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Supervisor: Gregory A. Shields

This dissertation addresses the co-evolutionary relationship between central super-

massive black holes and host galaxies. This relationship is suggested by observed

correlations between black hole mass (MBH) and properties of the host galaxy bulge.

We first discuss investigation of the relationship between MBH and host galaxy ve-

locity dispersion, σ∗, for quasars in the Sloan Digital Sky Survey (SDSS). We derive

MBH from the broad emission line width and continuum luminosity, and σ∗ from

the width of narrow forbidden emission lines. For redshifts z < 0.5, our results

agree with the locally-observed MBH − σ∗ relationship. For 0.5 < z < 1.2, the

MBH − σ∗ relationship appears to evolve with redshift in the sense that bulges are

too small for their black holes. Part of this apparent trend can be attributed to
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observational biases, including a Malmquist bias involving the quasar luminosity.

Accounting for these biases, we find approximately a factor of two evolution in the

MBH − σ∗ relationship between the present and redshift z ≈ 1. The second topic

involves a search for the largest velocity dispersion galaxies in the SDSS. Black holes

in quasars can have MBH exceeding 5 billion M⊙, implying σ∗ > 500 km s−1 by the

local MBH − σ∗ relationship. We present high signal-to-noise HET observations for

eight galaxies at redshift z < 0.3 from the SDSS showing large σ∗ while appearing

to be single galaxies in HST images. The maximum velocity dispersion we find is

σ∗ = 444 km s−1, suggesting either that quasar black hole masses are overestimated

or that the black hole - bulge relationship changes at high black hole mass. The

third topic involves work contributed to co-authored papers, including: (1) evidence

for recoiling black holes in SDSS quasars, (2) the σ[O III] - σ∗ relationship in active

galactic nuclei (AGN), and (3) accretion disk temperatures and continuum colors

in quasars. Lastly, we discuss research in progress, including: (1) possible physical

influences on the width of narrow emission lines of SDSS AGN, including the gravi-

tational effect of the black hole, and (2) a search for binary AGN in the SDSS using

double-peaked [O iii] emission lines.
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Chapter 1

Introduction

1.1 The Black Hole Mass - Galaxy Relationship

Galaxy formation and evolution is an important topic in astronomy, though one that

is not well understood. Of particular importance is the relationship between galax-

ies and supermassive black holes. Nearly every elliptical galaxy and galaxy bulge

harbors a central supermassive black hole, presumably a relic of previous quasar

activity. These holes span a range in mass from hundreds of thousands of solar

masses in the dwarf elliptical galaxy POX 52 (Barth et al. 2004) to billions of solar

masses in the giant elliptical galaxy M87 (Harms et al. 1994). The discovery that

the mass of these black holes is closely coupled to properties of the galactic bulge,

e.g. bulge luminosity (Magorrian et al. 1998), has led to much speculation about

what drives these correlations and how this is related to the formation and evolution

of galaxies. The correlation between black hole mass, MBH, and bulge stellar veloc-

ity dispersion, σ∗, is especially strong (Gebhardt et al. 2000a; Ferrarese & Merritt

2000). This relationship takes the form MBH ∝ σ4
∗ (Tremaine et al. 2002). The

velocity dispersion is a measure of the random velocity distribution of stars orbiting

in the bulge and is therefore a direct measure of its mass, Mbulge. The more massive
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the bulge, the more massive the central black hole. The black hole - bulge rela-

tionship has been established for nearby galaxies with 105 − 109 M⊙ central black

holes (e.g. Gebhardt et al. 2000a), but the cause of the tight relationship is not

well understood. Galaxy merger models have successfully reproduced the observed

black hole mass - velocity dispersion relationship in terms of quasar episodes, in

which the merger process drives gas to the center of the remnant galaxy and fuels

the merging black holes (e.g. Di Matteo et al. 2005). Energy from the luminous

accretion onto the black holes couples with the surrounding gas and sweeps it out

of the galaxy, simultaneously shutting down black hole growth and star formation

(Silk & Rees 1998; Fabian 1999; King 2003), thereby fixing the black hole mass -

velocity dispersion relationship in its observed form. These models offer a promising

mechanism by which galaxy scaling relationships are formed, but it is vital to con-

strain them with observations at different epochs. The apparent connection between

galaxy formation and quasar activity provides a useful probe into the comparative

evolution of the galactic bulge and the central black hole at early lookback times.

Highly-luminous active galactic nuclei (AGN), particularly quasars, are suf-

ficiently bright to be observed at vast distances, corresponding to large lookback

times. Unlike galaxies, AGN continua span many decades in frequency, from radio

to X-ray, and are thus not superpositions of stellar continua. The luminosity range

for quasars is 1011−1014L⊙. The brightest of these is nearly a thousand times more

luminous than an entire normal galaxy. The current AGN paradigm explains this

extreme brightness in terms of luminous accretion of gaseous material onto a super-

massive black hole (Rees 1984). The accretion rate is determined by the amount of

mass conversion required to produce the observed luminosity: L = dM/dt = ηṀc2.

The relatively flat quasar continuum appears to be a composite of thermal emis-

sions from a superheated accretion disk and warm dust plus nonthermal components

from synchrotron emission of relativistic jets and Compton scattering. The accre-
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tion disk is very small, light-minutes to light-days in size. Just beyond the black

hole+accretion disk system are dense gas clouds that are excited and ionized by

emission from the accretion disk. The motions of these gas clouds are dominated by

the gravitational potential of the black hole, which Doppler broadens the emission

lines emanating from this so-called broad line region (BLR). Encircling the BLR is a

torus roughly light-years in diameter and comprised of warm dust. The dusty torus

may obscure the continuum source and BLR, depending on its orientation relative

to the observer. Beyond the dusty torus lies an extended region of less-dense gas

clouds referred to as the narrow line region (NLR) because of the relatively narrow

emission lines it produces. The NLR reaches hundreds of light years in size, and

extends into the host galaxy bulge. These gas clouds are ionized by photons from

the accretion disk, but with the exception of perhaps the lowest-luminosity AGN

(see Laor 2007), the NLR lies almost entirely beyond the gravitational influence of

the black hole. The kinematics of the NLR are instead dominated by the gravity

of the host galaxy bulge. Polar radio jets accelerate photons and material up to

hundreds of thousands of light-years from the nucleus, and may cause outflows as

evidenced by broad absorption lines in the continuum or asymmetry in emission

lines.

The peak of quasar activity occurs near a redshift of z = 2, corresponding to

a time when the universe was approximately a third its present age. Quasars have

been detected as far back as redshift z > 6, indicating that supermassive black holes

were in place at a time when the universe was less than a billion years old and the

first galaxies were forming. Given the abundance of quasars at earlier times, they

are likely predecessors of nearby quiescent galaxies with black holes that have long

been dormant (Lynden-Bell 1969). From the spectral features of quasars we can

assess properties of both the black hole and the host galaxy bulge, and therefore

study the black hole - bulge relationship as far back in cosmic time as is allowed by
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observations of high-redshift quasars. Ultimately, the goal is to address the question

of whether black holes grow before, after, or concurrently with, host bulges. Results

from studies of high-redshift quasars already suggest that the largest black holes in

the universe either grew more quickly than the host bulge or were in place prior to

the formation of the bulge (Walter et al. 2004; Shields et al. 2006a; Peng et al.

2006).

1.1.1 Black Hole Masses

For nearby galaxies, the black hole mass is measured from the kinematics of gas

and stars in the vicinity of the black hole. However, this method is not possible

for quasars, because the black hole sphere of influence is unresolved at such great

distances. Instead, we assume that the kinematics of the BLR are dominated by the

gravitational potential of the black hole, and that gas clouds orbiting in the BLR are

virialized. The expression for the mass of the black hole is then M ∝ v2R/G. The

velocity of the emitting gas clouds, v, is measured from the widths of broad emission

lines. The radius of the BLR, R, is determined using an observed relationship

between the radius of the BLR and the continuum luminosity. This relationship

was discovered by virtue of the reverberation mapping technique in which time

delays between fluctuations in the continuum and subsequent fluctuations echoed

by the broad emission lines are used to determine the size of the BLR (Wandel et al.

1999; Kaspi et al. 2000). The radius - luminosity relationship scales as R ∝ Lγ , with

γ = 0.5 − 0.7. Shields et al. (2003) chose γ = 0.5 on the basis of photoionization

physics, which assumes that the photoionization parameter, U , is equivalent for all

quasars: U = Q(H0)/4πr2nec where Q(H0) is the number of ionizing photons per

second, r is the radius of the BLR, and ne is the electron density; since Q(H0) ∝ L

we derive the relationship R ∝ L0.5. The geometry of the BLR must also be taken

into account, and is parameterized via f where M = f × v2R/G. If the BLR is

4



spherical in shape, f =
√

3; if it is spatially flattened, f =
√

3/2.

1.1.2 Bulge Stellar Velocity Dispersions

For nearby galaxies the stellar velocity dispersion is determined from stellar absorp-

tion features, but for quasars this is extremely difficult to measure, as the bright

nucleus overwhelms the starlight from the host galaxy. Nelson & Whittle (1996)

and Nelson (2000) used relatively low-luminosity AGN called Seyfert galaxies to

demonstrate a correlation between the stellar velocity dispersion and the width of

the narrow λ5007 [O iii] emission line. This correlation appears to hold over a wide

range in AGN luminosity (Bonning et al. 2005), and so we rely on the width of

narrow emission lines to represent the stellar velocity dispersion in quasars.

1.1.3 The Black Hole - Bulge Relationship as a Function of Cosmic

Time

Prior study of the coevolutionary relationship between black holes and host galaxies

has yielded mixed results. Shields et al. (2003) investigated the MBH−σ∗ relation-

ship in quasars as a function of lookback time using data gathered from literature,

and found no evolution by redshift z = 4. Shields et al. (2006a), however, found

an order of magnitude evolution in lensed quasars by redshift z ∼ 6. Treu et al.

(2004) and Woo et al. (2006) measured σ∗ directly in a sample of low-luminosity

Seyfert 1 galaxies at z = 0.37 in the SDSS and find that their measured σ∗ are too

small for MBH by a factor of 0.12 dex in log σ∗, corresponding to a factor of three

evolution in the MBH − σ∗ relationship. In a sample of lensed quasars Peng et al.

(2006) measured host galaxy luminosity instead of velocity dispersion, and found an

upper limit of a factor of two evolution in the MBH − Lbulge relationship at z < 1,

and a factor of four evolution for z > 1.7. Several factors may contribute to the

discrepancies in these results: the limited number of objects and marginal spectra in
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the Shields et al. (2003) high-redshift sample; the reliability of CO width as a sur-

rogate for σ∗ in Shields et al. (2006a); comparison of low- and high-luminosity AGN

samples; and the implicit assumption that the MBH −Lbulge relationship evolves in

a way similar to the MBH − σ∗ relationship.

1.2 The Highest Velocity Dispersion Galaxies

The ability to estimate black hole masses from spectral properties of quasars has

permitted study of black hole demographics over a wide range of mass. These

demographics indicate black hole masses ranging up to 1010 M⊙. The highest mass

black holes (> 5 billion M⊙) correspond to the most luminous quasars at high

redshifts. The black hole - bulge relationship for nearby galaxies predicts that such

black holes should inhabit galaxies with velocity dispersions > 500 km/s. Such

black hole masses are realistic in terms of what the Eddington limit predicts for a

minimum mass at these luminosities. From the quasar luminosity function of Boyle

et al. (2000) and an estimated quasar lifetime, Shields et al. (2006b) predict ∼ 200

black holes of this size per Gpc3. The velocity dispersion function of Sheth et al.

(2003), based on a sample of early-type galaxies at redshift z < 0.3, does not show

sufficient numbers of galaxies at the velocity dispersion predicted by the MBH − σ∗

relationship. These results are augmented by the findings of Walter et al. (2004) in

which CO is used to trace molecular gas in the most distant quasar found to date,

J1148+5251 at redshift z = 6.42, which corresponds to a time when the universe is

less than 1 Gyr in age. They find that the amount of dynamical mass is just enough

to account for the molecular gas and the mass of the central black hole, leaving little

to no room for a bulge even 10% of the size predicted by the MBH−σ∗ relationship.

Shields et al. (2006a) employ the width of the CO emission line as a surrogate

for σ∗ and find similar results—highly underdeveloped bulges, if the surrogacy is

reliable. Possible implications are that current methods for inferring quasar black
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hole masses overestimate the mass in the brightest quasars or that the normal black

hole - bulge relationship changes for the highest mass black holes (Netzer 2003).

The latter option may be influenced by changes in relationships between

galaxy parameters at high luminosities. The fundamental plane relates three basic

galaxy parameters: central velocity dispersion, mean surface brightness, and effec-

tive radius; the set of three correlations relating these parameters to each other forms

a plane in parameter space. The velocity dispersion - bulge luminosity (or Faber-

Jackson; Faber & Jackson 1976) relationship forms one projection of the fundamen-

tal plane. Recently, the slope of the σ∗ − L relationship has been shown to flatten

at high luminosities such that above a given luminosity, σ∗ increases more slowly.

There is some controversy as to whether this flattening represents a real change in

the relationship at high luminosity or reflects different slopes for the relationship for

different galaxy morphologies; the change in slope of the σ∗ −L relationship occurs

where the distribution of luminous core galaxies overlaps with that of less-luminous

power-law galaxies. How this flattening may affect the MBH − σ∗ relationship at

high mass is also contentious. Black hole mass correlates with velocity dispersion

and bulge luminosity, but it is not clear which is the more fundamental relation-

ship. If the black hole mass - bulge luminosity correlation is the more fundamental

relationship, then a change in slope of the σ∗ − L relationship could translate to a

change in the MBH − σ∗ relationship at high black hole mass.

1.3 Outline of the Dissertation

This dissertation represents a synthesis of several topics in AGN astrophysics, and

is based almost entirely on the wealth of data provided in the SDSS archive. This

data permits large-scale studies of quasar, black hole, and galaxy demographics,

as well as searches for rare and statistically important objects. We use the SDSS

archive to do both. In Chapter 2 of this dissertation we use quasar spectra from

7



the SDSS Data Release 3 (DR3) to supplement previous studies of the MBH − σ∗

relationship with an investigation of the coevolutionary relationship between black

holes and host galaxies in the redshift range 0.1 < z < 1.2. In Chapter 3 we take

another approach to the study of the black hole - galaxy relationship through high

signal-to-noise observations of the largest σ∗ galaxies identified in the SDSS DR2,

and discuss our results in the context of predictions from quasar demographics and

black hole mass - host galaxy bulge relationships. In the first part of Chapter 4 we

discuss contributions to co-authored papers involving: (1) a search for evidence of

recoiling black holes in quasars from the SDSS DR5; (2) comparison of accretion disk

temperatures and continuum colors in SDSS quasars to model predictions; and (3)

study of the σ∗-σ[O III] relationship in AGN using a variety of data from literature.

The latter part of this chapter is devoted to work in progress, including: (1) the use

of SDSS quasar composite spectra to study influences on the narrow lines of AGN;

and (2) a search for binary AGN candidates in the SDSS.
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Chapter 2

The Black Hole Mass - Galaxy

Bulge Relationship for Quasars

in the SDSS DR3

2.1 Introduction

In the nucleus of nearly every local galactic bulge lies a supermassive black hole, the

relic of previous active galactic nucleus (AGN) activity (see review by Kormendy

& Gebhardt 2001)1. The mass MBH correlates with bulge luminosity (Magorrian

et al. 1998) and stellar velocity dispersion, σ∗ (Gebhardt et al. 2000a; Ferrarese &

Merritt 2000). This relationship, established for nearby galaxies with 106 − 109 M⊙

black holes, is given by Tremaine et al. (2002) as

MBH = (108.13 M⊙)(σ∗/200 km s−1)4.02. (2.1)

1Portions of this chapter have been previously been published in Salviander, Shields, Gebhardt,
& Bonning (2007, ApJ, 662, 131) and Salviander, Shields, Gebhardt, & Bonning (2006, NewAR,
50 803).
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The cause of this tight relationship is not well understood. A popular class of

models envisions that black hole growth and star formation proceed simultaneously,

obscured by surrounding gas until the black hole becomes massive enough to support

a luminosity capable of blowing away the fueling gas and halting star formation (Silk

& Rees 1998, Fabian 1999; King 2003). Di Matteo et al. (2005) perform numerical

simulations in which energy deposition from the luminosity of the quasi-stellar object

(quasar) leads to ejection of residual gas, simultaneously shutting down black hole

growth and star formation. With a simple assumption about the heating efficiency,

they achieve a tight MBH−σ∗ relationship. This relationship can also be reproduced

by momentum-driven outflow (Murray et al. 2005). Begelman & Nath (2005) argue

that details of the accretion flow near the hole may be important for the MBH − σ∗

relationship.

Study of the MBH − σ∗ relationship for quasars with large look-back times

should give information about the comparative evolution of black holes and their

host galaxies. This involves measuring the mass of the black hole and the mass

(or velocity dispersion) of the host galaxy as a function of cosmic time. Shields

et al. (2003, hereafter “S03”) use the width of [O iii] λ5007 such that σ[O III] ≡
FWHM([O iii])/2.35, together with MBH derived from the width of the broad Hβ

emission line, to investigate the MBH − σ∗ relationship in quasars to a redshift of

z = 3.3. They define the “[O iii] mass” to be the black hole mass calculated using

Equation 2.1 with σ[O III] in place of σ∗. They find good agreement in the mean

with the measured MBH, which suggests little change in the MBH −σ∗ relationship

since redshifts z = 2 to 3. However, S03 had few objects at high z and none in the

redshift range 0.33 < z < 1.1.

In this paper, we extend the work of S03 using the Sloan Digital Sky Survey

Data Release 3 (SDSS DR3; Abazajian et al. 2005). The [O iii] lines remain in

the SDSS spectral window up to z ∼ 0.8. For higher redshifts, out to redshift of
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z ∼ 1.2, we use [O ii] λ3727 for σ∗ and Mg ii λ2798 in place of Hβ. We examine the

use of [O iii] and [O ii] as surrogates for σ∗, including the effects of emission-line

asymmetry, Fe ii emission, and radio luminosity on the [O iii] and [O ii] widths.

All values of luminosity used in this study are calculated using the cosmo-

logical parameters H0 = 70 km s−1 Mpc−1, ΩM = 0.3, and ΩΛ = 0.7.

2.2 Methodology

2.2.1 Deriving Black Hole Masses

The method for calculating black hole masses is summarized in S03. If the BLR gas

orbits the black hole, then MBH = v2R/G. The appropriate velocity is parametrized

as v = f× FWHM, where FWHM is the full width at half maximum of the broad

line used, and f depends on the geometry and kinematics assumed for the BLR

(McLure & Dunlop 2001). Some authors assume f =
√

3/2 for random orbits

(Netzer 1990). The BLR radius, derived from echo mapping studies, increases as

a function of the continuum luminosity, R ∝ Lγ with γ = 0.5 − 0.7 (Wandel et al.

1999; Kaspi et al. 2000; Kaspi et al. 2005). Kaspi et al. (2005) find that γ = 0.67

for the optical continuum, while McLure & Jarvis (2002) find γ = 0.61. Simple

assumptions involving photoionization physics suggest γ = 0.5 (S03). Bentz et al.

