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al. 2006), which may have evolved more rapidly and may not be
representative of the metallicity in their host galaxies.

To investigate the metallicity on the scale of AGN host galax-
ies, the narrow line region (NLR) has been studied, since the
typical NLR size is comparable to the size of their host galax-
ies, RNLR ∼ 101−4 pc (e.g., Bennert et al. 2006b,a). Further-
more, NLR masses are usually ∼ 104−8M�, much larger than
those of the BLR, ∼ 102−4M� (e.g., Baldwin et al. 2003). Thus,
NLR metallicities allow us to investigate chemical properties at
host galaxy scales. However, since it has been difficult to dis-
cover type-2 quasars in the high-z universe, the NLR metallicity
at z > 1 have been investigated only with high-z radio galax-
ies (HzRGs) in previous studies. Nagao et al. (2006c) studied
NLR metallicities of 51 HzRGs at 1.2 < z < 3.8 with a metal-
licity diagnostic diagram involving C ivλ1549, He iiλ1640, and
C iii]λ1909. They reported that HzRGs do not show any redshift
evolution of NLR metallicity: a lack of redshift evolution is sim-
ilar to that seen for the BLR metallicities (Nagao et al. 2006b;
Juarez et al. 2009). Matsuoka et al. (2009) confirmed the ab-
sence of any significant NLR metallicity evolution up to z ∼ 4
by observing nine HzRGs at z > 2.7. Moreover, Matsuoka et al.
(2011) found that the most distant radio galaxy, TN J0924−2201
at z = 5.19, has already experienced significant chemical evolu-
tion.

On the other hand, Matsuoka et al. (2009) also found a
positive correlation between NLR metallicities and AGN lu-
minosities, as for the BLR metallicities. This may be origi-
nated from the galaxy mass-metallicity relation, if we assume
LAGN ∝ MBH ∝ Mhost. However, there is still no direct evidence
that NLR metallicities are related to their host properties, and in
particular with their stellar mass (M?). In this letter, we focus on
HzRGs and X-ray selected type-2 AGNs at 1.2 < z < 4.0 and in-
vestigate their NLR metallicities, adopting a diagnostic diagram
of C ivλ1549, He iiλ1640, and C iii]λ1909 emission lines. Thus,
by collecting their stellar masses from the recent literature we
examine their dependence on NLR metallicities.

2. Observations and Data from the Literature

In order to study NLR metallicities, we utilize type-2 AGNs, i.e.
in which the BLR and strong continuum emission are obscured
allowing us accurate measurements of narrow-line emission.
First, we focus on HzRG samples (e.g., De Breuck et al. 2000)
which have been identified as type-2 AGNs at high redshift with
radio observations: e.g., ultra-steep-spectrum radio sources with
radio spectral index α < −1.30 (S ν ∝ ν

α) are adopted as efficient
HzRG tracers in De Breuck et al. (2000) and over 160 sources are
identified as HzRGs at 0 < z < 5.2 with devoted optical spectro-
scopic observations. Requiring that C ivλ1549, He iiλ1640, and
C iii]λ1909 lines are detected, 67 HzRGs at 1.2 < z < 4.0 are
collected from Nagao et al. (2006c), Bornancini et al. (2007),
and Matsuoka et al. (2009, 2011). We listed these emission-line
fluxes in Table 1.

As inferred from the tight correlation in the Hubble K-z di-
agram (e.g., De Breuck et al. 2002), HzRGs are usually associ-
ated with very massive elliptical galaxies (M? > 1011M�; e.g.,
Seymour et al. 2007). In order to also sample the lower stellar
mass range, in this study we also focus on X-ray selected type-2
AGNs which have been discovered in recent observations. First,
we obtained optical spectra of two X-ray selected radio-quiet
type-2 AGNs at z > 3.0 in the Cosmic Evolution Survey (COS-
MOS) field (Mainieri et al. 2011) with FOCAS (the Faint Ob-
ject Camera And Spectrograph; Kashikawa et al. 2002) at the
Subaru Telescope (24−25 December 2013). Observations were

Fig. 1. Reduced spectra of two X-ray selected type-2 AGNs in the COS-
MOS field (ID: 05162 and 10690) obtained with FOCAS, after adopting
4-pixel binning in wavelength direction. Their two-dimensional spectra
with a 2′′.1 section are shown at the top, respectively. Red vertical lines
indicate the central wavelengths of rest-frame UV emission lines, i.e.,
Lyα, N vλ1240, C ivλ1549, He iiλ1640, and C iii]λ1909. The grey line
in the top panel is an arbitrary spectrum with five times the flux for
recognising relatively weak emission lines.

performed with the 300R dispersion element and SY47 filter to
cover the wavelength range of λobs = 4900 − 9500Å. We used
a slit width of 0′′.6. Standard data reduction procedures were ap-
plied to these spectra by using IRAF tasks. Figure 1 shows the
final reduced spectra. We measured emission-line fluxes of de-
tected lines by fitting them with a Gaussian function using the
IRAF task splot (see Table 1). For undetected lines, 3σ upper
limits are given by assuming an averaged line width of 25Å cal-
culated from the detected lines. Then, we collected emission-line
fluxes of 10 X-ray selected AGNs at 1.5 < z < 4.0 from Nagao
et al. (2006c). Nine of them are X-ray selected type-2 AGNs
in the Chandra Deep Field-South (CDF-S) field (Szokoly et al.
2004) and the remaining CXO 52 is a type-2 quasar in the Lynx
field identified as a hard X-ray source with Chandra (Stern et al.
2002). Emission line fluxes of these 13 X-ray type-2 AGNs are
listed in Table 1.

We collected their stellar masses from the literature. Regard-
ing HzRGs, we matched our sample with stellar mass catalogs in
Seymour et al. (2007) and De Breuck et al. (2010). Overall, we
obtained stellar masses of 21 HzRGs including 8 upper limits.
These studies derived stellar masses through a spectral energy
distribution (SED) fit based on the Spitzer infrared (3.6–160 µm)
data, covering the rest-frame optical to infrared wavelengths (see
Seymour et al. 2007, for more detail): De Breuck et al. (2010)
followed the procedures of Seymour et al. (2007) with the same
method and photometric bands. For X-ray selected AGNs in the
COSMOS field, stellar masses are collected from Mainieri et al.
(2011). These masses are also derived by SED fitting with mul-
tiwavelength data set of COSMOS. For five additional AGNs in
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