstra,® K. E. Kraemer,* A. P. Weis,>® M. Matsuura,’
K. Volk,® E. Peeters,® W. W. Duley,'° J. Cami,® J. Bernard-Salas,!! F. Kemper,1? & R. Sahai'®
LCenter for Radiophysics and Space Research, Cornell Usityer
2Observatoire de la Cote d’Azur
3Jodrell Bank Centre for Astrophysics, University of Marstee
4Institute for Scientific Research, Boston College
SResearch Experience for Undergraduates, Department adainy, Cornell University
6Department of Astronomy & Astrophysics, Columbia Univgrsi
Astrophysics Group, Department of Physics & Astronomyyehsity College London
8Space Telescope Science Institute
9Department of Physics & Astronomy, University of Westerta@n
1%Department of Physics & Astronomy, University of Waterloo
Hpepartment of Physical Sciences, The Open University
12pcademia Sinica, Institute for Astronomy & Astrophyscs
13Jet Propulsion Laboratory, California Institute of Techogy
E-mail: sl oan@sc. astro. cornel | . edu

Infrared spectroscopy of carbon-rich objects past the asytic giant branch reveals a rich variety
of dust, including fullerenes, polycyclic aromatic hydaoisons (PAHS), aliphatic hydrocarbons,
the unknown carrier of the 2Im feature, and the 26—30n feature which may arise from MgsS.
Many of the spectra also show a strongi feature due primarily to SiC. With these spectra,
we can refine the newly identified Class D PAH emission, whiws unusual spectral structure
at 7-9 and 11-14m. This sample also reveals the presence of alkyne hydrocddatures in
spectra which also show the Rin feature. The photometric properties of the spectra suidjoets
we detect fullerenes when we have a clearer line of sightga@émtral regions of young planetary
nebulae.
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Figure 1: Examples from the spectral groups defined from the carbanMagellanic post-AGB sample.
SMP LMC 056 is a new detection of fullerenes.

This contribution highlights the results of our study ofared spectra of carbon-rich objects in
the Magellanic Clouds between the asymptotic giant braAGB() and fully developed planetary
nebulae (PNe). Sloan et al. (2014; [6]) present a more cdmplealysis and discussion. The
sample was observed using the Infrared Spectrograph ([RB)oh the Spitzer Space Telescope
([7]), and it includes 42 carbon-rich post-AGB objects ie ttlagellanic Clouds observed as part
of severalSpitzerprograms. The PNe in our sample are young, and while theyharevdrmest
objects in our sample, they are simultanouesly the PNe Wéltbolest central sources.

Fig. 1 illustrates the different spectral groups in our seEmphe young PNe frequently show
fullerene emission features at 6.5-8.5, 17.4, and W9 We classify these sources as Fullerene
or Mixed, depending on whether the 6g8 region shows just fullerene features or a mixture of
fullerenes and PAH features. By measuring both the widthparsition of the 18.9um feature, one
can disentangle it from the 18um [S IlI] forbidden line, even at low spectral resolution. Ma
of the spectra of carbon-rich PNe show a broaduiifeature which is predominantly SiC. The
Big-11 group is defined as those spectra showing this feduwir@o evidence of fullerenes. The
remaining groups show PAH-like emission features (PAH)ligr the 21um and related features
(the 21um group), or they are very red and show no clearly definableifes in their spectra (the
Red group).

Fig. 2 focuses on some features which can dominate the apeslow~15 pum. Our larger
paper ([6]) compares the Big 11 spectra to SiC profiles ofaagbars in the Magellanic Clouds and
the Galactic Halo and shows that the big-11 feature consigttly of SiC emission, with residuals
from PAHs. The Class D PAH emission defined by Matsuura et2@l14; [3]) actually shows
two distinct sub-classes, with Class D2 showing no minim@tween the 7.85 and 816n PAH
components and a different structure in the 11gfmregion, with the features usually observed
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Figure2: Left: SiC emission, as seen in carbon stars (green and blue trdoesinates the big-11 feature
(red trace). The residual arises from PARSght: Examples of Class D1 and Class D2 PAH emission.
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Figure 3: Left: Laboratory spectra of four alkyne species, based on datatine NIST Chemistry Web-
Book. Right: Spectra of four of the 2fum spectra, chosen to exemplify the variations in the strenghd
positions of the 15.8 and 17pin features. The 2fim feature is actually centered at 2Qu® in our sample.

at 12.0 and 12.m shifted to~12.4 and 13.24m. The cause of these shifts is uncertain, but the
presence of aliphatics in aromatic samples is known to giefresonances to longer wavelengths
(e.g. [5]; [4]).

The 21um sources show several spectral features alongside thie 2dature, including Class
D1 or D2 PAH emission and emission features at 15.8 andi#.Fig. 3 compares the laboratory
spectra of four simple alkynes with some examples from theni2group in our sample. The 15.8
and 17.1um features can be fit reasonably well with propyne and relalipthatic hydrocarbons.
Propyne (CH=C—CHg) and longer alkyne chains (with additional €groups) all show 15.8m
features. Fig. 3 includes a spectrum of 2 4—hexadiyne3(GE=C—CEC—CH3) Where the triple

observed feature at 17(@n. Thus this class of aliphatics could explaln the preseridevo of
the spectral features commonly associated witlhurRlemission. Six of the 11 spectra with fdn
features also show Class D2 PAH emission, and the possibleection of D2 emission to aliphat-
ics adds to the growing body of circumstantial evidence ecting the 2Jum feature to aliphatic
hydrocarbons (e.g. [1]).
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Figure4: The distribution of our sample in color-color space, opt{teft) and infrared (ight).

Fig. 4 shows the distribution of our sample in optical anddrdd color-color space. The
sources showing the clearest fullerene spectra are thethiuB—V, suggesting that we have the
clearest line of sight to the central regions of the PNe whercan see fullerenes. The infrared
colors of the fullerene sources are tightly constrained el§ w
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