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ABSTRACT

We present a spectral atlas of the Hf region for 215 type I AGNs (luminous Seyfert 1/radio galaxy nuclei
and low-z quasars) up to z =~ 0.8. Line profiles and measures were derived from the database of intermediate
resolution spectra (R 1000) with average continuum level S/N ratio ~30. Parameters including rest frame
equivalent width and FWHM are provided for the Fe 11, blend at A4570, H3, He 11 A\4686, and the [O 1]
AM959, 5007 emission lines. We extract clean broad component Hf profiles and provide wavelength meas-
urements at 0, 1/4, 1/2, 3/4, and 0.9 peak intensity levels in order to permit a quantitative definition of the
Hp broad component for statistical studies. We also discuss sources of uncertainty, selection effects, and
biases in our sample. The data are especially important for tests of the eigenvector 1 parameter space occupa-
tion and correlation. We show that the [ Zw 1 template Fe 11, spectrum reproduces well the observed Fe 11,
emission for a wide range of line width and strength. A detailed analysis of the data within the eigenvector 1

context is deferred to a companion paper.

Subject headings: atlases — galaxies: active — galaxies: nuclei — quasars: emission lines —

quasars: general

On-line material: additional figures, machine-readable tables

1. INTRODUCTION

Important information about the broad line emitting
region (BLR) in active galactic nuclei (AGNs) can be
extracted from observations of the Hf spectral region. A
wavelength coverage of ~1000 A allows one to measure, in
addition to H3, the prominent Fe 11,5 low-ionization emis-
sion blends usually denoted as Fe 11 A4570 and Fe 11 A5300,
the narrow [O 1] A\4959, 5007 forbidden lines, and the
high-ionization (HIL) He 11 A4686 line at A4686. These spec-
tral features provide measures that constrain models of the
two main structural components in AGNs:

1. the broad-line region (BLR), which is likely composed
of two distinct emitting regions, at least in a large fraction of
radio-quiet (RQ) AGNSs: (a) a low-ionization line (LIL)
emitting region (e.g., Balmer lines and Fe 11,,) and () an
HIL emitting region associated with He 1 \4686 and C 1v
1549 emission; Gaskell 1982; Collin-Souffrin et al. 1988;
Marziani et al. 1996; Sulentic, Marziani, & Dultzin-Hacyan
2000a);

2. the narrow-line region (NLR), which has been
resolved in the nearest AGN but whose structure and
evolution remain unclear for the vast majority of luminous
Seyfert 1 galaxies and for all quasars (see, e.g., Bennert et al.
2002; Zamanov et al. 2002).

Statistical studies offer the best hope for identifying evolu-
tionary and structural changes among AGNs. Information
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on line profiles of moderately large samples of AGNs, and
especially, comparison between lines emitted by ions of
widely different ionization potential, have provided insights
into the BLR structure (e.g., Marziani et al. 1996). This
information is gaining new astrophysical significance fol-
lowing development of the eigenvector 1 parameter space
(Sulentic et al. 2000a, 2000c; Boroson 2002).

In this paper, we follow a data analysis approach already
successfully applied in several other studies. We describe the
instrumental setups that we employed for the HS spectral
range observations (§ 2) and introduce our sample of lumi-
nous Seyfert 1 and low-redshift quasars (§ 3). We discuss a
number of biases that affect our sample. We then present the
procedures followed in order: (i) to obtain reliable measure-
ments of the heavily blended Fe 11, emission, and (ii) to
properly clean HS of contaminating lines (§ 4.1). The con-
tinuum subtracted line emission and the uncontaminated
Hp broad component profiles are shown in the spectral
atlas. Considering the sample size and its interest for statisti-
cal studies, special care was devoted to a reliable assessment
of measurement errors (§ 4). We finally analyze briefly
objects for which we have repeated observations available
and point out new objects whose HSpc profile may be varia-
ble (§ 5.3). The results of measurements and the associated
errors are provided in digital format. The sample presented
here was already used to calculate average spectra in the
eigenvector 1 context (Sulentic et al. 2002) and to search for
objects with large shifts between HF and [O 1] AS007
(Zamanov et al. 2002). In a companion paper, we will ana-
lyze the major implications for BLR structure. In another
related paper, we will make use of this data set for studying
the relationship between several low-redshift BAL QSOs in
our sample and the general AGN population. In the future,
the atlas will provide a reference for any eventual spectral
change, especially those of the profile of the H broad com-
ponent (HGgc). The highest S/N spectra can be used for a
more thorough analysis of Fe 11, multiplet ratios.
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2. OBSERVATIONS

Spectra were obtained with very similar instrumental set-
ups yielding resolution in the range 4-7.5 A FWHM. The
median value of the S/N of our spectra is ~25. Figure 1
shows the distribution of S/N values for our sample. We use
the value for an average spectrum in the case of sources with
multiple spectra of comparable quality. Spectra were
obtained with the following telescopes and spectrographs:
ESO 1.5 m (B&Ch), San Pedro Martir 2.2 m (B&Ch), Calar
Alto 2.2 m (B&Ch), KPNO 2.2 m (Gold), and Asiago 1.82
m (B&Ch). Results based on analysis of parts of this sample
can be found in Sulentic et al. (1995), Marziani et al. (1996),
and Sulentic et al. (2000a, 2002c). The observations span 12
years. Format and especially efficiency of CCD have both
increased, albeit not dramatically so and in way that has not
strongly influenced the feasibility of our project (even the
smallest CCD allowed a coverage of 1500 A).

Table 1 summarizes the instrumental setup for each
observing run during which we obtained useful data. Data
are organized as follows:

Column (1).—Observing run code.

Column (2 ) —Identification of the observing site.

Column (3 ) —Telescope aperture.

Column (4).—Observing dates.