(2006) find γ = 0.52 ± 0.04 after correcting the sample of Kaspi et al. (2005) for

host galaxy contamination. The name “photoionization mass” for this method is

used regardless of the γ assumed. The difference between these slopes is not critical

for our study, as discussed below. We adopt S03’s formula

MBH = (107.69 M⊙)v2
3000L

0.5
44 , (2.2)

where v3000 ≡ FWHM(Hβ)/3000 km s−1 and the BLR continuum luminosity at

5100 Å is L44 ≡ νLν(5100)/(1044 erg s−1). For higher redshift objects where the
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5100 Å continuum is redshifted out of the spectral window, we measure the contin-

uum luminosity at 4000 Å and scale it to 5100 Å by assuming a power law function

fitted by Vanden Berk et al. (2001) for SDSS quasar composite spectra, Fν ∝ ναν

with αν = −0.44±0.1. The uncertainty has only a ∼ 1% affect on the derived MBH

when λLλ(5100) is inferred from the flux at λ4000. The adopted mass formula

(S03) is based on the γ = 0.5 fit in Figure 6 of Kaspi et al. (2000) and f =
√

3/2.

Onken et al. (2004) obtain a calibration of the black hole mass formula by forcing

agreement with the MBH − σ∗ relationship for Seyfert galaxies. This calibration

corresponds to f2 = 1.4, giving masses a factor 1.8 larger than f2 = 0.75. On the

other hand, Figure 2 of Kaspi et al. (2005) gives radii a factor 1.8 smaller at L44 = 1

than in Kaspi et al. (2000) (adjusted for cosmology), which reduces the mass by

this factor. Thus, our adopted formula corresponds closely to using the Kaspi et al.

(2005) radii and the Onken et al. value of f . The recommended fit of Bentz et al.

(2006), together with f =
√

3/2, gives MBH larger by 0.10 dex than Equation 2.2.

This constant offset has no effect on the redshift dependence examined here.

2.2.2 Surrogates for Bulge Velocity Dispersion

The velocity dispersion σ∗ for host galaxy bulges of AGNs is often difficult to measure

because of the luminosity of the active nucleus, and there is interest in possible

surrogates for σ∗. Nelson & Whittle (1996) show that σ∗ in Seyfert galaxies is

closely correlated with the width of [O iii] λ5007. Nelson (2000) uses σ[O III] =

FWHM([O iii])/2.35 as a surrogate for σ∗ in the MBH − σ∗ relationship and finds

a (1σ) dispersion of 0.2 dex. If this dispersion represents a real scatter in the

relationship, it indicates secondary influences on the width of [O iii]. The width of

[O iii] may be affected by outflow (Wilson & Heckman 1985; Whittle 1992; Nelson

& Whittle), as evidenced by the frequent presence of blue wings on the emission line.

Greene & Ho (2005) find, for a sample of SDSS narrow line AGN with measured σ∗,
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that [O iii] is affected by a blue wing more that [O ii] and [S ii]. However, Bonning

et al. (2005) examined [O iii] widths in PG quasars with measured host galaxy

luminosity and find that [O iii] widths agree well in the mean with the σ∗ expected

on the basis of the Faber-Jackson relation, with a dispersion of 0.13 dex in σ[O III].

[O iii] emission is often blueshifted with respect to lower-ionization lines, such as

[O ii], which show no average blueshift (or redshift) (Boroson 2005) and as such

may be more suitable surrogates for σ∗. The lower-ionization [O ii] emission may

emanate from a region of the NLR that is sufficiently distant from the nucleus so

that it is unperturbed by outflows, which may affect [O iii] emission (see Komossa

et al. 2008 and references therein).

2.3 Sample and Measurements

The quasars in this study were drawn from the SDSS DR3; spectra for all DR3

objects spectroscopically identified by the survey as quasars within the relevant

redshift range were downloaded from the DR3 Catalog Archive Server2. The Sloan

Digital Sky Survey is designed to map one-quarter of the sky (Stoughton et al. 2002).

All data are collected with the 2.5-m telescope at the Apache Point Observatory. The

SDSS DR3 covers a spectroscopic area of 1360 sq. deg. and contains spectroscopic

data for 45,260 quasars at z < 2.3 and an additional 5,767 “hi-z” quasars at z > 2.3.

Photometric data are collected in five different colors, u, g, r, i, and z, where g is

roughly equivalent to V in the Johnson magnitude system. The spectroscopic target

magnitude limit for quasars is PSF i < 19.1. The spectral resolution, R = 1850 for

the blue channel (λλ3800 – 6000) and 2200 for the red channel (λλ6000 – 9200),

which corresponds to a resolution of 162 km s−1 and 136 km s−1 for blue and red,

respectively. The spectra are sky subtracted and corrected for telluric absorption

features, though some strong night emission lines can persist at λ5577, λ6300, and

2http://cas.sdss.org/astro/en/
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λ6363 and in the infrared. We corrected the spectra for galactic extinction following

Schlegel et al. (1998) and O’Donnell (1994).

2.3.1 Spectrum Measurements

Spectrum measurements involved (1) subtracting the optical and ultraviolet Fe II

emission blends using empirical templates, (2) fitting the emission lines of interest

and measuring the continuum at suitable wavelengths with an automated procedure,

and (3) subtracting the instrumental width in quadrature from FWHMs for the

lines. An algorithm originally developed by one of the authors (K.G.) to measure

stellar absorption features was modified to process the SDSS spectra. The spectra

are rebinned in wavelength scale from logarithmic to linear with 1.41 Å pixel−1.

The continuum flux is measured at λ4000 and λ5100 in the rest frame, by taking

the mean flux over a range of 30 pixels centered on the desired wavelength. Our

choice of wavelengths was made in part to avoid strong emission lines. FWHMs

were measured for Hβ, [O iii], the [O ii] λλ3726, 3729 doublet, and the Mg ii

λλ2796, 2803 doublet using least squares fits of Gauss-Hermite functions. These are

more suitable than pure Gaussians to model the often peaky cores and asymmetrical

wings of AGN emission lines. The expression for a Gauss-Hermite function is

F (x) = Ae−x2/2σ2
[1 + h3f3(x) + h4f4(x)]

f3(x) =
1√
6
(2
√

2x3 − 3
√

2x)

f4(x) =
1√
24

(4x4 − 12x2 + 3).

Here h3 is a measure of the asymmetrical deviation from a Gaussian profile (h3 < 0

indicates a blue wing), and h4 represents the symmetrical deviation from a Gaussian,

or the “boxiness” of the profile (e.g. h4 > 0 indicates a more peaky rather than boxy

profile). The velocity dispersion σGH in the Gauss-Hermite formalism is roughly
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equivalent to the second moment for the line profile. For a pure Gaussian profile,

σGH is exactly equal to the second moment. When the profile deviates from that of

a Gaussian due to a blue wing, the σGH of the fit will be smaller than the second

moment by about 5% for a typical values (see below) of h3 = −0.1 and 10% for

a typical h4 = 0.1 (Pinkney et al. 2003). See Van der Marel & Franx (1993) for

further discussion. For this study, we take σ ≡ FWHM/2.35, where FWHM is

measured from the fits. For typical values of h3, σGH is larger than FWHM/2.35

by 0.05 dex. We examined the use of σGH in the MBH −σ∗ relationship for quasars

in this study and found no improvement in the scatter. The reliability of the fitting

program was verified by fitting artificial spectra with typical line parameters and

noise levels. Objects were selected for use based on error criteria described in §2.3.3,

and all spectra of the selected objects were visually inspected for quality of fit and

freedom from artifacts.

The [O ii] doublet is rarely resolved in the SDSS spectra, and we took two

approaches to measuring the deblended width. (1) The fitting program was used

to fit the doublet with the above fitting parameters. We used a fixed intensity

ratio I(λ3729)/I(λ3726) = 1.20 in order to reduce the number of free parameters

and the incidence of failed fits. This is based on our measurements of the average

intensity ratio of the more widely spaced [S ii] 6717/6731 doublet in 147 low redshift

SDSS quasars. The doublet ratios of [O ii] and [S ii] are roughly similar (see

Figure 5.3 of Osterbrock 1989). The uncertainty introduced by this approximation

is unimportant for our purposes, based on fits of [O ii] in real and mock spectra

using a realistic range of doublet ratios. The rms scatter of the [S ii] ratio is 0.1.

(2) Because of the substantial number of failed fits, even for a fixed doublet ratio,

we alternatively measured the width of the [O ii] doublet as a single line, which was

more often successful. We then derived the intrinsic line width from a calibration

curve based on modeling the doublet using two Gaussians over a wide range of
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widths, using a one-to-one intensity ratio. (Results differed insignificantly for other

reasonable intensity ratios such as 1.2.) This procedure was found reliable in tests

with simulated spectra; and results agreed for quasars where both approaches gave

successful fits. For our discussion of the MBH − σ∗ relationship below, we use the

results of approach (2) in order to maximize the number of objects. For discussions

of line shape parameters, we necessarily use the results of approach (1).

Our profile fits often underestimated the peakiness of the [O iii] lines, result-

ing in fits that cropped off the peaky tops of the lines and produced stubbier profiles.

Concern over the degree to which this might influence our results led us to measure

the widths for 100 of these cropped lines directly using the ‘splot’ package in IRAF

3. Objects with profile fits that were within ≤ 10% of the actual height of the [O iii]

line showed an insignificant discrepancy between our original measurement and the

‘splot’ measurement. For cropping > 10% of the actual height of the [O iii] line, the

discrepancy in FWHM was more significant, and we excluded these objects from our

data sample. This resulted in the removal of ∼ 10 % of the objects with otherwise

successful measurements of [O iii]. Approximately 40% of those excluded objects

had asymmetrical [O iii] profiles. (See § 2.5.1 for further discussion.)

The profile of Hβ was corrected for the narrow component by subtracting

from it an assumed narrow Hβ line (Hβn)with the profile and redshift of the λ5007

line but 10% of its flux. (The [O iii] λ5007/Hβn intensity ratio typically is ∼ 10 for

quasars; Baldwin, Phillips, and Terlevich 1981.) Gauss-Hermite functions model Hβ

adequately once this correction has been made, and in most cases a 10% subtraction

was appropriate. We also implemented a 20% subtraction, or no subtraction at all,

for visual comparison. Objects for which the 10% correction resulted in too little or

too much narrow-component subtraction were removed from the sample if the fit to

3IRAF is distributed by the National Optical Astronomy Observatories, which are operated by
the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.
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the broad component was affected. This was done for expedience in order to avoid

adjusting the fit manually. Very few objects were rejected for over-subtraction of the

narrow component, and approximately 14% of all the removed objects were rejected

for having [O iii]/Hβn ≪ 10 if this resulted in bad fit to the broad component. It is

possible that removing objects on this basis introduces a bias to the sample, in that

these objects tend to have low Eddington ratios. See §2.5.1 for further discussion.

Representative spectrum fits are shown in Figures 2.1 and 2.2.

2.3.2 Fe ii Subtraction

Significant difficulties in measuring properties of AGN spectra can arise from blended

Fe ii emission lines in both the UV and optical (Boroson & Green 1992; Kuraszkiewicz

et al. 2000; Vestergaard & Wilkes 2001). We modeled Fe ii emission in the optical

using a template from Marziani et al. (2003), generated from the spectrum of I Zw

1, an object with strong iron emission and relatively narrow “broad” emission lines.

The template shows two broad blended features in the regions of λλ4450−4700 and

λλ5150 − 5350 as well as three strong features in the region of [O iii] λλ4959, 5007

lines. Vestergaard & Wilkes present an empirical template for the region of λλ1250

– 3090 using the ultraviolet spectrum of I Zw 1. We have reconstructed this tem-

plate from their Figure 3 in the region of λλ2180 – 3060. In the region λλ2780 –

2830 centered on Mg ii, the Vestergaard & Wilkes template is set to zero. For this

region, we incorporate a theoretical Fe ii model of Sigut & Pradhan (2003) scaled

to match the Vestergaard & Wilkes template at neighboring wavelengths. In a very

few cases the Fe ii in the wings of Mg ii was too strong for reliable subtraction, and

these objects were excluded from our data sample.

Modeling of Fe ii emission for each of our spectra is carried out by first

convolving the optical template with the FWHM of Hβ and the UV template with

the FWHM of Mg ii, based on preliminary spectrum fits without Fe ii subtraction.
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Figure 2.1 Top panel: A fit to a representative spectrum from the HO3 sample, ob-
ject SDSS J000859.18+011351.1. Green and black lines correspond, respectively, to
the spectrum prior to and following subtraction of Fe ii emission. Bottom panel: A
fit to the individual emission lines; red line corresponds to fits to individual emission
lines: [O iii] and Hβ (with corrections for the narrow component corresponding to
subtraction of 0%, 10%, and 20% of the [O iii] emission.

18



Figure 2.2 A fit to a representative spectrum from the MO2 sample, object SDSS
J035230.55−071102.3. Lower panel: green and black lines correspond, respectively,
to the spectrum prior to and following subtraction of Fe ii emission. Upper panels:
red lines correspond to fits to individual emission lines: [O ii] and Mg ii.
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Subtraction of the optical Fe ii was done by scaling and subtracting the template

so as to give minimum deviation from a straight line between two 70 Å continuum

bands straddling the λλ5150 − 5350 Fe ii band. (If necessitated by the redshift,

we instead used the λλ4450 − 4700 Fe ii band.) Many of our quasars had redshifts

such that the short wavelength end of the ultraviolet Fe ii blend, which extends

down to λ2400, was inaccessible. This made it difficult to fit the entire template to

the spectrum or to determine the continuum slope precisely in this spectral region.

Therefore, the Fe ii template was scaled and subtracted so as to bring the flux in the

region λλ2980 – 3020 into agreement with the observed flux in the region λλ3020 –

3100, which is relatively devoid of Fe ii emission. We assumed an underlying power-

law continuum Fλ ∝ λ−1.21 (Vanden Berk et al. 2001) to scale the flux to 3000 Å

from 3060 Å. The model was subtracted from the spectra, and the continuum flux

and emission line parameters were measured again. All fits were visually inspected

following Fe ii subtraction and objects with failed subtractions were eliminated.

We examined the sensitivity of the UV Fe ii subtraction to various details

of our procedure. (1) Increasing the width of the Gaussian used to broaden the

template by a factor 2 resulted in a typical change in FWHM(Mg ii) of ±1 or 2%,

and a mean decrease of 1%. This indicates that uncertainties in the Fe ii broad

line width introduce insignificant errors. (2) Assuming a slope of Fλ ∼ λ−1.56 (i.e.,

Fν ∼ ν−0.44) instead of λ−1.21 to predict the flux at 2970 from flux at 3060 increases

the flux at 2970 by 1.1%. This gave a mean decrease in the fitted Mg ii FWHM by

0.4% and an rms change of 0.8%. Thus, uncertainties in the continuum slope in the

near ultraviolet, including typical object-to-object variations, have little effect on the

post-subtraction width of Mg ii. (3) We repeated our fits with the Fe ii template

set to zero in the region λλ2780 – 2830, rather than interpolating theoretical values

as described above. This resulted in a mean increase in Mg ii FWHM of 1.3%, and

an rms change of 2.2%.
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Although our procedure was insensitive to the details just described, the

Fe ii subtraction in about 20% of the objects appeared to be imperfect, most often

under-subtracted. This could result from noise or artifacts or a mismatch of the

template to the Fe ii spectrum of the object. In order to assess the degree to which

iron subtraction could affect the width of Mg ii, we performed the following tests:

(1) For a subsample of objects with various amounts of Fe ii, we scaled up or down

the amount of Fe ii measured as much as the data seemed to tolerate in a visual

inspection. This was done in particular for a number of quasars with sufficient

redshift to make the entire Fe ii blend down to λ2000 visible in the spectrum. For

most objects, an increase or decrease by 50% in the iron subtraction was clearly

wrong. However, at the level of 20% increase or decrease of the amount of Fe ii

found in the automated procedure, it became difficult to discern an under/over-

subtraction from an “ideal” subtraction. This factor of 20%, which we adopt as

the 1σ error for our iron subtraction, resulted in an average uncertainty of < 2%

in Mg ii width. (2) We also compared Fe ii-subtracted and -unsubtracted Mg ii

FWHMs to determine the effect of neglecting removal of Fe ii altogether, and found

that the effect of Fe ii-subtraction depends on Mg ii width. For objects with Mg ii

FWHM < 4000 km s−1, Fe ii-subtraction has the effect of increasing Mg ii FWHM

by an average of 7%, and by as much as 20%. For objects with Mg ii FWHM > 4000

km s−1 Fe ii-subtraction has the effect of decreasing Mg ii FWHM by similar factors.

This result can be understood as a function of how the Mg ii line profile changes

with Fe ii subtraction.

2.3.3 Subsample Selection

A lower-redshift subsample was created for study of the MBH − σ∗ relationship

using Hβ and [O iii] (hereinafter the “HO3” sample). These objects were selected

from among the survey quasars on the basis of redshift alone in order to include
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the widest possible range of luminosities. This corresponded to a redshift range of

z < 0.81, which ensures that the [O iii] emission lines are at least 100 Å inside the

SDSS wavelength limits. There are 12,263 DR3 quasars with z < 0.81. A series

of quality cuts were made, based on our measurements. Elimination of objects for

which Hβ or [O iii] lines were not fit by our program, due to low S/N or absence

of the line, left 11,057 objects. We eliminated objects with (1) Hβ FWHM < 1500

km s−1, (2) [O iii] FWHM <
√

2 × instrumental width (∼ 10% of all objects with

[O iii] measurements), and EW errors greater than 5% for (3) Hβ and (4) [O iii].

These four numerical cuts reduced the sample to (1) 9869, (2) 9474, (3) 5294, and

(4) 5036 objects, respectively. Further cuts were made to eliminate objects with

FWHM errors > 10%, absolute value of h4 ≥ 0.2, and reduced χ2 > 4. The h4 cut

was implemented to obtain the best fit for the largest number of objects—for the

[O ii] emission line in particular, our fitting algorithm would sometimes attempt to

fit troughs on either side of the emission line, which exist in the original spectra and

are presumably the result of low S/N. This produced an unreasonably large negative

value for the h4 parameter and a poor fit to the actual profile. The FWHM error,

h4, and χ2 cuts left 3999, 3749 and 3665 objects, respectively. A visual inspection

of the remaining spectra was conducted to remove objects with failed fits, poor

S/N, artifacts (e.g. cosmic ray spikes), and grossly irregular line profiles. Less

than 10% of the discarded objects were rejected for irregular line profiles. These

consisted mostly of objects with double-peaked Hβ profiles, which may be indicative

of SMBHs in low-luminosity, low-accretion states (Strateva et al. 2003; Eracleous

& Halpern 2003). Visual inspections yielded a final sample of 1736 objects.

We have not attempted to subtract the host galaxy contribution to the ob-

served spectrum or to remove objects with strong galaxy contributions (see § 2.5.1).

A second data subsample was created to study the MBH − σ∗ relationship

at higher redshifts using Mg ii and [O ii] (the “MO2” sample). There are 19,011
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DR3 quasars in the redshift range, 0.4 ≤ z ≤ 1.4, in which both Mg ii and [O ii]

are accessible. Our program produced fits for 5419 objects. The analogous quality

cuts as for the HO3 sample were then applied here with the exception of the EW

error cut. The 5% EW error cut was applied to Mg ii, but for [O ii] it yielded very

few objects. Therefore we relaxed the EW error cut to 10% for [O ii]. These cuts

left (1) 5419, (2) 5084, (3) 5084, and (4) 1034 objects (same numbering as for HO3).

Further cuts were made on the basis of FWHM errors > 10%, h4 ≥ 0.2, and reduced

χ2 > 4, as with the HO3 sample. The FWHM error cut resulted in 384 objects;

the h4 cut resulted in 349 objects; the χ2 cut had no effect; and visual inspections

yielded a final sample of 158 objects, with a maximum redshift of z = 1.19. Most

visual rejections were for noisy spectra that were accidentally well fit by the routine.

