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Rest optical spectroscopy of FeLoBALs and
LoBALs at intermediate redshift
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NLS1s and low-ionization BAL (LoBAL) QSOs appear to share observational properties such

as weak [OIII ] and strong FeII emission line. We have observed Hβ - [O III ] region of 23 iron

LoBALs and LoBALs at intermediate redshift (1.4 < z < 2.6). Most of our sample are weak [OIII ]

emitters, however, there is a large variety of the strength of optical FeII .
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FeLoBALs and LoBALs

1. Similarity of LoBALs and NLS1s

Similarities between NLS1s and Low-ionization Broad Absorption Line Quasars (LoBAL)
have been pointed out by [6]. LoBALs are quasars which show absorption troughs from not only
high-ionization ions such as CIV , N V, Si IV but also MgII , Al III , and Al II . Both NLS1s and
LoBALs have low [OIII ] equivalent width, and large FeII (optical)/Hβ [5, 17]. Those characters
are recently confirmed by [18] using a lager sample of LoBALs.

2. FeLoBAL

A fraction of LoBALs shows absorptions from excited fine-structure levels of the ground term
and excited terms of FeII and FeIII [11, 3, 4, 10]. They are called iron LoBALs (FeLoBALs).
FeLoBALs are rare quasars, however, the Sloan Digital Sky Survey (SDSS; [16]) are dramatically
increasing numbers of FeLoBALs. Many of them have a reddened continuum (see [10]). They are
dusty and possible young and high Eddington ratio objects.

It is expected that FeLoBALs and LoBALs may share the similar spectral properties of weak
[O III ] and strong FeII , however near-infrared spectroscopies aiming Hβ , Fe II of intermediate red-
shift FeLoBALs are scarce. [9] observed two FeLoBALs, and [17]included one FeLoBAL atz∼ 2
in their sample. Near-infrared spectroscopy of a radio-loud FeLoBAL SDSS J155633.77+151757.3
has been published by [14]. Thus we started near-infrared spectroscopic observations of LoBALs
and FeLoBALs atz∼ 2.

3. Observations

Most of targets are chosen from SDSS. Significant fraction of the sampleare selected from
[10] and searched in SDSS database by ourselves. The observed quasars are listed in Table 1.
Their optical, i.e. rest-UV spectra in SDSS are shown in Figs. 1-3 except for Hawaii 167 and
PSS J0052+2405 which have no SDSS spectra. Please refer to [8] and[7] for optical spec-
tra of Hawaii 167 and PSS J0052+2405, respectively. The results of SDSS J0839+3805 and
SDSS J1723+5553 have been published in [1] and [2], respectively.

We used the Cooled Infrared Spectrograph and Camera for OHS (CISCO: [13]) and the Multi-
Object Infrared Camera and Spectrograph (MOIRCS: [12]) attachedto the Subaru 8.2-m telescope
and SpeX [15] with IRTF 3.0-m telescope. The spectral resolutions were300-400 and 750 by
Subaru and IRTF, respectively.

4. Preliminary Results

Our near-infrared spectra are shown in Figs. 4-6. Most of our sampleare weak [OIII ] emitters.
SDSS 1019+0225 has, however, exceptionally strong [OIII ] emission line. Its rest [OIII ] λ5007
equivalent width is 42Å. There is a large variety of the strength of optical Fe II . Some FeLoBALs,
for example, SDSS J0342+0045, SDSS 0834+5112, SDSS J0810+4806, SDSS 0943+5417, are
very strong optical FeII emitters, while SDSS J1028+5115 and SDSS J1547+4443 have weak op-
tical FeII emission line. We can easily notice that strong [OIII ] emitters such as SDSS J1333+4556,
SDSS J0018+0015, SDSS J1723+5553 and SDSS 1019+0225 are weak optical FeII emitter. All
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FeLoBALs and LoBALs

Figure 1: Rest UV spectra of the targets. The ordinate is the relative flux density (fλ ), and the abscissa is
the rest wavelength. Each spectrum is shifted in arbitrary step to avoid overlap. Higher redshift quasar is
plotted upper.

Figure 2: Rest UV spectra of the targets. Same as Fig.1.

Figure 3: Rest UV spectra of the targets. Same as Fig.1 , but for SDSS J1019+0225. SDSS 0957+4406 is
shown again as comparison.
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Name Redshift Telescope/Instrument Obs. date (UT)

SDSS J1019+0225 1.364 IRTF/SpeX 2007 Mar. 8
SDSS J1440+3710 1.403 IRTF/SpeX 2007 Mar. 8
SDSS J0957+4406 1.463 IRTF/SpeX 2007 Mar. 7
SDSS J2215-0045 1.486 Subaru/CISCO 2004 Aug. 28
LBQS 2350-0045A 1.639 Subaru/CISCO 2004 Aug. 28
SDSS J1418+2711 2.021 Subaru/MOIRCS 2011 Mar. 18
SDSS J1723+5553 2.108 Subaru/CISCO 2005 Jul. 19
SDSS J0943+5417 2.232 Subaru/MOIRCS 2011 Mar. 18
SDSS J0810+4806 2.248 Subaru/CISCO 2003 Nov. 6
SDSS J1352+4239 2.266 IRTF/SpeX 2007 Mar. 7
SDSS J0839+3805 2.318 Subaru/CISCO 2005 Mar. 26

Hawaii 167 2.347 Subaru/CISCO 2008 Mar. 20
SDSS J1709+6303 2.386 Subaru/CISCO 2005 Jul. 26
SDSS J0834+5112 2.395 Subaru/CISCO 2003 Nov. 6
SDSS J1547+4443 2.403 Subaru/CISCO 2005 Apr. 1
SDSS J0321-0105 2.406 Subaru/CISCO 2003 Oct. 18
SDSS J1028+5110 2.420 IRTF/SpeX 2007 Mar. 9
SDSS J0018+0045 2.428 Subaru/CISCO 2004 Jul. 11
SDSS J0342+0045 2.435 Subaru/CISCO 2003 Oct. 17
SDSS J1134+3238 2.454 IRTF/SpeX 2008 Mar. 7
SDSS J2056-0059 2.476 Subaru/MOIRCS 2009 June 2
PSS J0052+2405 2.500 Subaru/CISCO 2004 Jul. 11

SDSS J1333+4556 2.629 Subaru/MOIRCS 2011 Mar. 18

Table 1: The targets’ list.

Figure 4: Rest optical spectra obtained by near-infrared spectroscopies. The ordinate is the relative flux
density (fλ ), and the abscissa is the rest wavelength. Each spectrum is shifted in arbitrary step to avoid
overlap. Higher redshift quasar is plotted upper
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Figure 5: Rest optical spectra. Same as Fig. 4.

Figure 6: Rest optical spectra. Same as Fig. 4.

four objects except for SDSS 1019+0225 are radio-quiet. The anti-correlation between [OIII ]
and optical FeII strength seems to exist among our sample. The two FeLoBALs, SDSS J1028+5115 and
SDSS J1547+4443 have weak [O III] and optical Fe II emission line, thus they might be outliers. FeLoBALs
have wide variety of properties in absorption lines, line width, velocity shift, line ratios. The relationships
between UV and optical spectral properties will be investigated in future.
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