Column (5).—Spectrograph.

Column (6 ) —Dispersion in A mm~!.

Column (7).—Detector (always CCD) format in pixels.

Column (8) —CCD manufacturer.

Column (9 ) —Slit width on the sky plane used for science
exposures.

Column (10).—Spectral resolution at FWHM measured
on the instrumental profile (identified by weak comparison
spectrum lines).

The data are supplemented by several spectra kindly pro-
vided by T. Boroson (identified as BG in Table 1) and
M.-H. Ulrich (ESOOct95). The data of the ESOOct95 run
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FiG. 1.—Distribution of S/N ratio for the 215 spectra employed in this
paper and shown in Fig. 4. The dashed histograms refer to radio-loud
objects.

have not been published previously and were reduced by
one of the authors. Several of the observing runs were moti-
vated by (1) the study of objects with strong He 11 \4686
emission and (2) the observations of HGpc line profile, either
to match to C 1v A1549 observations available from the
Hubble Space Telescope (HST) or to identify and study
peculiar HGpc line profiles. Unpublished observations cover
~70% of the sample objects considered in this work.

Table 2 provides a log of observations that is organized as
follows:

Column (1) —IAU source designation.

Column (2 ) —Common name.

Column (3).—Redshift z, as reported in the catalog by
Véron-Cetty & Véron (2000). In the case of 12 objects, when
the cataloged redshift disagrees by more than |Az| &~ 0.003,
either (1) we substitute the cataloged value with our deter-
mination if we have more than one spectrum (or if there is a
published value) or (2) we report in a footnote our inde-
pendent estimate if we have one spectrum and no other
reliable source of control).

Column (4).—Apparent V' magnitude, also from Véron-
Cetty & Véron (2000).

Column (5).—Specific flux at 6 cm in Jy, always from
Véron-Cetty & Véron (2000).

Column (6).—Absolute B magnitude computed by
Véron-Cetty & Véron (2000).

Column (7).—QObserving date.

Column (8).—Universal Time (UT) at exposure start in
the format hh:mm.

Column (9).—Total exposure time in seconds (summing
up subsequent exposures with same setting).

2.1. Calibrations and Instrumental Errors

Wavelength calibration was achieved by observation of
comparison spectra usually obtained after an exposure (if
single) or between exposures (if two or more consecutive
exposures were taken), with the telescope till pointing
toward the target. Wavelength calibration was accom-
plished by fitting a polynomial of suitable order to the pixel-
wavelength correlation. Residuals were always <0.1 A rms
(corresponding to ~5 km s~! at H3), and the calibration
was compared with a sky line spectrum extracted from the
science frame to avoid errors associated to small shifts
between the science frame and the comparison.

Slit width was typically 175-2”. This resulted from the
usual trade-off between preserving spectral resolution and
minimizing light losses due to seeing and differential refrac-
tion. It was not always possible/time effective to align the
slit along the parallactic direction. Sky conditions were not
always photometric during a number of observations.

We compared the apparent magnitude deduced from our
spectra with the apparent my tabulated by Véron-Cetty &
Véron (2000). The distribution is displaced by Am ~ —0.4.
The distribution of Amy is also skewed toward large nega-
tive values. These systematic effects are expected due to the
narrow slit aperture usually employed. The dispersion is
rather large, o &~ 0.64, and it is most likely affected also by
the heterogeneous origin of the catalog magnitudes. We
have flagged observations that may have suffered extra-
ordinary light losses and that should therefore be regarded
as completely nonphotometric (due to e.g., thick clouds,
seeing, differential refraction) if they are fainter than
Amy 2z — 1.5 with respect to the tabulated magnitudes.
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TABLE 2
OBJECT IDENTIFICATION AND LOG OF OPTICAL OBSERVATIONS

Exposure

F(6.cm) Time

TAU Code Name Common Name z my Jy) Mp Date U.T. (s)

1) @ ®» @ 06 (©) ) ®) ©)
JO0059+1609 ...........c....... PKS 0003+15 0.450 16.4 0.340 —25.7 1996 Oct 14 04:02 3600
JO0063+2012 ......ooevnee Mrk 335 0.025 13.9 0.003 =21.7 1996 Oct 13 04:02 3000
JOO10541058 ..o 11 Zw?2 0.090 15.4 0.435 —22.7 1994 Oct 08 02:07 3600
JO0196+4-2602 ............c... 4C25.01 0.284 15.5 0.483 —25.8 1990 Oct 18 03:47 1800
J00292+4-1316 ..o PG 0026+12 0.142 15.4 0.002 —24.0 1990 Oct 11 08:34 3000
J0045740410 ....coveenrennene PG 00434039 0.385 16.0 0.000 -26.0 1990 Sep 20 05:44 2700
J0047040319 ..o PKS 0044030 0.624 16.4 0.069 —26.6 1994 Dec 13 02:37 3600
JOO495+1128 ..o PHL 850 0.275 17.1 0.001 —24.1 1990 Oct 18 04:27 5400
JOOSI94+1725 v Mrk 1148 0.064 16.0 0.001 -21.5 1990 Sep 18 06:49 1800
JOO0S535+1241 .o [Zw 1 0.061 14.0 0.003 —23.4 1994 Oct 07 04:11 3600

Note.—Table 2 is available in its entirety in the electronic edition of the Astrophysical Journal Supplement. A portion is shown

here for guidance regarding its form and content.

Three objects (J010324+0221, J04136+1112, J0630046905,
all of them of run SPMNov93) were not reduced to an
f scale, although otherwise corrected for instrumental
response and atmospheric losses. We remark that catalog
magnitudes may be also subject to large errors. At least one
object (J08045+6459) has a S/N ratio that is more consis-
tent with a 14-15 mag object and not with the cataloged
value my ~ 17.5.

