Boletim da Sociedade Astronômica Brasileira, 32, no. 1, 163-164
c SAB 2020

Polycyclic Aromatic Hydrocarbons in Luminous Infrared Galaxies
Y. Martins-Franco & K. Menéndez-Delmestre
1

Valongo Observatory - Federal University of Rio de Janeiro, Brazil. e-mail: yanna11@astro.ufrj.br

Abstract. Luminous and Ultra-Luminous Infrared Galaxies, although locally rare, become the dominant contributors to star
formation at z ≥ 1. Likely associated to the dust-rich phase that follows the merger of gas-rich galaxies, these systems are of great
interest in the context of the formation of massive galaxies. The power engine of U/LIRGs seems to have a mixed nature between
pure starbursts and strong active galactic nuclei (AGN). Our work seeks to explore the impact that the radiation field from an AGN
or a star-forming region may have on the astrochemistry of the interstellar medium in these galaxies. In particular, we study the
impact of the radiation field on Polycyclic Aromatic Hydrocarbons (PAHs) in terms of ionization state, size, and composition. For
this, we focus on a sample of local U/LIRGs from the GOALS sample and exploit their mid-IR spectra, taken with the InfraRed
Spectrograph (IRS) onboard Spitzer. We decompose the spectra of these galaxies to isolate the PAH emission and to determine the
molecular diversity of PAHs using the NASA Ames PAH IR Spectroscopic Database. We find that the PAH molecules that dominate
the emission in these dusty systems are small (< 50 carbons), neutral and with a chemical composition mostly restricted to carbon
and hydrogen. We analyzed the diversity of PAHs according to the merger state and observe no difference in molecular abundance
between the different stages of interaction present in our sample. Most interestingly, we noted an increasing trend of ionized PAHs
for galaxies with higher AGN contribution.
Resumo. Galáxias Luminosas e Ultra Luminosas no Infravermelho, apesar de raras localmente, se tornam as contribuidoras
dominantes de formação estelar em z ≥ 1. Comumente associadas a fase rica em poeira que se segue à interação de galáxias ricas
em gás, esses sistemas são de grande interesse no contexto de formação de galáxias massivas. O combustível energético de U/LIRGs
parece ter um natureza mista entre starbursts puros e forte atividade galáctica nuclear (AGN). Nosso trabalho visa explorar o impacto
que o campo de radiação que um AGN ou uma região de formação estelar pode ter na astroquímica do meio interestelar dessas
galáxias. Em particular, nós estudamos o impacto do campo de radiação em Hidrocarbonetos Policíclicos Aromáticos (PAHs) em
termos de seu estado de ionização, tamanho e composição. Para isso, focamos em uma amostra de U/LIRGs locais do levantamento
GOALS e exploramos seus espectros no IV-médio, obtidos com InfraRed Spectrograph (IRS) a bordo de Spitzer. Nós decompomos
os espectros dessas galáxias para isolar a emissão dos PAHs e determinar a diversidade molecular dos PAHs usando NASA Ames
PAH IR Spectroscopic Database. Nós encontramos que as moléculas de PAHs que dominam a emissão nesses sistemas empoeirados
são pequenas (< 50 carbonos), neutras e com uma composição química restrita a carbono e hidrogênio. Nós analisamos a diversidade
de PAHs de acordo com o status de interação e não observamos diferenças na abundância molecular entre os diversos estágios de
interação presente em nossa amostra. O mais interessante é que notamos uma tendência crescente de PAHs ionizados para galáxias
com maiores contribuições de AGN.
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1. Introduction
LIRGs and ULIRGs seems to have a mixed nature between pure
starbursts and AGN. Their dust content provides us a tool to
study the energy sources behind the infrared luminosity of these
objects, as PAH strength and slope of dust continuum (Lutz
1998; Laurent 2000), spectral features visible at mid-infrared.

2. Methodology
To characterize PAHs in the interstellar medium of LIRGs and
ULIRGs, we use the sample of Great Observatories All-sky
LIRG Survey (GOALS; Armus 2009). This sample comprises
180 LIRGs and 22 ULIRGs of low redshift (z ≤ = 0.088). We
relied on low-resolution IR spectroscopy taken with IRS/Spitzer
to undertake our analysis.
The mid-infrared spectra of U/LIRGs are mainly composed
of dust continua, PAHs bands, emission lines and stellar continua. To study the impact of the radiation field associated with
an AGN or a star-forming region in the PAH population, we isolate the contribution of PAHs using the PAHFIT (Smith 2007)
tool. Figure 1 shows an example of the spectral decomposition
made by PAHFIT into dust continua, emission from PAHs and
atomic/molecular lines.