Only a handful of objects were discarded for irregularities in the line profile shape

(not due to low S/N). These consisted of double-peaked Mg ii lines. Less than 5%

of the objects were discarded for having excessive Fe ii emission. The small number

of useful objects largely reflects the weakness of [O ii] in most quasars. Physical

parameters for the HO3 and MO2 samples are listed in the Appendix.

With so few objects, we should ask whether there is something special about

quasars with measurable [O ii] that could bias our result. One concern is contami-

nation of [O ii] by emission from star-forming regions. High [O ii]/[O iii] line ratios

are believed to be indicative of this (Ho 2005; Kim et al. 2006), but for our objects

with [O ii] and [O iii] in common, we find that this ratio is not abnormally high.

The average [O ii]/[O iii] line ratio is 0.12, consistent with pure-AGN emission in

Type 1 objects (Kim et al.), with approximately 5% of our objects showing modestly

elevated ratios. Another concern is possible introduction of bias through correla-

tions between occurence of measurable [O ii] and spectral properties. In § 2.4.4 we

discuss correlations involving Fe ii emission and Eddington ratio.
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2.3.4 Radio Loudness

The radio-to-optical flux ratio, or radio loudness, was calculated for each object in

the two samples in terms of the parameter log R = log (Fr/Fo), where Fr and Fo

are the monochromatic flux Fν in the radio at 5.0 GHz and in the optical at λ4400

(B-band), respectively. Kellerman et al. (1989) define radio-quiet as log R < 0, and

radio-loud as log R > 1; but here we take radio quiet as log R < 1. Radio fluxes were

obtained from the SDSS Quasar Catalog III (Schneider et al. 2005), which quotes

the 20-cm peak flux density (AB magnitude) from the FIRST catalog (White et

al. 1997) for most DR3 quasars detected by FIRST as radio sources. For objects

not listed in the quasar catalog, radio fluxes were obtained from the FIRST catalog

directly. Radio fluxes for objects residing outside of the FIRST coverage area were

taken from the NVSS catalog (Condon et al. 1998). All radio fluxes were scaled

from 1.4 GHz to 5.0 GHz using a spectral slope of α = −0.5, where Fν ∝ να. The

quasar catalog includes a search radius of 30.0 arcseconds from the central optical

source, but we only consider sources within 2.0 arcseconds of the optical source. The

flux at λ4400 was scaled from our measurements of the spectrum at rest wavelength

λ5100 (HO3) or λ3000 (MO2). Because of the great range in log R among quasars,

the exact value of continuum slope used for scaling has little affect on the number

of objects that qualify as radio-loud quasars (RLQs) or on our conclusions.

We found 90 RLQs in the HO3 sample and 35 RLQs in the MO2 sample,

comprising ∼ 5% and ∼ 22% of the respective samples. Our RLQs ranged up to log

R = 4 and 5 for the HO3 and MO2 samples, respectively. About one-quarter and

one-fifth of the HO3 and MO2 RLQs, respectively, are identified by the catalog as

having extended FIRST emission. The percentage of RLQs increases with redshift

in the HO3 sample. Compared to the radio-quiet quasars (RQQs), the RLQs have

larger MBH and more luminous [O iii] emission lines with less prominent blue wings.

There is no consistent tendency for RLQs in the MO2 sample to be associated with
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greater MBH or higher [O ii] luminosity. For the redshift range in common, the

percentage of RLQs in MO2 is twice than in HO3.

2.4 Results

2.4.1 The Broad Lines

Figure 2.3 shows a strong correlation between Hβ and Mg ii widths, consistent with

McLure & Jarvis (2002). However, the Hβ widths tend to be larger than the Mg ii

widths for FWHM > 4000 km s−1. Using simulated spectra as described above,

we conducted a test in which the MO2 objects were given, object by object, Mg ii

profiles identical to Hβ in σ, h3, and h4, but with the measured Mg ii EW and

ultraviolet Fe ii strength. Our fitting procedure recovered the input parameters,

showing that the deviation of Mg ii width from Hβ width is not an artifact of the

fitting. In some cases, the difference in widths involves an extensive red wing on the

Hβ line. We have used FWHM of Mg ii and Hβ interchangeably in this work, but

we discuss below the effect of using a recalibration of Mg ii width based on Figure

2.3.

2.4.2 The Narrow Lines

Figure 2.4 compares FWHM of [O ii] (determined from single-line modeling de-

scribed above) and [O iii] for all objects in the quasar catalog showing both [O ii]

and [O iii]. In the mean there is good agreement, with log σ[O III] - log σ[O II] =

-0.013 and a dispersion of 0.12 dex. (For [O ii] modeled as a doublet, log σ[O III]

- log σ[O II] = 0.00 in the mean for the set of objects with successful fits.) The

presence of a blue wing, marked by a negative h3, is common for [O iii]. The [O ii]

lines also show negative h3, but neither as often nor as strongly as [O iii]. We find
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Figure 2.3 FWHM(Mg ii) versus FWHM(Hβ). The solid line represents a one-to-
one relationship, and is not a fit to the data. The mean difference in width is log
FWHM(Hβ) - log FWHM(Mg ii) = 0.05.
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a weak correlation between the Eddington ratio, Lbol/LEd (hereafter L/LEd), and

h3 for [O iii] (but not [O ii]), in the sense that greater L/LEd corresponds to a

larger blue wing on [O iii]. We take LEd = (1.26 × 1038 erg s−1)(MBH/M⊙), and

Lbol = 9νLν(5100) following Kaspi et al. (2005). Greene & Ho (2005) examine

narrow-line AGN in the SDSS DR2 with measured σ∗. They find that the width of

[O ii] is a better tracer of σ∗ than [O iii], which on average tends to be wider than σ∗

by ∼ 0.05 dex (without the [O iii] blue wing removed), rather more than the [O ii]

vs. [O iii] offset found here. Our sample consists of Type 1 (broad-line) objects,

for which Nelson & Whittle (1996) find better agreement between [O iii] width and

σ∗ than for Type 2 (narrow-line) objects. Some discrepancy may also arise due to

differences in modeling of the [O iii] profiles. For typical values of h3 and h4, σ

determined by Gauss-Hermite modeling of [O iii] profiles can be smaller than σ

measured from the second moment by up to 10%. Greene & Ho show that removal

of the blue wing of [O iii] results in a better tracer of σ∗. We find that the width of

[O iii] (but not [O ii]) does correlate with h3, but this does not appear to signifi-

cantly widen the [O iii] line compared to [O ii]. We examined the red and blue half

widths at half maximum intensity (HWHM) of [O iii] for our sample. In the mean,

the width of the blue side of [O iii] is larger than the red by 0.026 dex, confirming

that a blue wing tends to widen [O iii] by a modest amount. If the red HWHM

is essentially unaffected by the blue component, this suggests that the FWHM on

average is increased by 0.013 dex by the blue component. When we compare 2 ×
HWHM(red) of [O iii] to the FWHM of [O ii] we find that the average difference

is σ[O III] - σ[O II] = -0.028 dex. Consistent with Nelson et al. (2004), we find that

the degree of blue asymmetry on [O iii] is moderately correlated with greater opti-

cal Fe ii emission strength, and that the width of [O iii] is weakly correlated with

greater Fe ii strength.

Boroson (2005) finds that a significant blueshift of the [O iii] line, with
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Figure 2.4 FWHM([O ii]) versus FWHM([O iii]). The solid line represents a one-
to-one relationship, and is not a fit to the data. The mean difference in width is
<log FWHM([O iii]) - log FWHM([O ii])> = -0.013.
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respect low-ionization lines such as [O ii] and [S ii], correlates with broader [O iii]

line width, though not with blue asymmetry in [O iii]. Our results show a moderate

correlation between the width of [O iii] and the [O iii] blueshift (relative to [O ii]),

especially for objects with blueshift > 40 km s−1. Blueshifted [O iii] correlates

weakly with blue asymmetry in [O iii]. The average and maximum [O iii] blueshifts

for our sample, relative to [O ii], are 15 km s−1 and 420 km s−1, respectively,

compared with 40 km s−1 and 300 km s−1 in Boroson (2005).

The kurtosis of a line profile corresponds to the parameter h4, with positive

h4 signifying a profile more sharply peaked than a Gaussian. Ninety-five percent of

[O iii] lines show positive h4 , while 80% of [O ii] lines show positive h4. We find

a weak anti-correlation between [O iii] width and h4, which means that the boxier

lines tend to be broader. Conversely, we find a moderate correlation between [O ii]

width and h4 such that peakier lines tend to be broader. We find no significant

correlation between h4 for [O iii] or [O ii] and Fe ii strength. There is a weak

correlation between h4 and L/LEd for [O iii], in the sense that greater L/LEd

corresponds to peakier [O iii] profiles. There is no correlation between h4 for [O ii]

and L/LEd. The peakiness of the [O iii] profiles may be related to dust within

the emitting gas clouds (Wilson & Heckman 1985; Busko & Steiner 1989); the

combination of peakiness and blue asymmetry suggests a dusty NLR with outflow

(Netzer & Laor 1993).

2.4.3 The Narrow Line Width - Luminosity Relationship

S03 showed that the width of [O iii] is correlated with MBH, and Corbett et al.

(2003) find a strong relationship between [O iii] width and quasar luminosity using

composite spectra from the 2dF quasar Redshift Survey. However, this relationship

is not found by Corbett et al. for other NLR lines, including [O ii]. We find a weak

relationship between continuum luminosity and [O iii] width for RQQs (Spearman’s
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rank order coefficient rS = 0.280, with probability PS < 0.1% that a real correlation

is not present), and none between continuum luminosity and [O ii] width. Figure

2.5 shows the width-luminosity relationship for [O iii]. Corbett et al. argue that

the correlation between [O iii] width and luminosity suggests that the kinematics

of the NLR are affected to some degree by the gravitational potential of the central

black hole. However, the correlation could also involve the tendency of bigger black

holes (and bigger host galaxies) to be associated with more luminous quasars. It is

curious, then, that a correlation is not found for [O ii], given the overall agreement

between σ[O III] and σ[O II]. It is possible that the lack of correlation is due to the

limited dynamic range of [O ii] width and luminosity in our sample. When we

limited the [O iii] sample to a comparably-sized width and luminosity range, we

found that the correlation between [O iii] and luminosity disappeared.

2.4.4 The MBH − σ∗ Relationship

Figure 2.6 shows results for the MBH − σ∗ relationship using both the [O iii] and

[O ii] emission-line widths (the HO3 and MO2 samples, respectively) as surrogates

for σ∗, excluding RLQs. The solid line is not a fit to the data, but rather represents

the fit given by Equation 2.1 (the “MBH −σ∗ correlation”). Our results for z < 0.5

(see §5) are consistent with previous findings (Nelson 2000; S03; Boroson 2003;

Grupe & Mathur 2004), with the data points tending to scatter evenly about the

MBH − σ∗ correlation. Because of the large scatter, mostly attributable to the

scatter in σ[O III] as a surrogate for σ∗, there would be little meaning in fitting a line

to the data (see discussion in Boroson 2003). More meaningful is the dispersion with

respect to the local MBH −σ∗ relationship shown in Figure 2.6. This is 0.61 for the

HO3 sample (comparable with the findings of S03) and 0.67 for the MO2 sample.

Bonning et al. (2005) find a dispersion of 0.13 dex using σ[O III] as a surrogate for σ∗

inferred from host luminosity. Given the σ4
∗ dependence in Equation 2.1, the scatter
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Figure 2.5 Log σ[O III] as a function of log νLν(5100) (excluding radio-loud quasars).
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in the σ[O III] - σ∗ relationship, together with the smaller scatter of 0.3 dex in the

MBH − σ∗ relationship for galaxies (Tremaine et al. 2002), accounts for the scatter

in ∆ log MBH of 0.61 dex that we find here.

We follow S03 in comparing MBH (from Equation 2.2) with Mσ, defined as

the “[O iii] mass” or “[O ii] mass” calculated with Equation 2.1 using σ[O III] or

σ[O II] in place of σ∗. The mean ∆ log MBH ≡ log MBH− log Mσ in the HO3 sample

is +0.30 and +0.13 for RLQs and RQQs, respectively. The results of Bonning et al.

(2005) indicate that this RL - RQ offset could result from narrower [O iii] widths

for RLQs that underestimate σ∗ (see also S03). We find the opposite difference

between ∆ log MBH for RLQs and RQQs in the MO2 sample, such that the mean

∆ log MBH +0.16 for RLQs and +0.45 for RQQs. This may be an indication that

[O ii] is not affected by radio loudness in the same way as [O iii]. In fact, the

difference in widths of [O iii] and [O ii] is greater for RLQs than for RQQs, with

[O ii] tending to be broader than [O iii] by 0.04 dex for RLQs.

2.5 Redshift Dependence

Does the MBH − σ∗ relationship evolve with lookback time? We test this by seeing

how closely our black hole masses agree with the local MBH − σ∗ correlation as

a function of redshift (see SO3). Figure 2.7 shows the results for ∆ log MBH as

a function of redshift for both samples (RQQs only). Also shown in Figure 2.7 is

∆ log MBH averaged over redshift bins of ∆z = 0.1 for each sample. Table 2.1

shows various quantities averaged over these redshift bins. The mean ∆ log MBH

is +0.13 for the HO3 sample, which indicates that the black hole mass implied by

σ[O III] and Equation 2.1 on average is less than the measured MBH by 0.13 dex.

Note that this heavily weights the abundant low-redshfit quasars. We do not assign

great significance to this overall offset, which may be within the uncertainties in

the calibration of the formula for MBH and of the use of σ[O III] for σ∗. The mean
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Figure 2.6 The MBH − σ∗ relationship for our combined sample (excluding RLQs).
Small open and closed circles denote HO3 and MO2, respectively. For the HO3
sample, MBH is derived from the FWHM of Hβ and the continuum luminosity at
5100 Å; the velocity dispersion, σNL, is inferred from the FWHM of [O iii]. For the
MO2 sample, FWHM of Mg ii and [O ii] are used in place of FWHM of Hβ and
[O iii]. The continuum luminosity at 4000 Å is scaled to 5100 Å by assuming a
power law function, Fν ∝ ν−0.44. The solid line represents the MBH−σ∗ correlation
for nearby galaxies (Equation 2.1; Tremaine et al. 2002) and is not a fit to the data.
Large red and cyan circles represent mean MBH and σNL for HO3 and MO2 in
redshift bins ∆ z = 0.1. Error bars show the standard error of the mean. HO3
sample error bars are smaller than the data points. Note that the bins increase
monotonically in MBH with redshift for HO3 (see Table 2.1).
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Table 2.1. Average quantities for redshift bins

z (# of objects) νLν(5100) σNL MBH ∆ log MBH L/LEd FWHMBL

(erg s−1) (km s−1) (M⊙) km s−1

HO3 sample

0.15 (213) 43.77 2.14 7.59 0.11 -0.96 3.52
0.25 (344) 44.01 2.21 7.73 -0.04 -0.87 3.53
0.35 (403) 44.23 2.22 7.90 0.10 -0.82 3.56
0.45 (332) 44.40 2.24 7.98 0.10 -0.73 3.55
0.54 (200) 44.60 2.23 8.10 0.24 -0.65 3.56
0.64 (105) 44.75 2.21 8.25 0.49 -0.65 3.59
0.73 (47) 45.02 2.22 8.37 0.56 -0.50 3.59

MO2 sample

0.56 (14) 44.68 2.29 8.45 0.36 -0.91 3.71
0.65 (18) 44.78 2.25 8.30 0.37 -0.67 3.61
0.75 (43) 44.97 2.27 8.45 0.43 -0.62 3.64
0.85 (25) 45.01 2.26 8.48 0.50 -0.61 3.66
0.93 (14) 45.25 2.27 8.55 0.53 -0.45 3.62

Note. — Excludes radio-loud quasars. All quantities are in log units except for redshift. σNL

denotes σ[O III] for the HO3 sample and σ[O II] for the MO2 sample; FWHMBL denotes the Hβ
FWHM for the HO3 sample and Mg ii FWHM for the MO2 sample. Bins with fewer than ten
objects were excluded.

∆ log MBH for the MO2 sample is +0.41 dex.

Figure 2.7 shows an upward trend in ∆ log MBH, amounting to an increase

of roughly 0.45 dex from low redshift to z ≈ 1. Figure 2.6 shows the MBH − σ∗

relationship with log MBH and log σ averaged over the same redshift bins as in

Figure 2.7. Figure 2.6 shows that the rise in ∆ log MBH with redshift results from

an increase in MBH not accompanied by a commensurate increase in σ[O III] or σ[O II].

2.5.1 Uncertainties

Does the trend Figure 2.7 represent a real dependence of the MBH−σ∗ relationship

on cosmic time? A number of uncertainties and selection effects bear discussion.
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Figure 2.7 Redshift dependence of ∆ log MBH, where ∆ log MBH ≡ log MBH −
log Mσ (excluding radio-loud quasars). Small open and closed circles denote the
HO3 and MO2 samples, respectively. Red circles and cyan squares show the mean
∆ log MBH in redshift bins ∆ z = 0.1 for the HO3 and MO2 samples, respectively.
Error bars show the standard error of the mean. HO3 sample error bars are smaller
than the data points.
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Slope of the Local MBH − σ∗ Relationship

Wyithe (2006) proposes a log-quadratic fit to the local MBH − σ∗ relationship.

For our range of MBH, Wyithe’s expression has a slope d log MBH/dlog σ∗ = 4.5,

somewhat steeper than the slope of 4.0 in Equation 2.1. The average MBH in our

redshift bins (Table 2.1) increases by about 0.7 dex from the lowest three bins as

a group to the highest three bins. Over the corresponding range in expected σ∗,

MBH rises by ∼ 0.07 dex more in Wyithe’s fit than in Equation 2.1. If Wyithe’s fit

corresponds to the true MBH−σ∗ relationship, our use of Equation 2.1 exaggerates

the increase in ∆ log MBH with redshift by this amount.

Effect of the Radius - Luminosity Relationship

The mean luminosity of our quasars increases from log νLν(5100) = 44.0 for the

lowest three redshift bins (z ≈ 0.25) in Table 2.1 to 45.3 for the highest three

(z ≈ 0.95). A larger value of γ in Equation 2.2 would increase the MBH derived

for more luminous quasars, and amplify the trend of increasing ∆ log MBH with

redshift shown in Figure 2.7. The recent work of Bentz et al. (2006) argues against

a γ as large as 0.67 (Kaspi et al. 2005). If we used γ = 0.60, this would increase

the trend in ∆ log MBH over the above redshift range by 0.12, that is, from +0.4 to

+0.5 (prior to correcting for other biases).

Accuracy Cuts

Our restriction of our data set to the best quality measurements results in a severe

winnowing of the full number of quasars in DR3. This includes a factor 2 (HO3) or

3 (MO2) reduction by visual inspections of the quality of the data and the fit. For

the HO3 sample, there is already a trend of ∼ 0.3 in ∆ log MBH with redshift in the

starting sample following the equivalent width error cut. The other numerical cuts

have little effect on the trend, but the visual selection significantly raises the trend
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to the magnitude seen in Figure 2.7. For the MO2 sample, after the EW cuts, there

is about 0.5 dex overall offset with little redshift trend. The FWHM cut brings

this down to about 0.4 dex, and the other cuts have little effect. Finally, the visual

selection lowers the offset at lower z, strengthening the trend in the figure. Thus, the

overall sense of trend with redshift is present at all stages in the selection process,

but it is substantially affected by the cuts made, including the visual inspections.

Note however that the results prior to the inspections include a large percentage of

objects with badly failed fits or other problems, which clearly should be excluded.

Broad Lines

We noted above that for larger Hβ line widths, on average our measured Mg ii

widths are narrower than those of Hβ (Figure 2.3). If we use a linear fit to Figure

2.3 to calibrate the widths of Mg ii to bring them into agreement with those of Hβ,

this increases Mg ii widths for FWHM > 4000 km s−1 by ∼ 0.1 and MBH by 0.2 dex.