A tentative estimate of our flux scale uncertainty is
+50%. We report the f) values since they retain a statistical
value but should be considered with care in case individual
objects are considered.

3. SAMPLE PROPERTIES

Figure 2 shows the distribution of redshift, absolute B
magnitude, apparent magnitude, and Kellermann’s R ratio
for our sample. The shaded part of the histograms indicate
the radio-loud (RL) subsample. The quantity R is defined as
the ratio between the flux density at 6 cm and 4400 A (B
band; Kellermann et al. 1989). All the data have been
retrieved from the 9th edition of the Véron catalog (Véron-
Cetty & Véron 2000). Note that the histogram of radio-
loudness measures includes only those radio-quiet (RQ)
sources with a radio detection. Many RQ nondetections or
unobserved sources are not shown there.

Figure 2a shows that our sample is strongly biased
toward the lowest redshift type 1 AGNs. Expansion of the
sample in the range z ~ 0.2-0.8 cannot be accomplished
with 2 m class telescopes without sacrificing resolution and/
or S/N. Data of lower quality cannot provide an effective
test of the eigenvector 1 concept and, in fact, blur the differ-
ences between all classes of AGNs. Even our measures of
Fe 1 AM4570 strength for these bright sources cannot com-
pletely define E1 source occupation and correlation at the
low end of the Rp. ,, range where only upper limits can be
assigned (see Sulentic et al. 2002 and § 4.2). The distribution
of source apparent magnitude shown in Figure 25 reflects
the constraint imposed by 2 m class telescope. It suggests
that we have effectively sampled AGNs brighter than
my =~ 16.0. Fortunately, even this bright apparent magni-
tude cutoff includes some reasonably luminous AGNs. The

result is that we uniformly sample 3 orders of magnitude in
source luminosity as can be seen in Figure 2c.

Another important bias involves RL sources which favor
higher redshift and source luminosity than the RQ AGNs in
our sample. This reflects both operational and physical
biases. The RL expectation for low-z samples is ~10% (Urry
& Padovani 1995; Hooper et al. 1995). It is unclear if the
most complete low-redshift (PG) sample is over-
represented with RL sources (17/87) or whether distant
samples are RL deficient (Sulentic et al. 2000a, 2000c;
Marziani et al. 2001). The HST archive is certainly over-
represented with RL sources (with C 1v A1549 spectra;
Marziani et al. (1996) had 60% of 52 sources that were radio
loud!). Our present, final sample of n = 215 sources is also
RL over-represented (n = 77; ~36%). Certainly our distinc-
tion between different AGN spectral types (Sulentic et al.
2002) and, especially, between populations A and B, i.e.,
pure RQ AGNs with FWHM(HBgc) < 4000 km s~! and
mixed RQ/RL AGNs with FWHM(H3pc) > 4000 km s~1,
respectively (Sulentic et al. 2000a, 2000b, 2000c), does not
imply that one can infer information on the relative
frequency of each population.

4. DATA ANALYSIS
4.1. Data Processing
The following processing steps were applied to the data.

1. The spectra were deredshifted using measurements of
HpOne (and in a few cases in which HOnc was not well
defined, of [O 111] A5007).

2. The local continuum in the Hy-Hf spectral range
(~4200-5600 A) was approximated using regions around
4200, 4700, and 5500 A that are relatively unaffected by
Fe 11, emission. The objects of our sample are all luminous
AGNSs, and the aperture on the cross-dispersion profile was
chosen to avoid to isolate the nuclear spectrum only. We did
not notice appreciable contamination by the host galaxy
spectrum.

3. The Fe 1 M570 complex was subtracted using the tem-
plate method of Boroson & Green (1992; see also Marziani
etal. 1996). The method is described in detail in § 4.2.
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FiG. 2.—Distribution of redshift, absolute B magnitude, apparent J magnitude, and Kellermann’s R for the 215 objects of our sample. The dashed

histograms refer to radio-loud objects.

4. Emission lines of [O 1] A4959 and [O 1] A5007 were
subtracted by interpolating between the blue and red wings
of these features or by subtracting multiple Gaussians.

5. The broad and narrow component of the He 11 \ 4686
line were subtracted (whenever it was detected) by using a
Gaussian fit (note that this procedure assumes a symmetric
profile for the broad component of He 11 A4686).

6. The narrow component of HS was subtracted using a
Gaussian profile (see § 4.3 for more details).

7. We fitted a high-order spline function to the cleaned
Hpgc profile from which we measured the wavelength
Ag(i/4) and Ag(i/4) at fractional intensities i/4, for i = 0, 1,
2, and 3. We do not provide any Ape,y, since it is too much
affected by Hpnc. Instead we provide Ag(9/10) and
Ar(9/10).

4.2. Feut \Md570 Measurements

Measures of the Fe 11, emission appear to be an impor-
tant parameter for distinguishing between different AGN
classes. Right now our ability to maximize the ““dynamic
range ” of the E1 parameter space is limited by the accuracy
of Fe 11, measurements. We use an Fe 11, template that is

derived from I Zw 1 and is almost identical to the original
template of Boroson & Green (1992), although based on a
spectrum of higher resolution and wider wavelength cover-
age. An estimate of FWHM for the Fe 1 A4570 lines was
obtained using the template and Gaussian smoothing by an
appropriate ““broadening factor.” Since our template was
derived from I Zw 1, we cannot properly estimate line
widths lower than those of the template, which is
FWHM = 1100 km s~!. Only a few ““ narrow-line > Seyfert
1 (NLSyl) sources should fall in that category.
Measurement of W(Fe m A\4570) (integrated over the
range 4434-4684 A) and of the broadening factor were
accomplished by constructing an array of template spectra
within reasonable limits of scaling and broadening factors.
We then obtained the best scaling and broadening factors
for each continuum-subtracted spectrum by subtracting the
templates and by identifying the one template that mini-
mized the sum of the least-square residuals in the range
44504600 A. Errors were estimated by identifying the near-
est templates in the array that produced significantly larger
residuals. While this procedure allowed us to identify the
best template fit in a rigorous way, the method for estimat-
ing uncertainties was rather subjective. In several cases with
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FiG. 3.—Minimum detectable W(Fe u A4570) as a function of
FWHM(Hggc) for five different S/N values (10, 20, 30, 50, and 100).

strong [W(Fe 1 AM4570) =30 A] emission, it was necessary to
iterate by first performing a tentative Fe 11, subtraction in
order to identify the underlying continuum followed by a
second iteration after continuum subtraction to obtain the
actual Fe 11 A4570 measures.

