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ABSTRACT

We investigate the discrepancy between oxygen abundance estimations for narrow-
line regions (NLRs) of Active Galactic Nuclei (AGNs) type Seyfert 2 derived by using
direct estimations of the electron temperature (T,-method) and those derived by us-
ing photoionization models. In view of this, observational emission-line ratios in the
optical range (3000 < A(A) < 7000) of Seyfert 2 nuclei compiled from the literature
were reproduced by detailed photoionization models built with the CLOUDY code. We
find that the derived discrepancies are mainly due to the inappropriate use of the rela-
tions between temperatures of the low (¢3) and high (¢3) ionization gas zones derived
for Hi1 regions in AGN chemical abundance studies. Using a photoionization model
grid, we derived a new expression for t2 as a function of t3 valid for Seyfert 2 nuclei.
The use of this new expression in the AGN estimation of the O/H abundances based
on T,-method produces O/H abundances slightly lower (about 0.2 dex) than those
derived from detailed photoionization models. We also find that the new formalism
for the Ti,-method reduces by about 0.4 dex the O/H discrepancies between the abun-
dances obtained from strong emission-line calibrations and those derived from direct
estimations.
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ABSTRACT

The Sloan Digital Sky Survey (SDSS) has proved to be a powerful resource for under-
standing the physical properties and chemical composition of star-forming galaxies in
the local universe. The SDSS population of active galactic nuclei (AGN) remains as of
yet less explored in this capacity. To extend the rigorous study of H1I regions in the
SDSS to AGN, we adapt methods for computing direct-method chemical abundances
for application to the narrow-line regions (NLR) of AGN. By accounting for triply-
ionized oxygen, we are able to more completely estimate the total oxygen abundance.
We find a strong correlation between electron temperature and oxygen abundance
due to collisional cooling by metals. Furthermore, we find that nitrogen and oxygen
abundances in AGN are strongly correlated. From the metal-temperature relation and
the coupling of nitrogen and oxygen abundances, we develop a new, empirically and
physically motivated method for determining chemical abundances from the strong
emission lines commonly employed in flux-ratio diagnostic diagrams (BPT diagrams).
Our approach, which for AGN reduces to a single equation based on the BPT line
ratios, consistently recovers direct-method abundances over a 1.5 dex range in oxygen
abundance with an rms uncertainty of 0.18 dex. We have determined metallicities for
thousands of AGN in the SDSS, and in the process have discovered an ionization-
related discriminator for Seyfert and LINER galaxies.

Key words: ISM: abundances — galaxies: abundances — galaxies: active

\%

2006.01113v1 [astro-ph.GA] 1 Jun 2020

arXiv

1 INTRODUCTION

Spurred by revolutionary ideas about the nature of gaseous
nebulae (e.g., Strémgren 1939), Menzel applied then-new
ideas about quantum mechanics to emission-line phenom-
ena to develop a working theory of nebular astrophysics,
often in collaboration with Baker and Aller. This enabled
the first empirical estimates of physical properties like elec-
tron temperature (Menzel & Aller 1941) and ionic abun-
dances like O*2/H (Menzel et al. 1941) in gaseous nebulae.
Seyfert, their contemporary, reported the discovery of a new
class of emission-line objects in 1943 that later came to be
known as active galactic nuclei (AGN). While Menzel’s the-

and other Local Group galaxies; and (ii) AGN nebulae have
a more complex ionization structure (e.g., Osterbrock & Fer-
land 2006, henceforth OF06). Sixteen years passed between
the development of a method for the direct estimation of
chemical abundances in the Orion Nebula (Aller & Liller
1959) and the first investigation of metallicity in an AGN
(Osterbrock & Miller 1975). While Koski (1978) and Shuder
& Osterbrock (1981) analyzed the physical properties of the
gas in Seyfert nebulae, and Storchi-Bergmann & Pastoriza
(1990) established the range of metallicities for a sample of
AGN using photoionization models, it was not until Cruz-
Gonzalez et al. (1991) that direct-method abundances (i.e.,
abundan Tmin ing the electron tem
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