Using a linear least squares fit we find in units of km s−1: FWHM(Mg ii) = 0.645

FWHM(Hβ) + 890. Figure 2.8 shows how the recalibration strengthens the rise of

∆ log MBH with redshift in Figure 2.7, and gives a more consistent trend between

HO3 and MO2. The recalibrated results give ∆ log MBH = 0.64 and 0.66 for the

bins at z = 0.85 and 0.93, respectively. The recalibration somewhat strengthens the

trend of ∆ log MBH with z.

The HO3 and MO2 samples overlap for three redshift bins (Table 2.1). While

there is general agreement between the two samples, the typical FWHMBL (and thus

MBH) of the MO2 sample is systematically higher than that of the HO3 sample.

This must result from object selection, because for individual objects Figure 2.3

shows, if anything, slightly smaller FWHM for Mg ii than Hβ. If usefully strong

[O ii] correlates with wider Mg ii, does this represent a potential bias? Boroson

& Green (1992) find significant correlations between optical properties of quasar,
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known collectively as “eigenvector 1,” including an anti-correlation between the

strengths of [O iii] and optical Fe ii emission. Hughes & Boroson (2003) find a

similar relationship for [O ii] strength. Likewise, in our sample objects with [O ii]

strong enough to be detected have weaker Fe ii emission—optical as well as UV—

than other objects. In eigenvector 1, Hβ FWHM correlates with [O iii] strength

and anti-correlates with Fe ii strength. Quasars with detectable [O ii] will tend

to have wider broad-line emission and, for a given luminosity, larger MBH. This in

turn is related to the Eddington ratio (Boroson 2003). The possibility of a resulting

bias in ∆ log MBH should be kept in mind. Such a bias would require a systematic

connection between a quasar’s L/LEd and the ratio of MBH to host galaxy mass,

presumably involving the details of AGN fueling. (See §5.2 for discussion of biases

involving the quasar luminosity.)

Narrow Lines

We discussed above the removal of objects with [O iii]/Hβn ≪ 10. If these objects

systematically deviated from the MBH − σ∗ relationship in a redshift-dependent

way, their exclusion could bias the derived evolution. Note that this is not the same

issue as the tendency for [O iii] to weaken relative to broad Hβ with increasing

L/LEd (Boroson 2000). We examined 200 randomly selected objects that were

rejected from our HO3 sample and found that 27 (∼ 14%) of these were rejected

for having [O iii]/Hβn ≪ 10. We used the ‘splot’ package in IRAF to directly

measure the FWHMs of the broad-line component of Hβ for these removed objects,

and calculated their MBH and ∆ log MBH. While the redshifts of these objects vary

from z ∼ 0.1 − 0.5 they mostly resemble their lowest redshift counterparts in terms

of mean luminosity, MBH, ∆ log MBH, and Eddington ratio). The mean Eddington

ratio of the 27 objects is L/LEd = −0.98 and the mean ∆ log MBH = 0.04 ± 0.11.

Reintegration of all such objects into the HO3 sample would have a negligible effect
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Figure 2.8 Same as Figure 2.7, but using recalibration to bring Mg ii FWHM for
the MO2 sample into agreement with Hβ FWHM. Recalibration is based on a linear
least squares fit to the data of Figure 2.3.
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on our results.

We also noted above that for [O iii] lines with peaky profiles our fits tended

to crop the tops of the profiles. For roughly one in 10 quasars, the [O iii] lines

were cropped by > 10% of the [O iii] height, and were discarded from the sample.

Curiously, this does not affect the magnitude or offset of the scatter in the MBH−σ∗

relationship. The results for the heavily cropped objects showed that, if anything,

they tended to cluster more closely around the local MBH −σ∗ correlation than the

non-cropped objects when using our automated (cropped) fits. Whatever causes the

sharply peaked [O iii] lines, our fits happen to crop in such a way as to recover an

underlying profile similar in width to that of the non-cropped objects.

The tendency for spectra to become noisier with redshift means that, for a

given equivalent width, wider [O iii] and [O ii] lines are more difficult to measure.

This increases the chance that higher-redshift quasars with large σ[O III] or σ[O II]

will be rejected from the sample. To test the degree of bias introduced by this effect,

we generated mock quasar spectra with noise to mimic our HO3 sample. For each

object in the HO3 sample, we used the fitted line parameters (equivalent width and

σHβ) to generate the Hβ line with a pure Gaussian profile, and the measured 5100 Å

continuum flux to generate a power-law continuum of the form Fν ∝ ν−0.5 with a

continuum noise level equal to the observed noise at 5100 Å. The [O iii] doublet was

added using a pure Gaussian profile with the fitted [O iii] equivalent width from

the observed spectrum and a σ[O III] drawn randomly from a Gaussian distribution

with dispersion δσ[O III] = 0.13 dex (Bonning et al. 2005) centered on a value

inferred from the MBH value for the object and Equation 2.1. We then measured

the mock spectra as though they were real data. This simulation was run several

times, and we found a pattern of positive bias in ∆ log MBH that increases with

redshift. For the HO3 redshift bins given in Table 2.1, ∆ log MBH rises, on average,

from 0.03 dex in the lowest redshift bin to 0.17 dex in the highest. The result of
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these simulations suggests that due to increasingly noisy spectra with redshift, our

sample favors narrower σ[O III] (and presumably σ[O II]) for a given MBH. This bias

can account for ∼ 0.1 − 0.2 dex of the trend in ∆ log MBH in Figure 2.7.

Host Galaxy

We have not removed the host galaxy contribution to the quasar spectra. We have

estimated the galaxy contribution from the prominence of the Ca II K line in the

spectra (Greene & Ho 2006). We formed composite spectra, normalized to the

continuum at 4000 Å, of the objects in the various redshift bins of Table 2.1. The

Ca K line is conspicuous in the lowest redshift bin (z = 0.15), and becomes weaker

with increasing redshift, as the quasars become more luminous. We fit the z =

0.15 composite with a power-law continuum Fλ ∝ λ−1.56 combined with a typical

elliptical galaxy spectrum. We used the elliptical galaxy SDSS J141442.91−003236.8

at z = 0.185, which has σ∗ ≈ 220 km s−1 based on our fits to the spectrum with

a stellar template using a least squares fitting program. (We removed the narrow

[Ne III] λ3968 and broad Hǫ lines from the composite on the basis of the λ3869

and Hδ lines and standard intensity ratios. The subtraction of [Ne III] and Hǫ

has some effect on the red wing of the Ca K line but does not seriously affect the

derived equivalent width.) A ratio of galaxy to power law of ∼ 0.2 reproduces the

equivalent width of the Ca K line in the composite spectrum. By Equation 2.2

this implies that we are overestimating the MBH in this redshift bin by ∼ 10%.

This is insignificant for our conclusions. The EW of Ca K suggests that the galaxy

contribution becomes even less important with increasing redshift. This is consistent

with the fact that L/LEd increases with redshift (Table 2.1), implying an increase

in L/Lgal if Lgal ∝ MBH (see Greene & Ho 2006). Treu et al. (2004) found a ∼ 50%

galaxy contribution in their SDSS AGN at z = 0.37. If the galaxy fraction in our

lowest redshift bins were this large, we would be overestimating MBH by ∼ 0.15 dex.
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The correction would be less at higher redhifts. Such a correction would increase

by ∼ 0.1 dex the trend in ∆ log MBH with redshift found below.

The effect of an underlying Hβ absorption line in the galaxy component

should be unimportant. Even for the E+A galaxies of Zabludoff et al. (1996), the

Balmer line equivalent width is only a few Å. The equivalent width of the broad Hβ

line is typically 100 Å or more, and the galaxy contributes only a fraction of the

total continuum.

2.5.2 Luminosity Bias

Another issue involves the effect of the limiting magnitude of the SDSS survey

along with our quality cuts, which favor brighter objects. (Such a potential bias

is mentioned by Treu et al. 2004.) This leads to a correlation between νLν(5100)

(hereafter LAGN), MBH, and z (see Table 2.1 and Figure 2.9). For nearby galaxies,

Tremaine et al. (2002) find an rms dispersion of δMσ = 0.3 in log MBH at fixed σ∗.

If, for a given galaxy mass, galaxies with larger MBH tend to have larger LAGN, such

galaxies will be over-represented in a flux-limited sample. This will lead to a positive

Malmquist bias in the average ∆ log MBH for the sample. The bias will be stronger

for a more steeply sloping galaxy mass function, which is starved for large galaxies.

Because the mass function steepens for larger mass, the bias could increase with

redshift. We give here a simple estimate of this bias as it affects our results. For the

sake of concreteness, we illustrate the effect using dimensional quantities for MBH,

etc. However, our analysis could be expressed in an equivalent dimensionless form.

We will argue that the magnitude of the bias depends on the typical luminosity

of the sample quasars at a given redshift, relative to the break in the slope of the

quasar luminosity function at that redshift.

The galaxy mass function is often expressed in terms of a Schechter (1976)
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Figure 2.9 Log νLν(5100) as a function of redshift. Open circles are the HO3 data;
closed circles are the MO2 data (excluding radio-loud quasars).
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function

Φ(Mgal) = Φ∗(Mgal/M
∗
g )−a e−Mgal/M

∗
gal . (2.3)

For redshifts z ≈ 1, Drory et al. (2005) find M∗
gal ≈ 1011 M⊙. For a typical

ratio MBH/Mbulge = 0.0013 (Kormendy & Gebhardt 2001), this corresponds to

MBH = 108.1 M⊙ if Mbulge ≈ Mgal. Table 2.1 shows that the average MBH in

our redshift bins progresses from below to above 108.1 M⊙ with increasing redshift.

Therefore, the possibility that the trend in Figure 2.7 involves such a bias is a

concern.

For a rough estimate of this bias, we carried out simple Monte Carlo trials.

Values of Mgal were distributed as in Equation 2.3 with M∗
gal = 1011 M⊙, covering

a wide mass range around M∗
gal. For each galaxy, MBH was drawn randomly from a

Gaussian distribution in log MBH centered on MBH = 0.0013 Mgal with an rms dis-

persion in log MBH of δMσ. For this MBH, the luminosity was drawn from a uniform

random distribution in LAGN (not log LAGN) between L/LEd = 0.001 and 0.3. This

crudely simulates our typical values of L/LEd; see below for alternative assump-

tions. The resulting quasar luminosity function mirrors the galaxy mass function,

with a break at Lbreak ≈ 0.5L0, where L0 = 0.3LEd(M
∗
BH) and M∗

BH = 0.0013M∗
gal.

Roughly speaking, we expect that at a given redshift, quasars brighter than some

minimum luminosity will have sufficient S/N to be retained in our samples. For

higher redshifts, this minimum luminosity will increase. We simulate this situation

by selecting from our Monte Carlo runs those quasars with LAGN > Lcut, where Lcut

is an adjustable parameter. The effect of increasing Lcut should indicate how the

bias varies with increasing redshift, because the higher redshift objects are typically

more luminous. In a given simulation, for each of several values of Lcut, we computed

average values of log Mgal, log MBH, log LAGN, and ∆ log MBH for the kept objects,

i.e., those having LAGN > Lcut. For the models, we have ∆ log MBH = log MBH -

log 0.0013 Mgal. Table 2.2 shows the results of these simulations for δMσ = 0.3 and
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0.5. As expected there is a bias in the sense of positive ∆ log MBH that increases

with Lcut/L0, reaching values as high as ∆ log MBH ≈ 0.5 for δMσ = 0.3 and 0.8 for

δMσ = 0.5. This bias has its origin in the dispersion of the black hole mass - bulge

relationship and is roughly proportional to δMσ.

Motivated by the observed quasar luminosity function (Boyle et al. 2000)

discussed below, we also computed models with an alternative form of the galaxy

mass function,

Φ(Mgal) = Φ∗[(Mgal/M
∗
gal)

−a + (Mgal/M
∗
gal)

−b]−1 (2.4)

with a = −3.41, b = −1.58. The bias is similar for the two different functional forms

of the mass function, when expressed as a function of Lcut/Lbreak (see Table 2.2).

How can we relate these simulations to our observed quasars? Consider a

model in which the probability of fueling the black hole, p(MBH), decreases with

increasing Mgal; but when fueling does occur, it follows our assumed probability

distribution for L/LEd. This will have the same effect on the observed number of

quasars at various values of LAGNand MBH as if we had assumed a modified galaxy

mass function Φ′(Mgal) = p(MBH)Φ(Mgal), where MBH = 0.0013Mgal. This sug-

gests that what matters for the bias is the slope of the quasar luminosity function.

As the slope becomes steeper with increasing LAGN, the bias will increase. A prac-

tical approach is therefore to compare our typical luminosity with the break in the

quasar luminosity function, redshift by redshift.

Boyle et. al (2000) give the B-magnitude luminosity function as

Φ(MB) = Φ∗
M{dex[0.4∆MB(α + 1)] + dex[0.4∆MB(β + 1)]}−1 (2.5)

with α = −3.41, β = −1.58, ∆MB ≡ MB−M∗
B(z), and M∗

B(z) = −21.92−2.5(k1z+

k2z
2) adjusted for our H0. Equation 2.5 is the magnitude version of Equation 2.4 for
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Table 2.2. Results of bias simulations

log log log log ∆ log log
Lcut/L0 Mgal MBH νLν(5100) MBH LAGN/Lbreak

Schechter, δMσ = 0.3
-1.37 10.35 7.57 -2.07 0.10 -0.51
-0.67 10.71 8.02 -1.57 0.19 -0.01
0.00 11.05 8.50 -1.03 0.34 0.53
0.48 11.33 8.93 -0.61 0.49 0.95

Schechter, δMσ = 0.5
-1.37 10.32 7.68 -1.98 0.25 -0.42
-0.67 10.58 8.13 -1.47 0.44 0.09
0.00 10.84 8.62 -0.95 0.67 0.61
0.48 11.05 8.99 -0.57 0.83 0.99

Boyle, δMσ = 0.3
-1.37 10.27 7.50 -2.13 0.12 -0.57
-0.67 10.65 7.98 -1.60 0.21 -0.04
0.00 11.01 8.50 -1.04 0.37 0.52
0.48 11.33 8.92 -0.59 0.48 0.97

Boyle, δMσ = 0.3, LAGN = 0.3LEd(0.0013Mgal)
-0.40 10.85 7.96 -1.41 0.00 -0.15
0.48 11.63 8.76 -0.63 0.00 0.63

Boyle, δMσ = 0.3, LAGN = 1.0LEd(0.0013Mgal)
-0.40 11.00 8.21 -0.92 0.09 -0.18

Note. — Average quantities for model quasars satisfying LAGN > Lcut in simulations (see text). Simulations
are defined by the assumed form of the galaxy mass function (Schechter or Boyle) with characteristic mass
M∗

gal, the dispersion δMσ in the MBH − σ∗ relationship, and the value of Lcut/L0, where L0 = 0.3LEd(M∗
gal).

Simulations are related to observed quasars through the quantity LAGN/Lbreak, where Lbreak ≈ 0.5L0 is the
luminosity at the break in the model quasar luminosity function, as explained in the text. Lower entries assume
quasar luminosity proportional to Mgal, but limited to LEd(MBH).
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luminosity rather than mass, and it is the motivation for our use of Equation 2.4.

Our z = 0.9 to 1.0 bin has a mean log νLν(5100)of 45.25. For this redshift, the break

magnitude in the Boyle et al. luminosity function is M∗
B = −24.50, corresponding to

log νLν(5100) = 45.28 for a typical quasar continuum slope of Lν ∝ ν−0.44 (Vanden

Berk et al. 2001). Thus, our average luminosity of the quasars in this redshift bin

is 0.03 dex fainter than L∗ for the observed luminosity function at this redshift. We

therefore consider simulations using Equation 2.4 with a value of Lcut adjusted so

that the mean luminosity of the kept quasars (LAGN > Lcut) is 0.03 dex fainter than

L∗ for the model luminosity function. This sample of kept objects has an average

∆ log MBH ≈ 0.21 for δMσ = 0.3. For the lowest redshift bin in Table 1 (z = 0.1 to

0.2) we similarly find a bias of ∼ 0.11. Therefore, this bias can account for a rise in

∆ log MBH of ∼ 0.1 from z = 0.1 to z = 1. This increases to a differential bias of

∼ 0.2 if we double the value of δMσ.

We also ran simulations in which all model quasars had L/LEd = 0.3 rather

than ranging down to 0.001 as above. (In this case Lbreak ≈ L0 = 0.3LEd(M
∗
BH)).

The bias in ∆ log MBH was only ∼ 0.02 larger in this case, when expressed in terms

of Lcut/L0. These and other trials show that the details of the L/LEd distribution

does not seriously affect the bias, as long as the selected model sample bears a given

relationship to the break in the model luminosity function. It is in this sense that

the simulation is essentially scale free, as noted above.

The bias considered here is, however, sensitive to the role of galaxy mass

in AGN fueling. The discussion above assumes a distribution in L/LEd that is

the same at each value of Mgal. Thus, fueling is proportional to MBH, with some

probability function for Ṁ/MBH. This means that a galaxy with a large black hole

for its mass is more likely to be seen as a quasar in our sample. Suppose, however,

that quasar fueling is instead governed by galaxy mass, such that LAGN is given

by some probability function for Ṁ/Mgal, independent of MBH. Now the quasar
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luminosity does not favor objects with large MBH relative to Mgal, even though there

is still a distribution in MBH for a given Mgal. Consequently, we expect no bias. We

conducted simulations in which LAGN/Mgal followed a linear probability distribution

from a maximum value L/LEd(0.0013Mgal) = 0.3 or 1.0 down to small values. These

trials gave zero bias, within the Monte Carlo noise. An intermediate case would

involve fueling tied to Mgal but a luminosity bounded by the Eddington limit. Table

2.2 gives results for two such simulations. For LAGN = 0.3LEd(0.0013Mgal), few

black holes are so small that the Eddington limit comes into play, and the bias is

essentially zero. For LAGN = 1.0LEd(0.0013Mgal), the Eddington limit affects many

of the quasars (those with smaller than average MBH), and the bias is significant but

not so large as in models with fueling proportional to MBH and the same average

LAGN/Lbreak.

The simulations show some bias even in the lowest redshift bin, which may

bear consideration in studies attempting to calibrate the prescription for MBH in

Equation 2.2 by using the MBH − σ∗ relationship (Onken et al. 2004). Our lowest

redshift bins for the observed quasars in fact have ∆ log MBH ≈ 0.1, consistent with

our bias estimate.

We conclude that, due to the scatter in the MBH − σ∗ relationship, obser-

vational selection favors the brighter quasars, and hence the bigger black holes, for

a given galaxy mass. This bias can account for ∼ 0.1 of the trend in ∆ log MBH in

Figure 2.7. The scatter in the MBH −σ∗ relationship δMσ is measured fairly well in

the mass range of our observed quasars, and seems unlikely to be as much as twice

the adopted value of 0.3. The bias appears not to be sensitive to the exact form the

the quasar luminosity function, judging from the two cases considered above, nor

is it sensitive to the detailed L/LEd distribution. However, the bias is sensitive to

whether quasar fueling is governed by MBH or Mgal. In the latter case, the bias is

reduced, and we derive a larger evolution in the MBH − σ∗ relationship.
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2.5.3 Conclusion

We have identified two significant biases involving the spectrum noise and luminosity

selection effects. Since these biases arise from two unrelated phenomena—the scatter

in the σ[O III] - σ∗ relationship and the scatter in the MBH−σ∗ relationship—we may

add them linearly to estimate their cumulative effect on the mean ∆ log MBH. We

find that much of the overall trend in Figure 2.7 can be attributed to these selection

effects. Specifically, there is a rise of ∼ 0.4 in ∆ log MBH from our lowest three

redshift bins to the highest three. Our nominal results for the spectrum noise bias

of ∼ 0.15 and the luminosity-driven bias of 0.1 combine to give a total bias of 0.25,

leaving a derived evolution of ∼ 0.2 in ∆ log MBH. The noise bias presumably is

well determined. An increase in δMσ with redshift could contribute to the measured

evolution, but this would still be a form of evolution of the MBH − σ∗ relationship.