The detection of Fe 11, depends on S /N and on the width
of the individual lines (assumed to be the same as Hp).
Unfortunately, Fe 11,,, emission is heavily blended, and if
the lines are broad enough, they become increasingly diffi-
cult to detect at a given S/N ratio. R, values reported in
the literature are also influenced by an historical bias, first
because the occurrence of Fe 11,,, emission was not well
appreciated (especially when nonlinear detectors such as
photographic plates were in use), and second because it was
widely believed that Fe 11, emission was ubiquitous among
AGNs. We now know that Fe 11, emission varies system-
atically across the E1 sequence, and we know which AGNs
can be expected to show strong or weak Fe 11, emission.
However, there is still a danger related to the subjective eval-
uation of a spectrum. In order to minimize subjective bias,
we created artificial AGN spectra with a typical AGN con-
tinuum and Hp, Fe 1op + [O 1m1] AM959, 5007 emission
lines. We varied the strength and width of H3 and Fe 11,
emission (assumed to have equal FWHM) for five different
S/N ratio values (10, 20, 30, 50, and 100). Using the simu-
lated spectra, we visually estimated the minimum detectable
Fe 11, [quantified as Wp,p(Fe 1 A4570)]. The results are
shown in Figure 3. Note that the lines of Figure 3 identify
the minimum detectable value, so that a proper upper limit
should be set at AW(Fe 11 \4570) ~ 4 A less. Only in the case
W(Fe 1 M570) > Win(Fe m \570), was it possible to
obtain an appropriate ““ broadening factor” which defines
the width of the Fe 11, lines.

4.3. H Measurements

FWHM(Hp) was initially measured interactively with the
SPLOT task of IRAF, and eventually using an automated
FORTRAN program employed to measure the HfBpc line
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parameters (see § 5.2). This enabled us to compare two inde-
pendent sets of measures for the same data. The comparison
was highly useful for identifying sources with the most
peculiar profiles. There was strong agreement between the
two sources of measures for most sources (AFWHM~
50 km s~1). This difference can be entirely ascribed to the
difficulty of placing the cursor rigorously at half-maximum
while measuring the spectrum interactively. FWHM(HGgc)
appears to be a fairly robust measurement. Agreement
between independent measures does not mean that one has
a true measure of the ““ classical ”” broad-line component.

A reliable estimate of line properties and uncertainty
must take into account that the HGg profile decomposition
is complicated by several effects. The effects we identified
include the following:

Continuum placement.—Uncertainty in continuum esti-
mation, which depends on («) adequate spectral coverage
blueward of the A570 and redward of the A5300 Fe 1
blends, (b) presence of a very broad He 11 A4686 component,
(¢) presence of an extended Hfpc red wing, and, most
importantly, (¢) S/N, which makes the first three difficult to
evaluate.

HpB VBLR component.—The presence of a ““ very broad ”
line region (VBLR) component or red wing/shelf on the HS
line. This feature sometimes extends redward of [O 1]
A5007 and, more rarely, blueward of rest frame A4650 (e.g.,
RXJ 0204—-51; Grupe et al. 1999). This problem should be
restricted to El-defined RQ population B and RL sources
(Sulentic et al. 2000c, 2002). In some sources the VBLR
component may be the only broad-line component present
(see, e.g., Sulentic et al. 2000b). The VBLR component is
usually redshifted and typically twice as broad as FWHM
of the classical broad component (~10,000 km s~!). Inclu-
sion or exclusion of the VBLR component will have a very
large effect on measures of equivalent width and FWHM
Hg. In noisy spectra the continuum is often fitted on top of
the VBLR component.

HpBnc component—Subtraction of a narrow-line HfS
component, which was done according to the following
criteria:

1. If a clear inflection is seen, the subtraction is trivial.
This is the case of most sources.

2. In the cases where an inflection is not seen, we sub-
tracted a Gaussian profile under the condition that
FWHM(HSnc) = FWHM([O 1] A5007).

3. This last condition is not always applicable. For sev-
eral population A sources (e.g., NLSyl’s) with typically
Lorentzian profiles and FWHM < 4000 km s~! the inflec-
tion is not observed. We have not subtracted an NLR com-
ponent in population A sources unless an inflection was
observed. There are seven sources with such property. We
found, a posteriori, an intriguing result: the seven sources
are ““blue-outliers,” i.e., objects for which the recessional
velocity measured on [O 1] A5007 is lower than that of
HpBnc by more than 250 km s~! (Zamanov et al. 2002). Only
in such cases is there really no hint at an inflection. [O 111]
AM959, 5007 is unusually broad as well. We remark that
the spikelike appearance of the H/3 profile core is consistent
with the interpretation of these objects pointed out by
Zamanov et al. (2002): objects seen along or close the sym-
metry axis of a high-ionization line outflow, with Hfgc
emission due to a flattened gas distribution (possibly an
accretion disk) seen face-on.
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The lack of certainty about the existence and strength of
the narrow component can otherwise strongly affect
FWHM and EW measures. A case in point involves [ Zw 1,
where FWHM =~ 1200 km s~! without an HfBnc component
subtraction but can be as large as 4500 km s~! with a sub-
traction based on typical narrow-line widths (Marziani et
al. 1996). Since such profiles rarely show an inflection, there
is no a priori indicator of Hfnc strength. Subtraction of a
significant narrow component in many of these sources
would imply HGnc stronger than or comparable with [O 111]
A5007, which is not consistent with other forbidden line
ratios (Nagao, Murayama, & Taniguchi 2001). Typically,
Hpne is &1/10 the strength of [O 1] A5007. In the outliers,
any HBnc would be appreciably displaced along the Hfpc
profile. However, since W([O 1] A5007) ~ 2.5-15 A, the
Hpnc becomes too weak to be detected. This argues against
the subtraction of a strong Hfyc in population A sources.
We believe that our approach is now entirely self-consistent.
After the systematic effects we describe are taken into
account, we think that any residual ambiguity in the defini-
tion of Hfnc will not affect relevant parameters above the
stated uncertainty.

