Testing Evolutional Sequence between Hidden Broad Line
Region (HBLR) and Non-HBLR Seyfert 2 Galaxies with
the 4000 Angstrom Break

December 14, 2011

1 Scientific Background

1.1 Previous Studies

Seyfert galaxies are classified as radio-quiet active galactic nuclei (AGNs) and further divided into Seyfert 1 and
Seyfert 2, according to their different optical line widths. Based on the unification model (Antonucci, 1993), Seyfert 2
galaxies are considered to be the same objects as Seyfert 1 galaxies, but viewed from a different direction; only narrow
emission lines are presentéft in Seyfert 2 spectra. Photons from broad line regions could be scattered by electrons
and thus might be detectable by polarimetry in Seyfert 2 galaxies. However, previous studies showed that only about
40% - 45% of Seyfert 2 galaxies show polarized hidden broad line regions (HBLR) (Tran, 2003). The reason of the
non-detection of the polarized broad lines in some Seyfert 2 (non-HBLR Seyfert 2) is still under debate. Several
possibilities have been proposed: (1) From the ratios of fa5/ feo, Heisler et al. (1997) suggested that the detectability
of the HBLR in Seyfert 2 galaxies is related to the inclination of the _torus. (2) Some evolutionary processes might
be at work between the HBLR and the non-HBLR Seyfert 2 galaxies (Tran, 2003; Yu & Hwang, 2011). (3) Zhang &
Wang (2006) found that fhe non-HBLR Seyfert 2 galaxies and narrow line Seyfert 1 galaxies have similar distribution
of black hole masses, accretion rates he ratios of fa5/feo. They thus concluded that e non-HBLR Seyfert 2
galaxies are the counterparts of the(NLS1gl at edge-on orientation. (4) From X-ray data, Shu et al. (2007) indicated
that the nuclear activity and obscuration’might play an important role in the visibility of polarized broad lines. (5)
Elitzur & Ho (2009) showed that ttfe broad line regions might disappear at low luminosities in advection-dominated
accretion models. (6) Tran et al. (2011) suggested that some Seyfert 2 galaxies could intrinsically lack broad line
regions. (7) Some Seyfert 2 galaxies might be deficient in scattering material. b

1.2 Metallicity and Dy

Recently, Yu & Hwang (2011) discovered that the [N 11]/Ha ratios of ##e non-HBLR Seyfert 2 galaxies are higher
than those of the HBLR Seyfert 2 galaxies (Figure 1). The [N 11]/Ha ratios can only be reproduced by increasing
nitrogen abundance (Figure 2). The'goresults showed that the non-HBLR Seyfert 2 galaxies must have higher N/O
relative abumdance than #le HBLRgones. Based on evolutionary models of starburst activities, Matteucci & Padovani
(1993) showed that the N/O relative abundance reachesk‘ﬁkmaximum value at about 3 x_10® years. The nitrogen
could be dredged up from red supergiants in the post-main-sequence stage e_mggal‘result in the nitrog 0 overabundance.
Furthermore, due to the secondary nature of nitrogen, the nitrogen abundance is very sensitive the metallicity.
Therefore, the high nitrogen abundance of &e non-HBLR Seyfert 2 galaxies implies that+there couwldbe an evolutionary
connection between the non-HBLR and the HBLR Seyfert 2 galaxies.

Absorption lines could be a better probe of AGN environments. To further investigate the age of the stellar
population around the nuclei of the HBLR and non-HBLR Seyfert 2 galaxies, we propose to compare the 4000
angstrom break (Dgog0) strength of these galaxies using the NOAQ telescope with long-slit spectrogeeph. The Daogo
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The D4goo arises because of an accumulation of absorption lines of ionized metals. As the opacity increases with

decreasing stellar temperatures, the Dyooo becomes larger with older ages. Therefore, D4goo can be an indicator thet X

provide#\a reliable estimate of the age of stellar population (Kauffm'ﬁﬁ_ et al., 2003). The distributions of the D4goo
strength of the HBLR and the non-HBLR Seyfert 2 galaxies are expected to be different if the different nitrogen
abundanceﬁof the non-HBIR-and-the HBER-Seyfort-2 galaxies are cpused by different stages of stellar evolution. By
comparing the Dygpp ptrength of these Seyfert 2 galaxies, we can test the evolutionary scenario between the HBLR
and the non-HBLR Sdyfert 2 galaxies. W\ \\
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Figure 1: Diagnostre-diagrasmeeof’|N 11] and [O 111] line ratios. The HBLR Seyfert 2 galaxies are shown as squares, the
non-HBLR Seyfert 2 as open circles. The [N 11]/Ha ratios of the non-HBLR Seyfert 2 galaxies are higher than those
of the HBLR Seyfert 2 galaxies.
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Figure 2: Results of photoionization models. The results with the standard solar abundance of nitrogen are shown 5
n blagk curves (left grid), and those with five times solar abundance of nitrogen are shown in grey (right grid). The
ionization parameter I' varies from 10715 to 1073 (upper-left to lower-right for each model), and the density ny

varies from 102 to 10° cm~3 (left to right for each model).
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