If quasar fueling is driven by galaxy mass, the luminosity bias is reduced, and the

derived evolution becomes ∼ 0.3. Alternatively, if we recalibrate the Mg ii width as

discussed in §2.5.1, the derived evolution again becomes ∼ 0.3.

2.6 Discussion

After accounting for selection effects, we find some evolution in the ∆ log MBH

relationship in the redshift range z = 0.1 - 1.2, such that black holes are too large

for a given velocity dispersion. In contrast, S03 found no systematic evolution in

∆ log MBH by redshift z ≈ 2 - 3. The reason for this difference is unclear. S03’s

high redshift objects had log MBH ∼ 9.5 while our z ≈ 1 objects typically have

log MBH ≈ 8.5. SO3’s high redshift quasars have very wide [O iii] lines, with

σ[O III] ≈ 500 km s−1. However, the sample was small and the spectral resolution

marginal.

Treu et al. (2004) measured σ∗ in a small sample of SDSS AGN at redshift
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z ∼ 0.37. They find ∆ log σ = −0.16, corresponding to ∆ log MBH = +0.64.

(Excluding one outlier with large measurement errors in σ∗, their result becomes

∆ log σ = −0.12.) There is no such offset in the low redshift AGN sample that they

use for comparison (Merritt & Ferrarese 2001). While noting the need for a larger

sample, Treu et al. raise the possibility of evolution in the MBH − σ∗ relationship.

Our results show no offset of this magnitude in the redshift range of Treu et al.’s

study. Using the SDSS spectra, we have measured the [O iii] line widths of the six

SDSS objects for which Treu et al. quote a value of σ∗. On average, σ[O III] is larger

than their quoted σ∗ by 0.09 dex, and in particular the outlier in σ∗ has a σ[O III] in

agreement with the local MBH −σ∗ relationship. Perhaps this is an indication that

Treu et al.’s measurements of σ∗ are affected by contributions to the starlight from

relatively face-on galactic disks, a possibility that Treu et al. note. We also find

that a direct measurement of the FWHM of the broad Hβ line in Treu et al.’s SDSS

objects is typically narrower by ∼ 0.1 dex than the FWHM implied by Treu et al.’s

measurements of the second moment of the Hβ profile (i.e., the “rms” multiplied

by 2.35). As a result, the offset in ∆ log MBH resulting from our measurements of

the Treu et al. objects is considerably less than their result. It will be important to

obtain high S/N measurements of σ∗ for a larger sample of AGN.

Using infrared spectra by Sulentic et al. (2004), Shields et al. (2006a)

analyze MBH and σ[O III] for nine quasars at an average redshift of z = 1.3 and

find a mean ∆ log MBH = 0.3. This resembles our result, but involves somewhat

larger black holes with a mean log MBH = 9.3. Peng et al. (2006) summarize

measurements of quasar host galaxy magnitudes for lensed quasars at redshifts up

to z ≈ 4.5. After allowance for evolution of the host galaxy stellar population, Peng

et al. find an upper limit of a factor of 2 evolution in the MBH/Mgal mass ratio for

1 < z < 1.7, consistent with our result. At z > 1.7, the black holes are too large

for the host galaxies by a factor of 4. This assumes an evolution of the MBH-Lbulge
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relationship similar to that of the MBH − σ∗ relationship. Both results suggest

that BHs were larger relative to the bulge in the past. The host galaxies must have

acquired much of their present-day mass after growth of the black hole was largely

completed. Croton (2006) presents simulations of galaxy and black hole growth in

which he finds a decrease in MBH/Mbulge with time. His “dynamic” model shows a

decrease in MBH/Mbulge by a factor of two from z = 1 to the present, similar to our

observational result. This involves growth of the bulge by late-time mergers that do

not significantly fuel black hole growth.

This scenario differs from the evolutionary sequence modeled by Di Matteo

et al. (2005; see also Robertson et al. 2006), who compute mergers of disk galaxies

in which most of the stars are already formed. The modest initial black holes grow

by accretion of gas until the AGN luminosity expels the residual gas. The expulsion

terminates black hole growth and gives a remarkably tight MBH − σ∗ relationship,

but in this case the black hole catches up to the stellar mass of the galaxy. The need

for the quasar luminosity to deposit sufficient energy in the gas to liberate it from

the host galaxy gravitational potential gives a plausible connection between MBH

and σ∗ that does not play the same role if the host galaxy must catch up to that of

the black hole.

Shields et al. (2006a) have investigated the MBH − σ∗ relationship in high

redshift quasars using the width of the radio CO lines as a probe of the galactic

potential. Taking σCO ≡ FWHM(CO)/2.35 and MBH derived from the width of the

broad Mg II and C IV lines, they find ∆ log MBH = 1 - 2 for z = 4 - 6. These are

large black holes with MBH ≈ 109.5 to 1010 solar masses and comparatively modest

host galaxies. (An uncertainty is the possibility of relatively face-on CO disks in

these quasars, as noted by Shields et al. 2006a and Carilli & Wang 2006.) This

is in the same qualitative sense as offset from the local ∆ log MBH relationship

found by Peng et al. (2006) for their z > 1.7 quasars. However, Shields et al.
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(2006a) argue that, in general, the host galaxies of their high redshift quasars will

never catch up to the expected mass for their MBH, because the present day galaxy

luminosity function does not contain sufficient numbers of galaxies of the necessary

size (Shields et al. 2006b). While the hosts of the z > 4 quasars of Shields et

al. (2006a) may experience some later growth, these extreme black holes evidently

represent a breakdown in the MBH − σ∗ relationship observed locally for smaller

masses.

2.7 Conclusion

We have used the SDSS DR3 to assess how well quasars up to redshift z ≈ 1 follow

the MBH − σ∗ relationship for nearby galaxies. We created two data samples: one

consisting of objects with the optical emission lines Hβ and [O iii] in the approx-

imate redshift range 0.1 < z < 0.8 (the HO3 sample) to compare with results of

previous studies; the other sample consisting of objects with rest-frame ultraviolet

lines, Mg ii and [O ii], with redshifts z < 1.2 (the MO2 sample). We found that the

widths of [O iii] and [O ii] show overall agreement, with a mean log σ[O III] - log

σ[O II] of -0.013 and a dispersion of 0.12. There is generally good agreement between

the widths of Hβ and Mg ii, though for wider Hβ lines, Mg ii tends to be narrower

than Hβ. The mean log FWHM(Hβ) - log FWHM (Mg ii) is 0.05. Thus Mg ii and

[O ii] can be used to study the MBH−σ∗ relationship up to redshifts z ≈ 1.2. There

is little evolution in the MBH − σ∗ relationship between now and redshift z ∼ 0.5.

For redshifts z > 0.5 there is a trend in ∆ log MBH with redshift in the sense that

bulges are too small for their black holes. Part of this trend results from selection

effects. Accounting for bias, we find 0.2 dex evolution in the ∆ log MBH relationship

between now and redshift z = 1, corresponding to a time when the universe was

approximately six billion years old. Evolution of this nature is predicted by some

models of galaxy and black hole growth.
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Chapter 3

In Search of the Highest

Velocity Dispersion Galaxies

3.1 Introduction

The use of broad emission lines in quasars to measure black hole mass, MBH, allows

study of black hole demographics over a large volume of space. The largest black

hole masses range up to 1010 M⊙, exceeding the largest MBH (109.5M⊙) measured

for nearby galaxies. Shields et al. (2006b) derive a space density of 200 Gpc−3 for

black holes with MBH > 109.7M⊙ based on broad line widths in the most luminous

quasars. Wyithe & Loeb (2003) find a similar result based on the assumption that

all quasars are radiating at their Eddington limit. However, from the MBH − σ∗

relationship (Gebhardt et al. 2000a; Ferrarese & Merritt 2000; Tremaine et al.

2002), a black hole with mass 109.7 M⊙ corresponds to a velocity dispersion of 500

km s−1, larger than any σ∗ observed in local galaxies. Indeed, in a volume of space

∼ 0.5 Gpc3 (approximately corresponding to the SDSS DR2; Strauss et al. 2002)

none appear to have σ∗
>
∼ 430 km s−1 (Bernardi et al. 2006, 2008, hereafter B06 and

B08 respectively). These seemingly contradictory results raise the question of where
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the largest black holes reside, and what value of σ∗ characterize their host galaxies.

Accurate knowledge of the largest values of σ∗ that occur in galaxies is there-

fore important for the understanding of the largest black holes in the universe, as

well as having obvious bearing on the evolution of the largest galaxies. However,

the signal-to-noise (S/N) of survey spectra—especially in the case of higher redshift

galaxies—is often too low to make an accurate determination of σ∗ or to confidently

rule out doubles and superposition as causes for large apparent velocity disper-

sions. With this goal in mind, we have selected eight galaxies that have amongst

the highest velocity dispersions in the sample of B08 and appear, in HST images

and SDSS spectra, to be single galaxies. We have obtained high S/N spectra with

the Hobby-Eberly Telescope (HET) to measure σ∗ with the greater accuracy and to

double-check the likelihood of superposition.

Absolute magnitudes used in this study are calculated using the cosmological

parameters H0 = 70 km s−1 Mpc−1, ΩM = 0.3, and ΩΛ = 0.7.

3.2 Sample Selection

B06 have studied high-σ∗ galaxies in a sample from the SDSS approximately cor-

responding to Data Release 2 with z ≤ 0.3, corresponding to a co-moving volume

of approximately 0.5 Gpc−3. The selection criteria are described in detail in B06.

Briefly, they chose early-type galaxies with Petrosian apparent magnitudes in the

range 14.5 ≤ rPet ≤ 17.75 and with measured velocity dispersions in the SDSS spec-

troscopic pipeline. Out of a total of ∼ 40, 000 galaxies, they found 100 candidate

galaxies with σ∗ > 350 km s−1. Of these, roughly half are superpositions as shown

by the SDSS images or spectrum line profiles. For most of the remaining objects,

B08 obtained HST images that in turn reveal roughly half of them to be superpo-

sitions. The surviving 23 objects have values of σ∗ ranging up to ∼ 430 km s−1 as

measured from the SDSS spectra. We selected eight of these objects based on their
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large σ∗ and availability in the sky during the proposed observing period. Figure

3.1 shows HST images of these galaxies from B08.

3.3 Observations and Data Reduction

Observations were obtained using the Marcario Low Resolution Spectrograph (LRS;

Hill et al. 1998) on the 9.2-m Hobby-Eberly Telescope during the period spanning

April - November, 2006. We used a slit width of 2′′, a 600 line mm−1 grating,

and a GG385 blocking filter; the 3072 × 1024 Ford Aerospace CCD has a plate

scale of 0.235 arcsec/pixel and was binned 2 × 2. Exposure times were 40 minutes

each. Wavelength coverage for this setup is 4300 - 7300 Å, with a resolving power

R = λ/∆λ = 650. The instrumental width is σinst = FWHM/2.35 = 200 km s−1.

On most nights the sky conditions were spectroscopic with 1.5−2.0 arcsecond seeing.

Table 3.2 lists the spectral extraction apertures and galaxy morphologies.

The data reductions were carried out with fortran algorithms developed

by one of the authors (K.G.) using standard reduction techniques. We first per-

formed CCD corrections for overscan. Flat fields were created from five images of

an internal continuum source and normalized, and each image was then divided by

the appropriate flat field. Rectification was performed by determining the x and y

locations of the spectra on the images and approximating a trace. Images were sky

subtracted using apertures for the night sky that were defined manually for each ob-

ject. Images for each galaxy were combined and then a 1-dimensional spectrum was

extracted by defining an aperture for the object and summing pixel values for each

wavelength bin. The wavelength scale was calibrated by means of a fourth-order

polynomial wavelength solution for an emission spectrum of a Cd lamp.
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Figure 3.1 HST images from B08 for the galaxies in Tables 3.2 and 3.3 (from top-left
across to bottom-right). Red circles show the size of the 3′′ SDSS fiber.

56



3.3.1 Measuring σ∗

Details of the spectrum modeling are described in Gebhardt et al. (2000b). Briefly,

we used an automated procedure to fit the spectrum separately in the regions of

the G-band line and the Ca II H+K lines using an adjustable combination of stellar

templates to simulate the spectrum of an elliptical galaxy. Table 3.1 lists the tem-

plate stars and their spectral types. There is some difficulty in simulating spectra

for large-σ∗ galaxies, because the stellar population is not well known. For this

reason, we constrained our fitting routine to the regions immediately surrounding

the G-band and Ca II H+K lines. A measurement for σ∗ was obtained through a

simultaneous fitting of the continuum and the velocity profiles of the G-band line or

the Ca II H+K lines until an optimal match to the galaxy spectrum was achieved

(see Figure 3.2). We modeled the velocity profiles using two methods: (1) least

square fits of a pure Gauss function; and (2) least square fits of a Gauss-Hermite

function, which is Gaussian multiplied by Hermite polynomials. The coefficients of

the Hermite polynomials, h3 and h4, characterize the asymmetrical and symmetrical

deviations from a pure Gaussian profile, respectively (see van der Marel and Franx

1993). The first two moments of the Gauss-Hermite represent the mean velocity and

velocity dispersion, σ∗. We quote the σ∗ measurements from fitting method (1), and

used the parameters of the fit from fitting method (2) as a check for binarity or other

irregularities. Goodness of fit was confirmed by visual inspection of the model fit

and velocity profiles for each galaxy.

Error bars were determined via Monte Carlo trials in which the initial data

were randomly varied based on the rms noise per pixel and then re-fitted as above

to get a σ∗. The standard deviation of σ∗ from 100 such trials determined the 1σ

level of error. The errors for the G-band fits and Ca II H+K fits are comparable,

but we quote only the σ∗ of the G-band measurement, since it is less susceptible to

template mismatch due to α-element enhancement (see Barth et al. 2002).
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Table 3.1. Template stars

Star Spectral Type

HD10761 G8 III
HD111812 G0 III
HD161797 G5 IV
HD199960 G1 V
HD219449 K0 III
HD220954 K1 III
HD39283 A2 V
HD81146 K2 III
HD85235 A3 IV
HD92588 K1 IV
G166-45 A5 V

Note. — Stars contributing
to the stellar template used
by the fitting algorithm to
simulate the continuum of an
elliptical galaxy.
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Table 3.2. Spectral extraction apertures and galaxy profile types

Galaxy aperture aperture profile
(SDSS J) (arcseconds) (kpc)

082216.5+481519.1 2.35 5.34 power-law
082646.7+495211.5 2.82 7.74 power-law
124609.4+515021.6 1.88 7.76 core
133724.7+033656.5 2.35 5.55 power-law
145506.8+615809.7 2.82 11.8 core
171328.4+274336.6 2.12 9.38 core
211019.2+095047.1 1.65 6.08 core
221414.3+131703.7 2.82 7.51 power-law

Note. — The HET spectra were extracted from the apertures
shown in columns 2 and 3. Galaxy profile types are from Bernardi
et al. (2008).

3.4 Results

Table 3.3 lists σ∗ measured for each galaxy from both the HET and SDSS spectrum.

Figure 3.3 shows that in most cases there is agreement within ±10%. The largest

σ∗ we find is 444 ±16 km s−1 for SDSS J082646.72+495211.5, which differs from

the SDSS spectrum measurement by ∼ 9%. The smallest σ∗ in our sample is 302

±18 km s−1 for SDSS J082216.57+481519.1, which differs from the SDSS spectrum

measurement by ∼ 25%. Figure 3.3 shows that the largest discrepancies are for

lower-σ∗ objects. We applied our fitting algorithm to the SDSS spectra, and our

measured dispersions agree with those reported in B06. There is no obvious reason

for the discrepancies. One possibility may be that the galaxies were selected for

large σ∗ from SDSS. Given the steeply dropping number of galaxies with increasing

σ∗, and the large number of galaxies in the full SDSS dataset, noise may act to

elevate a few objects from σ∗ ≈ 300 km s−1 to a measured value of σ∗
>
∼ 400 km s−1.
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Table 3.3. Physical parameters for galaxies

Galaxy z MV σ∗ σ∗ log MBH log MBH log MBH log Re

(SDSS J) (HET, G-band) (SDSS) (σ∗) (σ∗, quad.) (L)
(mag) (km s−1) (km s−1) (M⊙) (M⊙) (M⊙) (kpc)

082216.5+481519.1 0.127 -21.27 ± 0.042 302 ± 18 402 ± 28 8.85 8.84 8.28 0.337
082646.7+495211.5 0.159 -22.22 ± 0.009 444 ± 16 408 ± 26 9.52 9.69 8.79 0.547
124609.4+515021.6 0.269 -23.95 ± 0.052 404 ± 22 402 ± 35 9.36 9.47 9.70 1.249
133724.7+033656.5 0.133 -22.74 ± 0.004 419 ± 29 422 ± 31 9.43 9.57 9.06 0.645
145506.8+615809.7 0.274 -24.37 ± 0.015 408 ± 14 394 ± 36 9.31 9.42 9.92 1.460
171328.4+274336.6 0.297 -24.00 ± 0.010 378 ± 13 413 ± 27 9.40 9.52 9.73 1.108
211019.2+095047.1 0.230 -24.37 ± 0.004 309 ± 34 386 ± 32 9.28 9.37 9.92 1.093
221414.3+131703.7 0.153 -22.02 ± 0.008 342 ± 18 384 ± 28 9.27 9.36 8.68 0.391

Note. — MV calculated using r- and g-band magnitudes from Hyde et al. (2008) and the transformation from Jester et al. (2005).
Errors for MV were calculated by adding in quadrature weighted rms errors for Mr and Mg. σ∗,SDSS source: Bernardi et al. (2006).
MBH(σ∗) and MBH(σ∗-quad.) inferred from the MBH − σ∗ relationship quantified by Tremaine et al. (2002) and Wyithe (2006),
respectively; MBH(L) inferred from the MBH − L relationship quantified by Lauer et al. (2007a). Re is from Hyde et al. (2008).
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Figure 3.2 Fits to the G-band region of the spectrum for the power-law galaxies (up-
per panel) and core galaxies (lower panel) in Table 3.3. The absorption spike at 4297
Å in the spectrum of SDSS J171328.4+274336.6 is due to difficulty in subtracting
the 5577 Å night sky line, which occurs in the G-band for this galaxy.
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Figure 3.3 σ∗(SDSS) versus σ∗(HET). The error bars show the 1σ level of error. The
solid line shows the 1 : 1 relationship.

62



3.4.1 Tests for Binarity

We attempted to assess the likelihood of binarity by inspecting plots of the velocity

profiles for asymmetries and multiple components—flat-topped profiles in particular

indicate binaries. The strength of the Hermite coefficients h3 and h4 served as

numerical indicators of binaries: non-zero h3 indicates asymmetry, with h3 < 0

corresponding to a blue wing on the profile and h3 > 0 corresponding to a red

wing; h4 < 0 indicates a boxy or flat-topped profile. The |h3| and |h4| for each of

the galaxies in our sample were modest (< 0.1), and none of the velocity profiles

showed indication of asymmetry or multiple components. However, this method of

assessing binarity appears to detect only obvious binaries with very large measured

σ∗. We fit the SDSS spectra of the galaxies in Table 2 of B06, which are flagged as

superpositions, to see whether h3 and h4 would help to distinguish them as binaries.