[O 1] AN4959, 5007 contamination.—Another source of
uncertainty includes weaker lines in the HS spectral range.
Of particular relevance are ‘““semibroad”™ [O 1] AA4959,
5007 emission as well as (possibly) He 1 emission at A\4922
and A5016 (Verdn, Gongalves, & Véron-Cetty 2002). The
existence of semibroad [O 1] A5007 is a long-standing con-
troversy. While the evidence for a semibroad component is
weak (Zheng & Sulentic 1990), high-resolution studies of
the [O 1] lines show that it is frequently blue asymmetric (as
often seen also in our spectra; see J06300-+6905 for the most
spectacular example). The [O 1] AS007 asymmetry may be a
problem if the red wing Hfgc merges smoothly with [O 111]
A5007. In this case measures of Az(0) for HBpc may be sig-
nificantly affected. Without entering into the debate about
the reality of any semibroad [O 111] AA4959, 5007 emission, a
blueward asymmetry is the most likely case, but [O 1]
AN4959, 5007 lines have been observed with redward asym-
metry and multiple component profiles in spectra with
resolution R = A/AX 21000, i.e., at resolution comparable
to many of our spectra. Therefore, we adopted an empirical
approach with the [O 11] A\4959, 5007 subtraction done by
rigorously constraining the ratio I(JO 1] A5007)/(O mr
A4959) ~ 3.0 £ 0.1. Asymmetric profiles are markedly non-
Gaussian, so care was taken to subtract self-similar profiles
for both [O m1] A5007 and [O 1] M\959 by either inter-
polating below [O 1] AA4959, 5007 with a straight line or
applying a multi-Gaussian procedure.

Other weaker lines—Any consideration about other
contaminating lines can be done after Fe 1,y and O [u]
AM959, 5007 subtraction. Broad He 1 A5016 emission
would give rise to a broad red [O 1] A5007 wing (Véron et
al. 2002). In special cases, the contamination by He 1 A4922
and 5016 could give rise to a faint redward wing extending
somewhat beyond the red side of [O m1] A5007, again affect-
ing significantly the A\g(0) measurement. In order to esti-
mate the effect of the He 1 lines on the HBpc line profiles, we
performed photoionization computations with CLOUDY
(Ferland 2000). Population A and population B sources
were modeled using different values for the ionization
parameter and electron density: log U = —2, logn, = 11 for
population A, and log U = —1, logn, = 9.5 for population
B (Marziani et al. 2001). The case B intensity ratio is /(He 1
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A5016)/I(HfBpc) ~ 0.14 for population A and 0.035 for
population B. An intermediate case with log U = —1.5,
logn, = 10 yields an intensity ratio 0.045. We conclude that
He 1 emission cannot explain the prominent redward asym-
metry in many population B objects and especially in aver-
age quasar spectra (Sulentic et al. 2002). We would expect
He 1 to be more prominent in population A, and in border-
line objects between population A and population B, such
as J15040+1026. A telltale signature of that feature, after
Fe 11, subtraction, would involve a dip between [O 1]
A5007 and [O 11] A\4959 extending almost to the continuum
level. In such cases, the ““red shelf” of [O 11] AS007 cannot
be assumed part of the HOpc red wing (see for example
J13130—1107). The worst cases are the ones in which the
Hpfpc red wing and any [O m] A5007 red shelf merge
smoothly, creating a relatively “flat” red extension to
Hppc. Estimation of the red wing extent for Hfpc is some-
what arbitrary in such cases. However, this arbitrariness is
usually taken into account by the errors given for Ag(0):
everything below 5% fractional intensity is within the uncer-
tainty (§ 5.2). More generally, the combined effect of Hfnc
and continuum placement uncertainties are estimated to
produce an effect on HfBpc line profile parameters that is
mimicked by a £0.05 change in fractional intensity level.

4.4. He 1 \4686

He 1 \M4686pc was detected and measured in 109 sources.
Adequate S/N ratio and resolution are both responsible for
this high detection rate. However, since part of our sample
is composed of sources selected for the presence of strong
He 11 M686pc emission, no inference about the relative fre-
quency of occurrence can be made. FWHM(He 11 A4686p()
was measured using a simple Gaussian fitting procedure
that, in most cases, modeled the short-wavelength part of
the profile which is less influenced by the broad component
of HB. In spectra where the entire profile was visible we
modeled the full profile and the short and long-wavelength
parts separately. FWHM(He 11 AM4686y) was also measured
with a Gaussian fitting (and removed before He 11 A4686p¢
was fitted). It is worth noting that in most of our sources
He 1 M686Nyc and He 11 A4686pc can be clearly distin-
guished and that blending problems between BC and NC
are never as severe as they can be for HG. Estimated uncer-
tainties are approximately a factor of 2 if /(He 1 \4686)/
I(HBpc) ~ 0.1; if I(He m A\4686)/I(HBpc) =0.2, the un-
certainty associated with W(He 11 \4686) measures is esti-
mated to be £20%. Typical uncertainty for FWHM(He 1
M686pc) (Whenever this parameter is reported) is +20%.