Figure 1. The PAHFIT decomposition tool allows us to isolate
the emission strictly associated to PAHs. Here we show this first
step in our methodology for the mean spectrum of our sample.

Once we separated the PAH component in our spectra, we
used the NASA Ames PAH IR Spectroscopic Database (PAHdb,
Bauschlicher 2010) to classify the molecules. PAHdb uses a nonnegative least squares fit to compare the observed PAH emission with the theoretical vibrational transitions presents in the
database, providing a list of species that could be responsible for
the mid-IR bands. This allows us to identify the classes of PAHs
in terms of molecular size, ionization degree, and composition.
The result of this process can be seen in Figure 2, for a mean
spectrum of the sample.
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Figure 2. Molecular classification of the species found by
PAHdb. The top panel shows the input and the output of the
tool; the bottom panel indicates the decomposition into neutral,
charged, small, and big molecules. The dotted vertical lines correspond to the position of the main bands of PAHs in 6.2, 7.7,
11.3 and 12.7 microns.
Finally, we calculated the total flux associated to each PAH
family through numerical integration, considering the wavelength ranges of the individual bands. This allowed us to compare the contribution of each PAH class, by size or ionization.

3. Results and Discussion
The general behavior we found was the predominance of neutral and small (< 50 carbons) species (Figure 3) The only exceptions to this trend are: a well-balanced blend between small
and big PAH molecules for the 11.3µm PAH feature and an inverted trend for the 7.7µm feature, with a larger contribution
from charged PAHs.

Relative contribution to total PAH flux (%)

AGN fraction obtained by Díaz-Santos (2017) for the GOALS
sample. We do not see any significant trend of PAH size with
different AGN contributions; that is, the proportion of small-big
PAHs remains reasonably unchanged in systems with varying
contributions from an AGN. On the other hand, our results tentatively point to an increase in charged PAHs in LIRGs/ULIRGs
that have a higher contribution from an AGN (Figure 4).
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Figure 4. Contribution of PAH classes in terms of their hosts’
AGN strength. The left panel shows the abundance of PAHs by
size and the right represent the abundance of PAHs by charge.
We note a slight upward trend in production of charged PAHs
for stronger AGNs.
Considering that our sample comprises a wide range of
merging stages, from non-interacting galaxies to early- and late
stage merging systems (Stierwalt 2013), we analyzed the impact
of a merger on the PAH population. We observe no change in
PAH class abundance as a function of merger state. Since AGN
activity is expected to increase as a merger advances, it is not
straight-forward to disentangle these two effects.

4. Conclusion

Figure 3. Contribution of neutral (blue), charged (orange), small
(green) and big (red) PAHs in our sample.
Draine & Li (2001) showed small PAHs emits at 6.6 and
7.7µm features. Their results support our work, except by
12.7µm, where we see a predominance of small PAHs. We believe that is due to contamination of [NeII]12.8 , which was not
correctly deconvoluted to the band. While for charge Draine &
Li (2001) point out that ionized PAHs are associated with 6.2
and 7.7µm, and the neutral species are related to 11.3 e 12.7µm.
Our result diverges for the 6.2µm, where we suggest that could
be a contamination by ice absorption (Spoon 2004) or an underrepresentation on PAHdb of the nitrogen substituted molecules,
which have the signature at 6.2µm (Canelo 2018).
We consider how the contribution from different PAH classes
(neutral, charged, small, big) changes with the strength of the
AGN in each galaxy of our sample. We do this in an attempt to
understand the impact that different radiation fields may have on
the PAH population. We analyzed this dependence based on the
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We performed a theoretical and observational approach to analyze PAHs in the IRS/Spitzer spectra of U/LIRGs from the
GOALS sample, through a spectral decomposition and molecular categorization by size and charge.
The decompositions showed almost 100 different molecules
with neutral, small and those PAHs containing only carbon and
hydrogen being more abundant in our sample. There is a tentative trend of more charged PAHs for galaxies with a stronger
AGN contribution. We do not see any change in PAH population as a function of merging stage, but further investigation in
needed to understand the implication.
Our project takes advantage of the currently available data to
study the global relation between PAHs and the radiation field in
galaxies. It presents a methodology for the kind of analysis that
will be very common with the James Webb Space Telescope.
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