We found that only in cases where measured σ∗
>
∼ 500 km s−1 and visual inspection

of the profile fits showed obvious signs of binarity did the |h3| and |h4| exceed 0.1.

We rely on the HST images and lack of gross effects on the line profiles to rule out

binaries, but cannot rule out precisely superimposed images and modest velocity

separations that could enhance measured σ∗.

3.4.2 The σ∗ − L Relationship

In Figure 3.4, we plot σ∗ against V -band absolute magnitude and compare our galax-

ies to the σ∗−L relationships and data from Figure 3 of Lauer et al. (2007a), which

includes galaxies with core, power-law, and intermediate type profiles. Lauer et al.

point out that the absolute magnitudes given for these galaxies by the SDSS catalog

are underestimated due to improper sky subtraction in the SDSS pipeline. Hyde

et al. (2008) corrected for this by carrying out their own photometric reductions

of these objects, so we follow B08 in adopting their r-band absolute magnitudes,

and convert to Johnson V -band magnitudes using the prescription from Jester et
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al. (2005) (V = g − 0.59[g − r] − 0.01). The four lowest luminosity galaxies agree

with the σ∗ − L relationship for power-law galaxies (L ∼ σ2
∗), while the higher lu-

minosity galaxies agree with the relationship for core galaxies (L ∼ σ7
∗)—a direct

analysis of the HST light profiles confirms that the low L objects are power-law

galaxies, and the others are core galaxies (Hyde et al. 2008). Figure 3.5 shows the

residual from the Faber-Jackson (L ∼ σ4
∗) relationship versus the residual from the

effective radius–luminosity relationship (Bernardi et al. 2007a). More concentrated

bulges are correlated with greater deviation from the Faber-Jackson relationship,

in the sense that our galaxies have measured velocity dispersions larger than what

is predicted from their luminosities. See Section §3.5 for the significance of this

correlation.

3.4.3 The MBH − σ∗ Relationship

Table 3.3 also lists black hole masses predicted from the MBH − σ∗ relationship

for nearby galaxies quantified by Tremaine et al. (2002) and from the log-quadratic

formulation of Wyithe et al. (2006). For our highest-σ∗ object, we predict MBH

≈ 109.5 M⊙ (Tremaine) and ≈ 109.7 M⊙ (Wyithe), rivaling MBH for M87 (Harms

et al. 1994) and recently that of Abell 1836-BCG, the most massive black holes

measured locally (Dalla Bontà et al. 2007). Note that the σ∗ of 375 km s−1 for M87

(Tremaine et al. 2002) places it above the MBH−σ∗ relationship by a factor of about

two in MBH. If the MBH − σ∗ relationship changes for high MBH (e.g. Netzer et

al. 2003), black hole masses could be larger for our galaxies than what is predicted

here. Alternatively, MBH may not correlate well with any galaxy properties at

high MBH. Given the scatter in the black hole - galaxy relationships, and lacking

direct measurement of black hole masses > 109.5 M⊙, the nature of the MBH − σ∗

relationship remains uncertain for large MBH.
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Figure 3.4 Measured σ∗ versus V -band absolute magnitude. Circles show data for
our galaxies. Open circles are power-law galaxies; closed circles indicate core galax-
ies. Error bars show the 1σ errors in σ∗ and MV , however error bars for MV are
smaller than the data points. The remaining data are from Figure 3 of Lauer et
al. (2007a): squares show data for power-law galaxies; pentagons show data for
intermediate type galaxies; triangles show data for core galaxies. The dashed line
corresponds to L ∝ σ7 and the solid line to L ∝ σ2.
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3.5 Discussion

The largest σ∗ we measure is ∼ 444 km s−1 in a volume of space corresponding to

0.5 Gpc3. We find no observational support for galaxies with σ∗ ≥ 500 km s−1,

contrary to the quasar-based prediction of 100 such galaxies (see §3.1). Evidently,

either (1) black hole masses derived from quasars are overestimated or (2) the linear

relationship between log MBH and log σ∗ breaks down for high MBH (Netzer 2003).

Regarding the first possibility, quasar black hole masses are typically estimated

using the “photoionization method” (see Shields et al. 2003 and references therein),

in which the virial mass is given by MBH = v2R/G. The velocity is given by

the width of broad line region (BLR) emission lines such as Hβ, and the quasar

luminosity provides an estimate of the radius of the BLR. Assuming the BLR gas is

indeed virialized, the main uncertainties are the BLR radius-luminosity relationship

and the geometry of the BLR (flattened or spherical). The RBLR − L relationship

was calibrated using the reverberation mapping technique on a sample of lower-

luminosity AGN (see review by Kaspi 2007) and scales as RBLR ∼ Lγ with γ =

0.5 − 0.7. Bentz et al. (2006) find γ = 0.52 after correcting L for host galaxy star

light, consistent with photoionization physics (Shields et al. 2003). This relationship

holds for a relatively wide range of luminosities up to Lbol = 1046 erg s−1, and is

extrapolated to higher luminosities to estimate black hole masses for bright quasars.

As discussed by Salviander et al. (2007), the calibration used by Shields et al.

(2006b) is consistent with observed MBH and σ∗ in Seyfert galaxies (Onken et al.

2004). The calibration recommended by Bentz et al. (2006) gives MBH 0.1 dex

larger than that of Shields et al. (2006b). Shields et al. (2006b) point out that a

majority of the highest luminosity quasars in the sample of Shields et al. (2003)

have MBH > 109.7M⊙, which argues against scatter in the derivation of MBH from

AGN luminosity and broad line width as a major source of the large MBH for this

sample. Thus, an overestimation of MBH in quasars appears unlikely as a cause of
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the conflict between the abundance of large black holes in quasars and the number

of galaxies with sufficiently high σ∗.

We must therefore consider the possibility of a breakdown in the linear re-

lationship between log MBH and log σ∗ at high MBH. This is consistent with the

properties of the brightest cluster galaxies (BCGs). As shown in Figure 3.4 and

discussed by Lauer et al. (2007a), the σ∗ − L relationship levels off for the most

luminous galaxies (also see Oegerle & Hoessel 1991; Bernardi et al. 2007a). This is

consistent with Lauer et al. (2007a) who conclude that MBH may track galaxy lumi-

nosity rather than σ∗ for the largest galaxies. Lauer et al. (2007b) have augmented

the galaxy luminosity function of Blanton et al. (2003) to include brightest cluster

galaxies (BCGs) from the Postman & Lauer (1995) sample. This luminosity func-

tion (Lauer et al. 2007b, Figure 1) gives 102.1 galaxies per Gpc3 with MV < −23.9.

If current black hole samples are unbiased (see discussion in Bernardi et al. 2007b),

then this luminosity corresponds to MBH = 109.7 M⊙ (see Equation 6 of Lauer et

al. 2007a). Within the uncertainties, this is an adequate number of BCGs to host

the largest black holes observed in quasars. Note that Tundo et al. (2007) show

that scatter in the MBH−Lbulge relationship can bias estimates like this upwards by

factors of several. A consequence is that the largest black holes will typically reside

in proportionally modest-sized galaxies (see discussion in §3.6).

Does our highest velocity dispersion represent a physical limit for σ∗? The

σ∗−L relationship flattens out for σ∗ at high L, which may be explained by influences

on σ∗ in galaxy merger models; the largest galaxies are believed to have formed

through a succession of dissipationless, or “dry,” mergers. Loeb & Peebles (2003)

discuss possible causes of a limiting value of σ∗. Major merger simulations by

Boylan-Kolchin et al. (2006) show that the type of trajectory during galaxy mergers

determines the concentration, and therefore σ∗, of the remnant spheroid. For orbits

with high angular momentum, more energy is transferred from the stellar component

67



to the dark matter halo, resulting in a more concentrated remnant and a larger σ∗.

Figure 3.5 is consistent with this picture, showing more concentrated bulges (in the

sense that the measured effective radius, Re, is smaller than that predicted from the

Re − L relationship) corresponding to over-large σ∗ (for a given bulge luminosity

and the L ∼ σ4
∗ relationship). Since we use luminosity to predict both σ∗ and Re,

the axes in Figure 3.5 are not independent. However, these correlated errors cannot

explain the trend in the figure. Given the definition of the residuals, ∆ log σ∗ =

log σ∗(L) − log σ∗ and ∆ log Re = log Re(L) − log Re, and that Re ∝ L0.5 and

σ∗ ∝ L0.25, errors in luminosity will affect ∆ log Re and ∆ log σ∗ in the sense of

creating a positive slope in the figure rather than the negative slope that is actually

seen. The magnitude and sense of the change in the relationship due to correlated

errors is indicated in the figure. The negative slope in Figure 3.5 is qualitatively

consistent with expectations from the virial theorem—for a given spheroid mass (and

therefore luminosity) a decrease in radius corresponds to an increase in measured

σ∗.

3.6 Comment on Evolution of the MBH−σ∗ Relationship

Recent studies by Shields et al. (2006a), Peng et al. (2006), Salviander et al. (2007),

and others suggest that the MBH − σ∗ relationship evolves with redshift in the

sense that, for a given MBH, the velocity dispersion is too small at higher redshifts.

Whether this apparent evolution is real is controversial. For example, Salviander

et al. (2007) studied MBH and σ∗ in SDSS quasars at redshifts up to z = 1.2,

estimating σ∗ from the width of [O iii] λ5007 and [O ii] λ3727. They found that

higher redshift quasars had MBH too large for σ∗ by ∼ 0.5 dex. The interpretation

of this trend requires caution. Brighter quasars generally have larger black holes, so

that larger MBH corresponds in practice to higher redshift and larger look-back time.

(1) Salviander et al. (2007) and Lauer et al. (2007b) describe how a Malmquist-like
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Figure 3.5 Residuals from the bulge velocity dispersion - luminosity relationship
versus residuals from the effective radius - luminosity relationship. Residual σ∗ =
log σ∗(L) − log σ∗(HET) and residual Re = log Re(L) − log Re. Log σ∗(L) was
calculated using the σ∗−L relationship (Equation 2 of Bernardi 2007) and log Re(L)
was calculated using the Re −L relationship (Equation 2 of Bernardi et al. 2007a).
The arrows in the upper right of the figure indicate the magnitude and sense of the
change in the relationship that would be due to changes in the predicted Re and σ∗

should MV change by a factor equal to the average error in MV , δMV
= 0.018.
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bias leads to over-representation of large black holes in modest galaxies. This bias

is greater at the steep, high luminosity end of the quasar luminosity function; and it

may give rise to the appearance of evolution in the MBH − σ∗ relationship. (2) An

observational bias favoring the detection of narrow lines affects the statistics of the

[O iii] and [O ii] line widths. Salviander et al. find that these two biases account for

about 0.3 dex of their apparent evolution, leaving ∼ 0.15 dex of residual evolution.

However, as discussed above, σ∗ levels off in the σ∗ − L plot (Figure 3.4) at high

luminosity, where brightest cluster galaxies (BCGs) do not follow the relationship

(Oegerle & Hoessel 1991; Lauer et al. 2007a; Bernardi et al. 2007a). Use of the local

MBH − σ∗ relationship (Tremaine et al. 2002) with MBH ∝ σ4
∗ at high MBH could

overestimate the expected σ∗ and give the appearance of evolution. A correction

of only 0.1 dex on this basis applied to the residual evolution of Salviander et al.

(2007) would leave no significant remaining evolution. Alternatively, Bernardi et al.

(2007b) suggest that there is little bias in the MBH −σ∗ relationship. Instead, they

suggest that bias occurs in the MBH − Lbulge relationship, as a result of a steeper

slope in the σ∗ −L relationship for galaxies selected for the presence of a black hole

compared to the SDSS early-type galaxy sample.

3.7 Conclusion

We have used the HET LRS to obtain high signal-to-noise spectra for eight galaxies

selected from the sample of B06–B08 representing galaxies with the highest measured

values for σ∗ that appear to be single galaxies in HST images and SDSS spectra. The

maximum σ∗ we find is 444 km/s, similar to B06. We find no support for σ∗ ≥ 500

km s−1. If black hole masses are reliable, this is indicative of a MBH−σ∗ relationship

that deviates at high MBH from the locally-observed relationship. Though our data

do not address this issue directly, it is consistent with the change in the relationship

between σ∗ and luminosity for the brightest elliptical galaxies.
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Chapter 4

Odds & Ends

This chapter summarizes contributions to co-authored papers and projects in progress.

Sections 4.1, 4.2, and 4.3 describe work contributed to co-authored papers. Sections

4.5 and 4.4 describe work in progress.

4.1 Recoiling Black Holes in Quasars

Supermassive black holes grow during quasar phases, which are likely induced by

galaxy mergers1. During the galaxy merger the central SMBH in each of the pro-

genitor galaxies is compelled by dynamical friction from stars and other material

to merge and coalesce into a single, larger black hole in the nucleus of the remnant

galaxy. Until recently, little was understood about the details of the final stages of

black hole mergers. Analytical results implied that merging black holes of unequal

mass should emit gravitational radiation asymmetrically and cause the binary to

recoil. Advances in general relativity have allowed detailed numerical simulations of

the moments just prior to and following the black hole merger, and indicate that for

certain configurations this “kick” to the final black hole can be substantial. Kicks of

1This work is a summary of Bonning, Shields, & Salviander (2007), ApJ, 666L, 13.
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up to 2500 km s−1 have been measured in numerical simulations for rapidly rotating

black holes with anti-aligned spins oriented perpendicular to the orbital plane, and

are predicted to be as high as 4000 km s−1 for black holes rotating with maximum

spin. This exceeds the escape velocity for galactic bulges and elliptical galaxies—

even modest kicks of a few hundred km s−1 exceed the escape velocity for dwarf

spheroidals. Kicks are potentially a common occurrence: unless black hole bina-

ries are symmetrical in terms of progenitor mass, spin, and alignment, gravitational

radiation will be emitted asymmetrically. This suggests a significant population of

displaced or even ejected black holes.

When a merger occurs in an AGN (or triggers an AGN phase), an ac-

cretion disk will remain bound to the coalescing black holes. The outer radius

of the captive disk depends on the mass of the binary and the recoil velocity:

R = 1.33 × 1018M8/v2
1000 cm, where M8 is the binary mass in units of 108 M⊙

and v1000 is the recoil velocity in units of 1000 km s−1. For an α disk (Shakura &

Syunyaev 1973; Frank et al. 2002) the mass of the disk is given by

M(v) = 108.02α
−4/5
−1 M

3/2
8 Ṁ

7/10
0 v

−5/2
1000 (4.1)

This mass can fuel AGN activity for

td ≈ M(v)/Ṁ0 ≈ (108 yr)α
−4/5
−1 M

3/2
8 Ṁ

−3/10
0 v

−5/2
1000 , (4.2)

sufficient time to allow the quasar to wander several kiloparsecs from the center of

the remnant galaxy and produce either an offset nucleus in a galaxy or a “homeless”

quasar if the binary is ejected from the galaxy. Offset nuclei have not been observed

in nearby AGN, and to date the only homeless quasar candidate is HE 0450+2958

(Magain et al. 2005). Signatures of recoiling quasars may be observed in spectra

of AGN, in which broad-line emission emanating from gas bound to the recoiling
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Table 4.1 Distribution of velocity shifts for Hβ

vHβ fv

(km s−1)

500 0.04
800 0.007
1000 0.0035
1500 0.0012
2000 0.0008
2500 0.0004

binary is velocity-shifted with respect to the host galaxy absorption lines. The broad

lines will also be shifted with respect to the narrow emission lines, which emanate

from gas that is gravitationally bound to the host bulge.

We conducted a search for recoil candidates in quasar spectra from the SDSS

DR5, choosing objects with measurable Hβ (and where available, Mg ii) broad

emission lines and narrow [O iii] emission lines. Object selection was carried out

in accordance with the method described in §2.3 of this dissertation, except that

we relaxed the broad-line requirement to FWHM > 1000 km s−1 and included only

quasars in the redshift range 0.10 < z < 0.81. The final sample consisted of 2598

objects, corresponding to 20% of the original sample size.

Velocity shifts are measured from the redshifts of line peaks according to

∆vHβ = c(zHβ − z[O III])/(1 + z[O III]) and ∆vMg = c(zMg II − z[O III])/(1 + z[O III]).

The distributions of velocity shifts for Hβ and Mg ii are approximately Gaussian

with < ∆vHβ >= +100 km s−1, FWHM(∆vHβ) = 500 km s−1. The fraction of

shifts for each velocity is listed in Table 4.1.

We regard the numbers in Table 4.1 as upper limits for the following reasons.

1) The objects with the largest velocity shifts have large Hβ FWHMs. We know

of no reason why objects with recoiling black holes would favor large broad line

widths. 2) The velocity shifts for Hβ and Mg ii do not agree. Figure 4.1 shows the
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relationship between Hβ and Mg ii velocity shifts, vMg = 0.6vHβ; for recoiling black

holes carrying a BLR with them, this relationship is expected to be 1:1. Shown in

Figure 4.2 is SDSS J091833.82+315621.1, the object in our sample with the largest

velocity shift with ∆vHβ = 2667 km s−1 and broad lines that appear symmetrical.

The Mg ii shift, ∆vMg = 1231 km s−1, does not agree with the shift measured from

Hβ. 3) Composite spectra binned according to small, moderate, and large velocity

shifts show no change in the comparative width of the high ionization emission line

[Ne v] (see Figure 4.3). In non-recoiling AGN the width of [Ne v] is typically larger

than that of other NLR lines, presumably because the emitting gas originates closer

to the black hole. For large recoil velocities in which the black hole has left behind the

NLR, the width of [Ne v] should be similar to the width of the other narrow lines. We

identify two objects in our sample as possible recoiling quasars on the basis that their

broad line velocity shifts agree and the [Ne v] width is comparable to that of [O iii]

and [O ii]. These objects are SDSS J134812.36+052402.6, with (∆vHβ , ∆vMg) =

(−706,−769) km s−1 and FWHM ([Ne v], [O iii], [O ii]) = (380, 308, 304) km s−1,

and SDSS J103144.53+415420.8, with (∆vHβ , ∆vMg) = (−518,−462) km s−1 and

FWHM ([Ne v], [O iii], [O ii]) = (561, 572, 582) km s−1.

These fractions are significantly less than the expected fractions from nu-

merical simulations. When we convolve the results of Schnittman & Buonanno

(2007) with random inclinations to the line of sight we find f500 = 0.18 and f1000 =

0.054 for black holes with equal spin parameter a∗ = 0.9 and masses such that

(m1m2)/(m1 + m2)
2 ≥ 0.16. Baker et al. (2008) predict an even larger fraction of

recoils above 1000 km s−1 than Schnittman & Buonanno. Our upper limits take

on even more significance in this context. Our estimated fractions do not take into

account uncertainties such as the distribution of black hole spins or the probability

of a recoil occurring during the luminous phase of an AGN. Recoil velocity may

be slowed by interactions with stars and gas or the gravitational potential of the
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Figure 4.1 Relative velocity shifts for objects with Hβ, Mg ii, and [O iii]. The
abscissa and ordinate are c(z(Hβ) −z([O iii])) and c(z(Mg ii) −z([O iii])), respec-
tively. The solid line shows the 1:1 relationship; the dashed line shows the fit to the
data.
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Figure 4.2 Spectrum for SDSS J091833.82+315621.1, the object in our sample with
the largest velocity shift, c(z(Hβ) −z([O iii])) = 2667 km s−1. The bottom panel
shows the full spectrum; the top panels show details of the line profiles for Mg ii,
Hβ, and [O iii].

host galaxy. The largest elliptical galaxies have escape velocities of 1000 km s−1

(Merritt et al. 2004) which may cause recoiling black holes to be slowed or turn

around within the luminous lifetime of the AGN. For the largest recoil velocities,

these gravitational effects are not as important. If these large recoils exist they

should be observed, and yet our upper limits are far below what is predicted. One

possible explanation is suggested by Bogdanović et al. (2007) who claim that in

gas-rich mergers, the spins and orbits of the black holes become aligned in a way

that favors small (< 200 km s−1) recoil velocities.
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erate, and large c(z(Hβ) −z([O iii])).
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4.2 Accretion Disk Temperatures and Continuum Col-

ors in Quasars

The simple disk model of accretion onto black holes is the prevailing explanation for

the energy source of AGN2. In this model radiation is produced at each radius of

the disk through viscous dissipation, and emitted in the optical, UV, and IR. The

simple disk model accounts for some observed spectral properties of quasars, but

not all. The peak in UV emission, referred to as the “Big Blue Bump,” is likely

thermal emission from an accretion disk, and spectropolarimetric observations of

the IR continuum are consistent with the continuum slope predicted by simple disk

models (Kishimoto et al. 2005). However, X-ray emission from quasars suggests that

at least one additional component is required, in the form of a Compton-scattering

disk corona. It is therefore important to test the simple disk model. One way to do

this is to compare the effective temperature of the disk with quasar continuum color.