5. RESULTS
5.1. Spectral Atlas

Figure 4 presents the atlas of spectra for our sample of
215 AGNs. The left panel for each spectrum shows the con-
tinuum subtracted H/3 spectral region extending from H~ to
the red end of the A5300 Fe 11, blend. This allows one to
visually evaluate the intensity of the Fe 11, emission, Hf3
line width, as well as the strength of the He 11 \4686 line.
The adopted Fe 11, template is superimposed as a solid
line. The right panel for each spectrum shows the HS region
after continuum and Fe 11, subtraction. The HBpc was
derived by subtracting any additional contamination from
He 11 M\4686, [O 1m1] AA4959, 5007, and HBnc. The resultant
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F1G. 4. —Spectral atlas of the 215 type 1 AGNs of this study. For 14 objects in each page the left panel shows the continuum subtracted H/3 spectral region.
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scale of J010324-0221, J04136+1112, and J06300+6905 is arbitrary. [See the electronic edition of the Journal for a color version of this figure and additional parts

to this figure).

HpBgc was then fitted with a high-order spline function in
order to minimize effects of noise while attempting to pre-
serve the intrinsic complex shape (i.e., VBLR, double
peaked structure, steep profile segments, etc.). We assumed
that HfBnc (or the peak of HQ for the narrower profiles) rep-
resents the best approximation of the AGN rest frame
velocity. This is supported by a preliminary comparison
between the CO and 21 cm measurements available for
objects in our sample (Marziani et al. 1996, I Zw 1; Zama-
nov et al. 2002); note that [O ] AN4959, 5007 may show
blueshifts up to ~—1000 km s—!). We make available (1) the
original rest-frame spectra (not shown in the atlas), (2) the
continuum-subtracted spectra; (3) the continuum and
Fe 11, subtracted spectra, (4) the Fe 11, spectra assumed
for each object.® All spectra are in ASCII format.

6 Available at http: //web.pd.astro.it/marziani/spect.tar.gr.

5.2. Tabular Data

Results on measurements are reported in Tables 3 and 4.
All measurements of equivalent width, FWHM, and contin-
uum specific flux are given in the AGN rest frame. The
format of Table 3 is as follows:

Column (1) —IAU source designation.

Column (2).—S/N in the continuum, measured in
spectral regions free of emission lines and before Fe 11,
subtraction.

Column (3).—Equivalent width of HS (broad compo-
nent only).

Column (4).—Uncertainty of HZ equivalent width at a
2 o confidence level. .

Column (5)—FWHM(HpGpc) in A; the value is as
derived from the Hfpc profile measurements reported in
Table 4.

Column (6) —Continuum level at A4861 in units of 10~1°
ergss—! cm~2 A~1. This means that the specific flux has been
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multiplied by a factor (1 + z)3 when redshift correction was
applied to the wavelength scale of each spectrum.

Column (7)—A flag identifying spectra that suffered
extraordinary light losses, or whose scale is not in specific
flux units (—1). A flag of value “0” means no known
problem. .

Column (8)—Fe 1 M\570 upper limit in A. This value
can be considered a 3 o estimate of the W(Fe n A\4570)
uncertainty.

Column (9) —Fe 11 M570 equivalent width. The range of
integration is between 4434 and 4684 A, as in Boroson &
Green (1992). This number is significant only if it is larger
than the W(Fe 1 A4570) lower limit for detection given
in column (8). No measurement uncertainty is given for
W(Fe 1 A4570) since it can be deduced from the W(Fe 1
A4570) upper limit: 2/3 of the upper limit value reported in
column (8) can be an estimate of the error at a 2 o confidence
level. Errors are usually +£20% at a 2 o confidence level if
W(Fe 11 M570) 2 Wy (Fe 1 M4570) of Figure 3. i

Column (10)—FWHM(Fe 1u X570), in A. The
FWHM(Fe nm M\570) was measured with the scaling and
broadening method and adopting a FWHM(Fe 11 A4570) of
I1Zw 1equal to 1100 kms~1.

Column (11).—The error associated to FWHM(Fe 1
M570). A value of —1 means that FWHM(Fe 1 A4570) is
actually undetermined.

Column (12)—Equivalent with of He 1 \4686 broad
component, in A. i

Column (13) —FWHM(He 11 A4686pc) in A.

Column (14) —Continuum specific flux at A4686 in units
of 107 Pergss'em 2 A1,

Column (15) —W(HBnc).

Column (16 ) —W([O 1] A5007).

Column (17) —Continuum specific flux at A5007 in units
of 10~ Bergss~lem—2 A1

Column (18).—W(He 1 M686nc); Unavailable values
are labeled “ —1.”

We do not provide FWHM of narrow lines since their
values are strongly affected by instrumental broadening. In
general, negative values (—1.) indicate a high uncertain
value or that a parameter could not be measured.

In spectra where we were unable to detect Fe 11, emis-
sion, we set an upper limit for W(Fe 11 A4570) according to
the appropriate S/N and expected line width. This proce-
dure will enable to treat nondetections as censored data. In
such cases, an Fe 11, best fit was still subtracted (the Fe 11,
emission shown in Fig. 4), but its influence on the Hfpc
profile estimates is well within the observational errors.

HpGgc Profiles—Measurements of the cleaned Hppc
profile are presented in Table 4. These profiles have been
measured applying a FORTRAN program to an high-order
spline fitting of the HBpc (as done by Marziani et al. 1996).
Spline fits are visible as thick lines in the right panels of
Figure 4. The format of Table 4 is as follows:

Column (1) —IAU source designation.