The effective temperature is characterized as the maximum temperature, Tmax, just

inside the inner radius of the disk. According to Wien’s law, hotter disks should

be associated with bluer continua, however emission from accretion disks is not

strictly black body. Relativistic effects must also be taken into account, especially

inclination with respect to the observer, since emission from the innermost part of

the disk will be relativistically beamed along the equatorial plane. Modeling these

effects allows a statistical assessment of the disk temperature - continuum color

relationship.

The maximum temperature is expressed as

Tmax = (105.56 K)M
−1/4
8 (Lbol/LEd)

1/4 (4.3)

2This section is a summary of Bonning, Cheng, Shields, Salviander, & Gebhardt (2007), ApJ,
659, 211.
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where M8 = MBH/(108M⊙). Given the Eddington limit for a black hole

LEd =
4πcGMBH

κe
= (1046.1 erg s−1)M8 (4.4)

and substituting Equation 2.2 for M8, we obtain

Tmax = (105.43 K)v−1
1000L

−(Γ−0.5)/2
44 (fL/9)−1/4 (4.5)

where v3000 = v/3000 = FWHM(Hβ)/3000 in km s−1, L44 = νLν(5100) in erg s−1,

and the bolometric correction fL = 9. Tmax is sensitive to fL only for high inclina-

tions and at low temperature. For Γ = 0.5, the dependence of Tmax on luminosity is

removed, and Tmax is dependent only on the inverse of the FWHM. Using AGNSPEC

(Hubeny et al. 2000), we computed NLTE accretion disk models, which depend on

a number of input parameters to determine the observed energy distribution. We

chose a distribution of MBH and Ṁ consistent with our SDSS quasar sample, and

fixed the viscosity parameter α = 0.10, the black hole spin parameter a∗ = 0.998 for

maximally-rotating Kerr black holes, and chose random disk inclinations with cos

i > 0.5 in order to assess the affects of disk inclination on the observed colors. Fig-

ure 4.4 shows the model results, which indicate increasingly blue continuum colors

corresponding to higher Tmax.

We compared the model results with data from our sample of SDSS quasars

in which Tmax is derived from the FWHM of Mg ii and the continuum luminosity

colors are defined by r54 = Fλ(5100)/Fλ(4000), r42 = Fλ(4000)/Fλ(2200), and r21 =

Fλ(2200)/Fλ(1350). We selected quasars with redshift 0.38 < z < 2.0 to include

Mg ii. Figure 4.4 shows the relationship between continuum luminosity colors and

Tmax for our data compared to the model results. In order to reduce the appearance

of scatter and clarify any trend in the relationship we binned the data according to

Tmax and averaged the luminosities within each Tmax bin. The model results agree
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Figure 4.4 Continuum flux ratios Fλ(5100)/Fλ(4000), Fλ(4000)/Fλ(2200), and
Fλ(2200)/Fλ(1350), with data binned according to Tmax, compared to results of
the disk models.

with the data for r54, and with r42 for lower temperatures (< 105.4 K), but the data

indicate redder colors associated with higher temperatures beyond this. The model

results do not agree with the data for r21 at any temperature.

Our derivation of Tmax depends on MBH, but uncertainties in the estimation

of MBH are not significant enough to affect our results. Less certain is our estimation

of Ṁ , which depends on Lbol and therefore fL. The effect of assuming a constant

value for fL can cause our estimated Lbol to deviate from the true Lbol significantly

only for high inclinations, and is further mitigated by the dependence on Tmax of

fL to the one-fourth power. Our assumption of a constant black hole spin also

introduces uncertainty, since the black hole spin parameter for AGN may range
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from 0.6 < a∗ < 0.9. Assuming a lower spin parameter does reduce Tmax, but

does not resolve the discrepancy between the data and models. Contamination by

starlight from the host galaxy also cannot account for the discrepancy. The galaxy

contribution to Lbol increases with decreasing L/LEd, which in turn correlates with

decreasing Tmax. This is contrary to the trend in Figure 4.4. Furthermore, quasar

composite spectra created from our sample and binned according to Tmax show

minimal contamination by host starlight.

Though reddening certainly affects the observed colors in our quasar sample,

the effects of reddening cannot explain the trends in the data. Reddening would

have to correlate with Tmax, and therefore FWHM, in order to reproduce the trend

in Figure 4.4. The most likely explanation for the discrepancy between the data and

the models is a departure from the thin-disk scenario for higher Tmax. Higher L/LEd

corresponds to narrower emission lines and therefore higher Tmax. The discrepancy

in r42 occurs for L/LEd > 0.3, which corresponds to the range in which the inner disk

swells in size due to radiation pressure. Thus accretion disks may be more accurately

represented by so-called slim-disk models (Abramowicz et al. 1988) which account

for the effects of radial pressure gradients and heat advection near the inner radius

of the disk. Properly applied, the physics of slim-disk models may account for the

trend in Figure 4.4.

4.3 Quasar Narrow [O iii] Line Width and Host Galaxy

Luminosity

Study of the MBH−σ∗ relationship in quasars has become something of an enterprise

in extragalactic astrophysics, because of its usefulness for study of the coevolution-

ary relationship between black holes and host galaxies3. The use of photoionization

black hole masses in quasars is well established, but the validity of the σ∗ - σ[O III]

3This section is a summary of Bonning, Shields, Salviander, & McLure (2005), ApJ, 626, 89.
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surrogacy for the stellar velocity dispersion is less certain. Several studies have ex-

trapolated the σ∗ - σ[O III] surrogacy to quasars (Shields et al. 2003; Boroson 2003;

Salviander et al. 2007), but its validity at higher luminosities has not been con-

firmed. Because of the difficulty in measuring σ∗ of quasar hosts, direct comparison

of σ∗ and σ[O III] is not possible in most cases. We rely instead on an observed

correlation between velocity dispersion and host bulge luminosity, the σ∗ − L rela-

tionship, to indirectly assess the σ∗ - σ[O III] surrogacy for a range of σ∗ and host

bulge luminosities.

We obtained host magnitudes for bulges and elliptical galaxies from litera-

ture, including McLure & Dunlop (2002), Percival et al. (2001), Floyd et al. (2004),

McLure et al. (in prep.), Hamilton et al. (2002). Excepting Hamilton et al., all of

these sources derive their host magnitudes using the same methodology for mod-

eling and subtracting quasar light, integrating the host galaxy light, and applying

extinction and evolution corrections. The difference in methodology for Hamilton,

described by Bonning et al. (2005), resulted in an average offset of 0.25 dex from

McLure, so we applied a correction by this amount to the derived Hamilton mag-

nitudes. The [O iii] emission line widths were measured from publicly available

spectra from Marziani et al. (2003) and McLure & Dunlop (2001) using the IRAF

routine ‘splot.’ We measured the width of the line at the half-maximum point di-

rectly rather than fitting a profile to the line, and converted to a velocity dispersion

for [O iii] by σ[O III]= FWHM/2.35. We subtracted optical Fe ii emission from

the spectrum using the Boroson & Green (1992) Fe ii template. About 10% of our

objects were rejected due to Fe ii obscuring the [O iii] line, which, because of the

correlation between strong Fe ii and wider [O iii], biases our sample toward smaller

[O iii] widths by 0.01 dex. Typical errors for our measured σ[O III] are 10%, which

is mostly due to uncertainty in continuum placement. Black hole masses were de-

rived from the width of the broad Hβ emission line and the continuum luminosity
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at 5100 Å using Equation A7 from McLure & Dunlop (2004). The Hβ widths and

continuum luminosities were taken from McLure & Dunlop (2001) and Marziani et

al. (2003), and continuum luminosities were scaled where necessary to 5100 Å by

Fλ ∝ λ−1.5.

In Figure 4.5 we plot host galaxy absolute magnitude versus σ[O III] for RLQs

and RQQs. While there is considerable scatter, the results are consistent overall with

the σ∗ − L relationship from Bernardi et al. (2003a; 2003b), which is also shown in

the figure. We estimate the intrinsic scatter in log σ[O III] to be 0.13 dex, accounting

for scatter intrinsic in the σ∗−L relationship for normal galaxies, uncertainties in the

FWHM of [O iii] and host galaxy magnitudes, and the standard deviation in σ[O III].

Processes in the NLR contribute to the intrinsic scatter in σ[O III], including inflow,

outflow, and dust obscuration, as well as variations in the geometry and orientation

of the NLR along the line of sight. This scatter coupled with the limited range

in host galaxy magnitude obscures any tendency for σ[O III] to increase with host

galaxy magnitude. Boroson (2003) found that a limited range in luminosity likewise

obscured any trend in the MBH − σ∗ relationship for quasars.

In order to determine how well σ[O III] and σ∗ track each other, we began

with measurements of σ∗ and σ[O III] for Seyfert and broad-line radio galaxies from

Nelson & Whittle (1995; 1996) and extended the luminosity range by inferring σ∗

from other quantities. For luminous quasars, we infer σ∗ from MBH using Equation

2.1 for objects from Shields et al. (2003), Shemmer et al. (2004) and Netzer et

al. (2004). For objects in Figure 4.5 we infer σ∗ from the host galaxy magnitude

using the σ∗ − L relationship of Bernardi et al. (2003a; 2003b). We also include σ∗

measurements from Nelson et al. (2004), Onken et al. (2004), Treu et al. (2004),

and Bettoni et al. (2001) with σ[O III] taken from Nelson (2000) and Heckman et al.

(1981) or measured directly from SDSS spectra. (See Bonning et al. 2005 for details

on the sample selection.) In Figure 4.6 we plot σ[O III] versus σ∗ (or surrogate) for
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Figure 4.5 Host galaxy magnitude versus σ[O III] for RLQs and RQQs. The solid
line shows the σ∗ − L relationship measured by Bernardi et al. (2003a, 2003b); the
dashed line is the same relationship offset by 0.05 in log σ[O III] to account for the
average difference between the measured log σ∗ of Bernardi et al. compared to other
authors.
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Figure 4.6 σ[O III] versus σ∗ (or surrogate) for broad-line objects only. The broad-
line radio galaxies (BLRGs) and Seyferts show measurements of σ∗; quasars from
Shields et al. and Shemmer et al. show σ∗ inferred from MBH; quasars from Bonning
et al. (2005) show σ∗ inferred from host galaxy luminosity.
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Figure 4.7 Means of each data set with error bars (standard deviation of the mean),
including both broad-line and narrow-line objects, for RLQs and RQQs. Narrow-line
radio galaxies (NLRGs) and Seyfert 2 objects are from Nelson & Whittle (1995).
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broad-line objects only. Figure 4.7 shows sample averages, including both broad-line

and narrow-line objects, for RLQs and RQQs.

An offset in σ∗ between RLQs and RQQs is apparent in Figure 4.5. In the

mean, the RLQs have σ[O III] 0.12 dex smaller than for RQQs. Shields et al. (2003)

and Bian & Zhao (2004) find a similar offset of 0.16 dex for quasars of moderate

luminosity. Figures 4.6 and 4.7 show no RL - RQ offset for the high-luminosity

quasars in the Shields et al. sample or for the low-luminosity Seyfert and radio

galaxies, and Nelson & Whittle (1996) find an RL - RQ offset in the opposite sense

for a sample of radio-loud AGN. Is this offset due to differences in MBH or σ[O III]?

Figure 4 of Bonning et al. (2005) shows that the MBH-σ[O III] relationship has the

same RL - RQ offset apparent in Figure 4.5 while the MBH versus Mhost relationship

in Figure 5 of Bonning et al. shows no offset between the RLQs and RQQs. This

suggests that, for reasons undetermined, σ[O III] is smaller for RLQ of moderate

luminosity.

4.4 Influences on Narrow Emission Lines in AGN

Study of low-ionization emission line regions (LINERs) has shown that the widths of

narrow emission lines correlate with critical density (Filippenko & Halpern 1984; De

Robertis & Osterbrock 1986; Filippenko & Sargent 1988). This is consistent with

the locally optimally emitting cloud (LOC) model (Baldwin et al. 1995) for AGN

in which line emission originates from clouds residing at a distance from the central

ionizing source where conditions are favorable for emission. The excess width of

emission lines with higher critical density suggests that these lines originate closer

to the central supermassive black hole. The relationship between narrow line width

and critical density has not been observed in higher luminosity AGN, presumably

because the NLR of these objects are less compact than for lower luminosity AGN

and thus lie beyond the potential of the black hole. Laor (2007) predicts that for
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extremely low L/LEd(< 10−4) objects, the NLR is sufficiently compact such that

[O iii] emission originates close enough to the black hole to be influenced by its

gravity.

We have adapted Laor’s calculation to the higher-ionization [Ne v] emission

line, which has a higher critical density than [O iii]. We find that for L/LEd < 10−2,

[Ne v] could be measurably influenced by the black hole’s gravity. This Eddington

ratio is much closer to values observed in quasars in the SDSS. We used composite

spectra created from quasar spectra obtained from the SDSS Data Release 5 to study

the systematics of the [Ne v] emission line compared to lower-ionization lines. We

predict the excess velocity due to the gravity of the black hole using the formulation

from Laor (2007) adapted for [Ne v]. From Figure 2 of Ferguson et al. (1997)

we derived the ionization parameter U = 10−1.6 and density n = 105.7 cm−3 as

characteristic of the [Ne v] emitting region. We combined this with the MBH − σ∗

relationship in Equation 2.1 to obtain

v/σ∗ = 10−0.7L/L
−1/4
Ed (4.6)

(For L/LEd = 10−2, v/σ∗ = 0.63. For a typical quasar black hole mass of 108 M⊙,

the corresponding bulge velocity dispersion is σ∗ = 185 km s−1, and the predicted

excess velocity due to the gravity of the black hole is v = 117 km s−1.)

[Ne v] is often weak and therefore difficult to measure in individual quasar

spectra, so we created composite spectra from a sample of ∼ 14, 000 quasar spectra

in the redshift range 0.10 < z < 1.4 taken from the SDSS DR5, and used these to

study the systematics of λ3426 [Ne v], λ5006 [O iii], and λ3727 [O ii]. We created

composite spectra by binning our sample spectra according to optical continuum

luminosity (νLν(5100)), black hole mass (MBH), and Eddington ratio (L/LEd), into

low, medium, and high sub-samples. We compared ratios of the narrow line widths

to luminosity, black hole mass, and Eddington ratio. Figures 4.8, 4.9, 4.10, and
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Table 4.2. Physical parameters for composite spectra

Composite [Ne v] [O iii] [O ii] [Ne v]/[O iii] [Ne v]/[O ii] [O iii]/[O ii]
(# of objects) (km s−1) (km s−1) (km s−1)

νLν(5100) bins

Low (2586) 574 375 378 1.53 1.52 0.99
Med (9325) 861 462 403 1.86 2.14 1.15
High (2254) 1151 593 475 1.94 2.42 1.25

MBH bins

Low (2405) 722 391 362 1.85 1.99 1.08
Med (9472) 821 455 400 1.80 2.05 1.14
High (2288) 861 495 439 1.74 1.96 1.13

L/LEd bins

Low (2325) 681 461 403 1.48 1.69 1.14
Med (9528) 804 439 390 1.83 2.06 1.13
High (2312) 1105 560 415 1.97 2.66 1.35

Note. — Columns 2-4: FWHM of the line. Columns 5-7: ratios of FWHMs from columns 2-4.

4.11 show the composite spectra for low, medium, and high bins for black hole

mass, luminosity, and Eddington ratio, respectively. Tables 4.2 and 4.3 list physical

parameters for these composite spectra. We find relatively little influence on the

width of [Ne v] by the gravity of the central black hole, but rather a reverse trend of

increasing v/σ∗ with L/LEd. Contrary to expectation for higher-luminosity AGN, we

find a dependence of narrow line width on critical density. This raises the question

of what causes the width of [Ne v] to increase faster than the lower ionization narrow

lines. There is already evidence that the widths of the narrow lines are a function

of orientation and L/LEd—in the sense that lines are broader in Type 2 AGN—and

strong blue wings are associated with higher L/LEd and blueshifting of the lines

(Komossa et al. 2008; Xu et al. 2007). This project is in its initial stage. Further

work will include examination of the connection between orientation, opening angle

of the AGN, and physical differences in narrow line Seyfert 1 galaxies.
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Figure 4.8 Composite spectra for the black hole mass bins. From bottom to top:
low, medium, and high log MBH. See Tables 4.2 and 4.3 for bin averages.
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Figure 4.9 Composite spectra for the luminosity bins. From bottom to top: low,
medium, and high log νLν(5100). See Tables 4.2 and 4.3 for bin averages.
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Figure 4.10 Composite spectra for the Eddington ratio bins. From bottom to top:
low, medium, and high log L/LEd. See Tables 4.2 and 4.3 for bin averages.
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Figure 4.11 [Ne v] emission line profiles for the composite spectra in Figures 4.8,
4.9, 4.10.
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Table 4.3. Physical parameters for composite spectra

Composite < νLν(5100) > < MBH > < Lbol/LEd >
(# of objects) (erg s−1) (M⊙)

νLν(5100) bins

Low (2586) 43.59 7.66 -1.21
Med (9325) 44.31 8.05 -0.88
High (2254) 44.97 8.42 -0.60

MBH bins

Low (2405) 43.88 7.28 -0.55
Med (9472) 44.32 8.04 -0.86
High (2288) 44.57 8.84 -1.41

νLν(5100) bins

Low (2325) 43.98 8.54 -1.70
Med (9528) 44.28 8.00 -0.87
High (2312) 44.62 7.69 -0.21

Note. — Parameters corresponding to Table 4.2, showing averages
of log quantities derived from individual measurements of quasars used
for the composites.

4.5 Binary AGN in the SDSS

Binary AGN are a rare but important aspect of galactic evolution and its connec-

tion with the AGN phenomenon. Binary AGN can be true binaries, gravitational

lenses, or chance superpositions. True binaries represent galaxy mergers in progress.

When the nuclear supermassive black holes are both fueled at a sufficient rate, they

are observed as AGN. The statistical incidence of these objects at various nuclear

separations reflects the merger history of galaxies together with the probability of

fueling the black holes at various stages of the merger. Thus studies of the nature

and incidence of binary AGN promise insights into galaxy mergers at substantial

lookback times and into the fueling of AGN.