Colymn (2).—Peak intensity, in units of 10~15 ergs s~!
cm~2 A~! (exceptions noted in § 2.1).

Columns (3)—-(9)—At fractional intensity 0 (col. [3]),
wavelength of line blue side (col. [4]) with lower and upper
uncertainties (cols. [5] and [6]); wavelength of line red side
(col. [7]) with lower and upper uncertainties (cols. [8] and
).

Columns (10)—(16).—Same line parameters as for col-
umns (3)—(9), evaluated at fractional intensity 1/4.

Columns (17)—(23).—Same line parameters as for
columns (3)—(9), evaluated at fractional intensity 1 /2.
Columns (24)-(30).—Same line parameters as for
columns (3)—(9), evaluated at fractional intensity 3 /4.
Columns (31)—(37).—Same line parameters as for
columns (3)—(9), evaluated at fractional intensity 0.9.
Uncertainties were estimated assuming that the main
sources of error involve continuum placement plus HApc
and Hpyc decomposition. The errors were therefore com-
puted as the line wavelength measured at i/4 £ 0.05 frac-
tional intensity level minus the measured wavelength, i.c.,

A5 r(i/4) = Apr(i/4 £ 0.05) — Ag r(i/4) .

Note that this assigns asymmetric errors save at i = 0, where
the errors are assumed symmetric and equal to the ones
obtained assuming Ag g(i/4 £ 0.05).

5.3. General Trends

BLR origin of Fe 1,,.—The assumption of FWHM
equality for (HBge) and (Fe 11 A4570) can be tested a posteri-
ori within AFWHM = 20%. In sources where Fe 11 A4570
was weak or undetected, it was impossible to measure
W(Fe 11 A4570). In such cases we give an upper limit for the
W(Fe 1 A570) and no measurements for FWHM(Fe 1
A570) in Table 3 (—1 code value). We were able to measure
FWHM(Fe 11 A4570) for 135 objects, and these data allowed
us to directly test the hypothesis that broad-line emission
from Fe 11, and H3pc arise in the same region. We confirm
that FWHM(Fe 11 A4570) and FWHM(HBgc) are highly
correlated (see, e.g., Phillips 1978, and Boroson & Green
1992 for landmark studies). Individual Fe i1 template fits are
rather insensitive to the adopted broadening factor (which
is affected by large errors), but the statistical distribution of
FWHM Hg versus FWHM Fe 11 A4570 is much more sensi-
tive to a systematic difference. The FWHM(Hgpc) ~
FWHM(Fe 1 A4570) assumption is verified for sources with
FWHM Hp < 4000 km s~!. Broader sources suggest that
FWHM(Hgg() is systematically larger than FWHM(Fe 1
M570). The FWHM difference between these lines that is
found only for population B objects is not a random error
but a systematic difference possibly due to the presence of
the extra VBLR component in HS.

An important result of this investigation is that the
Fe 11, template based on I Zw 1 provides a good fit, within
the limits imposed by S/N, for almost every of the 215
objects in our sample. In one case (J22032+3145) the Fe 11,
emission may be markedly different. Even this single
example is doubtful because the Fe 11 A4570 emission was
not observed and the peculiarity is apparent only in the
Fe 1,50 A5230 blend. Mrk 231 (J12562+4-5652) is a source
with apparently peculiar Fe 11, emission; however, it shows
heavy internal extinction, with 4 ~ 2.0. In Figure 4, the
red Fe 11, blend appears to be depressed relative to Fe 1
A570, but since the fit was based on Fe 11 A4570, it is in real-
ity the converse: the internal extinction is able to signifi-
cantly depress the Fe 11 A\4570 emission that is ~250 A
blueward. IRAS 07598+4-6508 shows an apparent Fe 11,
emission width significantly narrower than the H3. IRAS
07598+6508 and Mrk 231 are both outliers in the E1 param-
eter space. We note, however, that the Fe 11,y template
reproduces satisfactorily the Fe 1 A\4570 emission in both
cases.



210 MARZIANI ET AL.

Dependence of EI parameters on luminosity.—The rele-
vance of any redshift incompleteness to eigenvector 1
studies depends on how strongly the E1 parameters [i.e.,
FWHM(H(pc) and R, ;] depend upon L. The evidence up
to this time suggests that any correlation is absent in the
luminosity range covered by our data: correlating
FWHM(H(pc) and Rg. ; with Mp yields Pearson’s correla-
tion coefficient —0.1 and 0.06, respectively. A direct answer
at Mp < — 30 involves observation of the Hj spectral range
in higher redshift quasars. We are in the process of obtain-
ing good S/N VLT spectra of the Hf region out to z ~ 2.5.

Variability.—How robust are our line measures in the
face of the tendency for many AGN to vary widely? Our
own experience, and results in the literature, suggest that
most line profiles keep the same basic shape in response to
considerable continuum change (see, ¢.g., Corbin & Smith
2000). Exceptions are few although notable (e.g., Sulentic et
al. 2000b). The best response is to say that the range of pro-
file changes likely falls within the large range of profile types
that are observed. That is, after all, why it is so important to
obtain high-quality spectra for a large number of sources—
to adequately sample the phenomenology. Our sample
incorporates the PG database of n = 87 mostly RQ quasars
kindly provided by the authors (Boroson & Green 1992).
Many of these sources have been reobserved as our sample
was expanded, especially in the direction of sources with
suitable matching C 1v A1549 data in the HST archive (see
Marziani et al. 1996 for analysis of the first 52 sources and
Sulentic et al. 2000c for a more recent analysis of 127
sources). It is possible to compare spectra for reobserved
sources to look for evidence of temporal changes in line pro-
files. In Table 5 we report a log of observations for objects
that were observed more than once:

Column (1) —IAU code name.

Column (2 ) —Common name.

Column (3).—Observing date.

Column (4)—Universal Time at exposure start.

Column (5).—Exposure time in seconds.

Column (6).—Observing date. The date refers to the
spectrum reported in Table 2 and plotted in the atlas (Fig. 4)
if on the first table row of any object.

Column (7).—Universal Time at exposure start, as for
column (6).
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Column (8).—Exposure time in seconds, as for column
(7).

Column (9).—This column flags the object according on
whether there was (1) no evidence for strong HBpc profile
variation (N), (2) positive evidence (Y), or (3) variation was
possible but confirming data are needed (P). Note that the
flag refers an analysis of the spectra listed in Table 5 on/y.

Column (10).—Comment on the variation and a refer-
ence if the source is known for variability.

No object showed remarkable changes in the line profiles
that may not have been discussed previously. We found var-
iations in objects that have been extensively studied: for
instance, NGC 4151 (Ulrich 2000 and references therein),
PG 1416—129 (Sulentic et al. 2000b), B2 15124370
(Romano, Marziani, & Dultzin-Hacyan 1998). The role of
variability in the El parameter space will be discussed in a
companion paper.

Weak HpBpc.—A few borderline cases for which
W(HpBpc) is rather small have been considered. Some
objects could be transient undergoing strong line changes
(see NGC 4151 and PG 1416—129; see also below). Other
objects may have only a “very broad-line component”
which would be a dangerous source of confusion in stat-
istical studies. We suggest that 3C 232 (J09583+3224) is
a prototypical case. In that source FWHM(H/jpc) =
13,000 km s~! and W(Hppc) ~ 45 A, unusually low for a
population B, radio-loud source. It is not a unique case
as 3C 110, and B2 1721434 show similar spectra. Other
low-W(HQBgc) sources show profiles similar to that of 3C
232, but with a prominent narrower core (still too broad
to be attributed to Hfne: for example, J09466+0725.
These objects resemble PG 1416—129, which has under-
gone a strong continuum change (Sulentic et al. 2000b)
and subsequent quenching of the classical BLR emission.
As a result, it is possible that only the innermost very
broad component, and emission a few light years away
from the continuum sources, are likely sources of broad-
line emission. Considering the profile of Hp, it is very
unlikely that these objects are radio-loud NLSyl’s, as
recently suggested (see, e.g., PKS 2004—447; Oshlack,
Webster, & Whiting 2001).

In one case, NGC 1275, Hfpc may be almost completely
absent. The width of He 11 \4686 suggests, however, that

TABLE 5
OBJECTS WITH REPEATED OBSERVATIONS

Exp. Time
IAU Code Name Common Name Obs. Date U.T. Obs. Date U.T. Exp.Time Flag Notes
(1) @) 3) ) ©) ) ®) ©) (10)

J00059+1609 ............ PKS 0003415 1990 Oct 19 06:50 3000 1996 Oct 14 04:02 3600 P Hfpc red wing change?
J00059+1609 ............ PKS 0003+15 1995Jun29  10:51 2400

J00063+2012 ............ Mrk 335 1990 Sep 18~ 06:10 500 1996 Oct 13 04:02 3000 N

J00063+2012 ............ Mrk 335 1995Jun01  02:39 3600

JOO105+1058 ............ 11 Zw 2 1990 Sep 18 06:24 1200 1994 Oct 08 02:07 5400 N

JOO105+1058 ............ 11 Zw 2 1995Jul01  09:50 3600

J00457+0410 ............ PG 00434039 1994 Oct 09 02:57 6000 1990Sep20  05:44 2700 N

J00535+1241 ............ 1Zw1 1990 Sep 19 07:48 600 1994 Oct 07  04:11 5400 N

J00535+1241 ............ 1Zw1 1996 Oct 14 04:54 2700

J00548+2525 ............ PG 00524251 1990 Oct 18 06:29 1800 1994 Dec09  03:39 3600 N

Note.—Table 5 is available in its entirety in the electronic edition of the Astrophysical Journal Supplement. A portion is shown here for guidance

regarding its form and content.
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broad-line emission is indeed present. We have provided an
HpBpc component fit, but its merit is merely indicative.

6. CONCLUSIONS

We present spectra for the HG spectral region in 215 AGNss
including 77 RL sources. While RL are overrepresented, we
suggest that this sample may be large enough to reasonably
characterize AGN broad-line phenomenology at least in low-
redshift sources. The spectral atlas reveals an impressive spec-
troscopic diversity. This suggests that average quasar spectra
are likely to have physical meaning only if this diversity is
taken into account (Sulentic et al. 2002). We discuss possible
sample and spectroscopic measurement biases. We also con-
sider the major properties that affect the reproducibility of
the measurements including the presence/absence of an
NLR component in the narrowest profiles and the certain
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presence of an additional redshifted very broad component
(VBLR) in the broader profiles.

Despite its biases, our sample is very useful for a tests and
analysis of the E1 parameter space, especially since both
FWHM(H(gc) and Ry, , do not show any appreciable
dependence on source luminosity. Another major result is
the robustness of the I Zw 1 Fe 11, spectrum as a template
for fitting optical Fe 11 emission for any line width and
strength. Comparison of the FWHM values adopted for the
Fe 11, template subtraction with the FWHM(H 8pc) meas-
ures confirms the likelihood of a common origin for the two
lines. The discovery that Hfpc is broader than Fe 1 A4570
in population B sources is likely connected with the extra
VBLR component associated with Hf.

P. M,, R. Z, M. C,, and R. B. acknowledge financial
support from the Italian MURST through Cofin 00-02-004.
D. D.-H. acknowledges grant IN 115599 PAPIIT-UNAM.
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