Binaries are distinguished from lenses by differences in the optical-ultraviolet

spectra or radio properties and by the absence of a lensing galaxy. The binary nature

of quasar LBQS 0103-2753 was confirmed by broad-absorption lines that appear
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only in the spectrum of the brighter nucleus (Junkkarinen et al. 2001). Currently

there are approximately 100 known binaries, with typical angular separations of 3-10

arcseconds, or 20-60 kpc. Some dramatically closer examples include LBQS 0103-

2753 with a separation of 2 kpc, NGC 6420 with a separation of 1.4 kpc (Komossa

et al. 2003), and EGSD2 J142033.66+525917.5 with a 1.2 kpc separation (Gerke et

al. 2007). Such close separations likely represent the late stages of galaxy mergers,

while wider binaries are likely representative of an early state.

Simulations of galaxy mergers show gas accumulating in the nuclei of each

galaxy after the first encounter (Barnes & Hernquist 1996). The duration of this

first large orbital loop is ∼ 108.5 yr. Dynamical friction causes the merger to proceed

quickly, and the black holes coalesce in the center of the merger remnant. The final

merger involves a massive concentration of gas in the nucleus, which manifests as

an obscured AGN, followed by an unobscured AGN phase that lasts 108 yr. ACS

images of LBQS 0103-2753 showing tidal features are consistent with this picture

(Junkkarinen et al., in prep.). Junkkarinen et al. (2001) estimate the final stage of

the merger to last 107 yr, and estimate a statistical observed incidence of roughly

one per 500 quasars for binaries with ∼ 0.3 arcsecond spacing. Junkkarinen et al.

infer that the probability of fueling both nuclei as quasars is roughly 30 times higher

during the 2 kpc stage than during the wider stage of a typical merger. However,

black hole demographics suggest that black holes acquire most of their mass during

luminous quasar phases, which last ∼ 108 yr. Only a small fraction of mergers

can have both black holes active simultaneously at a 2 kpc spacing, otherwise close

binaries would be observed at a rate of one per 10 quasars rather than one per 500.

Binary AGN carry important lessons for mergers and AGN fueling. How-

ever, to date only two examples of sub-arcsecond binaries exist: LBQS 0103-2753

and EGSD2 J142033.66+525917.5. Discovery of even a few more examples will

produce better statistics on the occurrence of binaries. With the ability to relate
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AGN spectral properties to black hole and galaxy masses, studies of binary AGN

hold great potential. The HST snapshot survey of quasars by Maoz et al. (1993)

observed 500 quasars, from which Junkkarinen et al. obtained their estimate of one

close binary per 500 quasars. Given this low incidence, searches for 0.3 arcsecond

binaries would benefit from any criterion to narrow the list of candidates. Shields

et al. (2001) suggest several search criteria, including double-peaked narrow line

profiles (e.g. [O iii] or [O ii]). Binary quasars should involve relative velocities

of several hundred km s−1, comparable to the widths of narrow emission lines. In

favorable cases, this should lead to substantial asymmetries or distinct double peaks

of the narrow lines. We have found from simulations using Gaussian and Voigt pro-

files for λ5007, and also by combining spectra of quasars with appropriate velocity

shifts, that for radial velocity differences of 400 km s−1 or more, distinct peaks are

recognizable, depending on the widths and relative flux in the two lines.

In an initial effort, we visually examined 1500 quasar spectra from the Early

Data Release of the SDSS. Objects with double-peaked [O iii] lines or distinct

shoulders were examined more closely. We attempted to avoid cases that were

merely the oft-present blue wing on the [O iii] lines. We looked for confirmation

of the feature in the λ4959 line profile, or in the [O ii] doublet or the narrow core

of the Balmer lines. This search produced several candidate quasars with typical

redshifts 0.2 < z < 0.7. At an incidence of one per 500 quasars, we expect three sub-

arcsecond binaries in the 1500 quasars in our initial sample, though not all velocities

will be along the line of sight.

Recently we serendipitously discovered two binary AGN while inspecting

AGN spectra from the SDSS DR5. Figure 4.12 shows the SDSS spectrum of SDSS

J151709.20+335324.7, a Type 2 object with distinct double-peaked [O iii] lines

with a separation of 750 km s−1 and asymmetrical narrow Hβ suggestive of a binary.

Figure 4.13 shows the SDSS image of this galaxy, which appears elongated. Analysis
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of the SDSS r-band image indicates two nuclei with a separation of 1.5 arcseconds.

At a redshift of z = 0.135 the projected physical separation is 3.6 kpc, making it one

of the closest binaries to date. We have obtained observations of this object with

HIRES on the Keck Telescope with the slit rotated to catch both nuclei in a single

spectrum. Preliminary analysis of the spectrum has confirmed that AGN activity is

coming from both nuclei. Further analysis will determine whether our binary AGN

resides in a single nucleus or in two distinct stellar nuclei. From the SDSS image,

the binary AGN appears to reside in a single galaxy, but the high signal-to-noise

Keck spectra with spatial resolution along the slit will allow us to more accurately

determine the nature of the host. The object appears to be a ROSAT X-ray source,

which would make it one of only two binaries with X-ray activity (the other is NGC

6240). A collaborator, E. Bonning, has submitted a proposal to observe the nuclei

with Chandra. Figure 4.14 shows the spectrum of SDSS J120526.04+321314.7,

another Type 2 object with strong double-peaked narrow emission lines. The [O iii]

double peaks are separated by 650 km s−1. However, at this object’s redshift of

z = 0.486 we cannot distinguish two nuclei in the SDSS image for this galaxy.

We will use the double-peaked narrow emission line criterion and images to

identify as many binary candidates as possible in the SDSS Data Release 6, and

will propose to obtain images of each object with ACS HRC or large ground-based

facilities with adaptive optics in order to detect binaries with spacings resolvable at

HST resolution (≥ 0.1 arcseconds). Should any close binaries be confirmed, we will

follow up with spectroscopy from large ground-based facilities with adaptive optics.
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Figure 4.12 Bottom panel shows the full spectrum of binary candidate SDSS
J151709.20+335324.7. Top panels show line profiles of [O iii], Hβ, [O ii], and
[Ne iii].
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Figure 4.13 SDSS image of SDSS J151709.20+335324.7. The estimated 1.5 arcsec-
ond separation of the nuclei was made from the SDSS r-band image of the object.
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Figure 4.14 Bottom panel shows the full spectrum of binary candidate SDSS
J120526.04+321314.7. Top panels show line profiles of [O iii], Hβ, [O ii], and
[Ne iii].
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Chapter 5

Conclusions

We have investigated the MBH−σ∗ relationship in SDSS DR3 quasars in the redshift

range 0.1 < z < 1.2. We used broad Hβ and continuum luminosity to derive MBH,

and the width of [O iii] as a surrogate for σ∗. We used Mg ii and [O ii] to extend

the relationship to higher redshift. We found that, in the mean, the MBH − σ∗

relationship for SDSS quasars agrees with the locally-observed relationship up to

redshift z = 0.5. For z > 0.5 the relationship appears to evolve in the sense that

black holes are too massive for a given velocity dispersion. This study benefited from

the large number of quasars in the SDSS archive, but we found that there are serious

observational biases that must be considered. One bias involves a Malmquist-like

selection effect in which quasar samples preferentially select the highest luminosity

objects at a given redshift. This bias accounts for ∼ 0.1 dex of the offset in the

MBH − σ∗ relationship. Another bias involves the tendency for emission lines

to become increasingly difficult to detect with redshift. For a given luminosity,

quasar spectra have lower signal-to-noise at higher redshift, and wider emission

lines blend with the spectrum noise and become difficult to detect and measure.

Such a bias means that quasar samples will favor objects with narrower emission

lines, and hence smaller σ∗. This bias accounts for ∼ 0.15 dex of the offset in the

101



MBH − σ∗ relationship. Correction for these two biases leaves about a factor of

two apparently real evolution of the MBH − σ∗ relationship with redshift. Such

evolution is consistent with some models for galaxy evolution. Alternatively, this

may reflect a change in the MBH − σ∗ relationship at higher black hole mass.

We have measured the velocity dispersions of eight galaxies from the SDSS

DR2 in an effort to find the biggest σ∗ galaxies. Quasar black hole demographics

coupled with the locally-observed MBH−σ∗ relationship imply a population of host

galaxies with σ∗ > 500 km s−1. Such a large σ∗ has never been directly measured in

any galaxy. Since lower signal-to-noise data can make σ∗ measurements ambiguous,

we selected the largest σ∗ galaxies from the SDSS and obtained high signal-to-noise

observations with the HET LRS in order to confirm their σ∗. We did not find

support for σ∗ ≥ 500 km s−1—the largest velocity dispersion we measured was 444

km s−1. This suggests either that the photoionization method overestimates quasar

black hole masses or that the MBH − σ∗ relationship changes for high black hole

mass. The latter could be attributable to curvature in the velocity dispersion - bulge

luminosity relationship at high luminosity.

We investigated possible influences on the narrow emission line profiles of

AGN, including the gravity of the black hole. Contrary to expectation, we found

a trend of increasing width of the [Ne v] relative to [O iii], and [O iii] relative to

[O ii], with L/LEd. This suggests that the width of narrow emission lines is not

influenced by the gravity of the black hole. Rather, there appears to be a trend of

increasing line width with critical density. Orientation effects and opening angle of

the AGN may play a role in this correlation.

We conducted a search for binary AGN in the SDSS through the use of

double-peaked [O iii] emission lines. We have identified several binary quasar can-

didates in the SDSS EDR, and two binary Type 2 AGN candidates in the SDSS

DR5. The lower redshift object SDSS J151709.20+335324.7 appears in images to
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be a single galaxy with a double nucleus—high signal-to-noise/high resolution spec-

troscopy with HIRES on the Keck Telescope confirm that activity is coming from

both nuclei. Future work on this project will include analysis of the HIRES spec-

trum to more accurately determine the nature of the host galaxy. This is statistically

important, as only one galaxy (NGC 6240) is currently confirmed to host a double

active nucleus.

Future work includes an extension of the study of the MBH − σ∗ relation-

ship of Chapter 2. Improvements will include use of DR6 to nearly double the

available spectra. This is particularly important for higher redshifts since relatively

few quasars have sufficiently strong [O ii] lines to be useful. We will perform de-

tailed modeling of the selection effects. In this dissertation we have shown that the

Malmquist bias depends on the typical luminosity of the quasars in the observed

sample, binned by redshift, compared with the luminosity at which the quasar lu-

minosity function changes slope. We also showed that the bias depends on how

the quasar luminosity depends on MBH. However, we made only a simple estimate

of the magnitude of the bias. We plan a detailed simulation, in which alternative

fueling scenarios are combined with models for galaxy and black hole growth as a

function of redshift and statistical characterizations of the emission line strengths.

This will allow a simulation of the properties of quasars that are kept by our er-

ror tolerance criteria, and the amount of Malmquist bias and its uncertainty in the

face of unknown aspects of quasar evolution. We will improve our tests of bias in

the spectrum measurements, using simulated spectra including Fe II blended with

Mg ii. The goal is a definitive test of MBH − σ∗ to redshift z = 1.2 to an accuracy

of 0.1 dex, sufficient to confirm and refine the above indications of higher black hole

masses at higher redshift.
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Appendix A

Table A.1: Physical parameters for quasars in the HO3 sample. σNL =

FWHM/2.35. Log MBH is calculated with Equation 2.2 using νLν(5100) and

the FWHM of broad Hβ. ∆ log MBH ≡ log MBH − log Mσ where Mσ is the

black hole mass calculated from Equation 2.1 and σNL.

Quasar z log νLν(5100) log σNL log MBH ∆ log MBH log L/LEd

(SDSS J) (erg s−1) (km s−1) (M⊙)

000102.18−102326.9 0.294 44.23 2.13 8.52 1.08 -1.44

000111.19−002011.5 0.518 44.51 2.22 8.07 0.28 -0.71

000131.42+144610.6 0.531 44.40 2.31 8.11 -0.05 -0.85

000132.83+145608.0 0.399 44.24 2.17 7.92 0.32 -0.83

000149.52−100251.7 0.358 44.14 2.28 7.46 -0.60 -0.47

000154.27+000732.4 0.140 43.32 1.84 6.80 0.52 -0.63

000246.18+155955.8 0.374 43.96 2.27 8.11 0.11 -1.30

000431.05−100913.8 0.453 44.36 2.30 7.72 -0.39 -0.51

000545.61+153833.8 0.441 44.77 2.65 8.14 -1.39 -0.51

000615.02+011129.6 0.114 43.44 2.19 7.27 -0.42 -0.97

000710.01+005329.1 0.317 44.60 2.42 9.07 0.47 -1.62

000859.18+011351.1 0.287 44.08 2.22 8.23 0.41 -1.29

001055.00+155511.3 0.310 44.05 2.04 8.00 0.91 -1.09

001257.25+011527.3 0.505 44.42 2.23 8.54 0.70 -1.26

001327.31+005232.0 0.362 44.63 2.25 7.74 -0.19 -0.26

001340.74−111100.6 0.254 44.22 2.48 8.38 -0.47 -1.31

001416.91+145038.4 0.206 43.89 2.43 7.09 -1.55 -0.35

001457.47−094511.0 0.178 43.23 2.14 6.75 -0.72 -0.66

001931.57−085938.4 0.504 44.58 2.34 7.50 -0.77 -0.07

002019.22−110609.2 0.492 44.86 2.40 8.14 -0.40 -0.42
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002043.58+141249.4 0.588 44.81 2.17 7.84 0.24 -0.17

002126.18−101246.7 0.316 43.98 2.00 7.95 1.04 -1.11

002149.25+144705.2 0.398 44.45 2.17 7.77 0.16 -0.46

002233.27−003448.5 0.505 44.44 2.17 7.37 -0.22 -0.07

002303.15+011533.6 0.730 45.19 2.30 8.80 0.65 -0.76

002516.46+011130.5 0.180 43.74 2.09 7.37 0.10 -0.78

002537.12+154402.4 0.411 44.19 2.45 8.02 -0.71 -0.98

002620.87+011518.0 0.273 44.04 2.09 7.82 0.52 -0.92

002752.40+002615.6 0.206 43.86 2.30 7.32 -0.82 -0.60

002830.95−002402.4 0.168 43.55 2.38 7.23 -1.22 -0.83

002916.62−104620.5 0.464 44.47 2.25 7.93 0.01 -0.61

003221.06−103238.9 0.514 44.46 1.91 8.02 1.47 -0.71

003242.74+003110.9 0.361 44.25 2.19 8.08 0.40 -0.97

003319.52−101924.1 0.260 44.08 2.26 8.33 0.38 -1.40

003417.97+143711.3 0.569 44.36 2.31 7.92 -0.23 -0.71

003605.36+140226.0 0.618 44.73 2.33 8.25 -0.01 -0.67

003657.17−100810.6 0.188 44.13 2.35 8.38 0.05 -1.40

003723.49+000812.5 0.252 44.03 2.30 7.61 -0.52 -0.72

003753.72−093331.8 0.399 44.13 2.08 7.35 0.13 -0.37

003755.92+134324.9 0.221 43.65 1.95 6.95 0.22 -0.44

003806.78−094634.8 0.646 44.69 2.26 8.23 0.27 -0.69

004030.88−095359.3 0.432 44.77 2.30 7.96 -0.16 -0.33

004213.46+005917.7 0.329 44.23 2.32 8.29 0.07 -1.21

004241.91+150926.1 0.102 43.36 2.03 6.99 -0.06 -0.77

004533.48−005808.8 0.138 43.41 1.96 6.80 0.04 -0.53

004712.57−084330.8 0.446 44.42 2.16 8.05 0.48 -0.78

004719.16+002807.6 0.515 44.54 2.45 8.24 -0.47 -0.85

004930.90+153216.3 0.240 44.34 2.20 8.42 0.69 -1.22

005328.81−085755.1 0.259 44.26 2.28 8.32 0.26 -1.20

005403.42+154448.6 0.433 44.29 2.23 8.32 0.48 -1.18

005501.03+002107.1 0.193 43.60 2.11 7.71 0.35 -1.26

005548.84+002939.4 0.449 44.52 2.31 7.81 -0.37 -0.44

005704.42+141759.3 0.300 44.23 2.25 7.59 -0.32 -0.50

005717.88+003243.0 0.492 44.60 2.07 8.48 1.28 -1.03

005812.84+160201.4 0.211 44.48 2.30 8.15 0.02 -0.82

005905.50+000651.6 0.719 45.36 2.59 8.39 -0.89 -0.18

005916.10+153816.0 0.355 44.26 2.15 7.71 0.17 -0.60

005917.47−091953.7 0.641 44.66 2.08 8.17 0.91 -0.65

010003.17+155058.2 0.109 43.75 2.02 7.71 0.73 -1.11
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010113.03−092742.1 0.357 45.06 2.33 8.25 0.02 -0.33

010546.50+000704.9 0.264 43.74 2.25 7.28 -0.66 -0.68

010559.51+154957.8 0.514 44.82 2.24 8.23 0.35 -0.55

010644.15−103410.5 0.468 44.74 2.22 8.13 0.32 -0.53

010715.34−085212.2 0.486 44.50 2.30 7.70 -0.44 -0.35

010954.87−100637.0 0.143 43.68 2.12 8.12 0.72 -1.59

010955.62+005500.6 0.501 44.63 2.33 8.26 -0.01 -0.78

011012.45−092638.9 0.391 44.29 2.26 7.99 0.03 -0.85

011033.46+000830.9 0.469 44.24 2.27 8.30 0.29 -1.21

011234.06−101221.8 0.384 44.14 2.10 8.08 0.77 -1.09

011254.91+000313.0 0.239 44.29 2.24 8.07 0.19 -0.92

011310.39−003133.1 0.413 44.34 2.32 8.15 -0.05 -0.95

011359.54−003248.7 0.181 43.67 2.26 7.46 -0.51 -0.94

011623.04+142940.5 0.395 44.77 2.48 7.66 -1.20 -0.04

011627.80−001304.2 0.469 44.38 2.08 7.87 0.64 -0.64

011741.85−104717.6 0.660 45.06 2.10 8.69 1.35 -0.77

011758.83+002021.4 0.613 44.93 2.28 8.23 0.20 -0.44

011919.27−093721.7 0.383 44.08 2.24 7.82 -0.06 -0.89

012016.72−092028.8 0.495 44.76 2.26 8.09 0.14 -0.48

012046.10+154239.5 0.243 44.32 2.46 8.18 -0.60 -1.01

012047.53−082629.4 0.229 44.08 2.51 7.88 -1.07 -0.95

012419.87+141858.3 0.339 44.60 2.33 7.87 -0.39 -0.42

012429.11+005608.0 0.381 44.18 2.37 7.62 -0.80 -0.59

012701.58+004329.9 0.451 44.23 2.25 8.02 0.12 -0.94

012717.63+131429.1 0.244 43.82 2.15 7.30 -0.23 -0.63

012803.79+135150.2 0.383 44.03 2.30 7.52 -0.59 -0.63

012824.20+001925.1 0.420 44.15 2.23 7.40 -0.46 -0.40

012959.89−093929.2 0.359 44.23 2.42 8.23 -0.39 -1.14

013023.51+000551.7 0.346 44.25 2.24 8.49 0.61 -1.39

013053.43−095710.1 0.733 45.14 2.18 8.85 1.20 -0.86

013258.27+133357.6 0.395 44.27 2.15 7.70 0.18 -0.58

013320.96+144931.0 0.370 43.79 2.10 8.07 0.74 -1.42

013352.65+011345.1 0.309 44.33 2.13 8.19 0.74 -1.01

013418.19+001536.6 0.402 45.00 2.36 8.65 0.29 -0.79

013437.16−084650.6 0.777 44.79 2.30 8.34 0.20 -0.70

013650.25−093910.6 0.425 44.38 2.05 7.84 0.70 -0.61

013859.33+132108.2 0.244 43.99 2.32 7.41 -0.79 -0.57

014004.70−094230.4 0.146 43.62 2.08 7.35 0.12 -0.88

014017.06−005003.0 0.335 45.14 2.22 8.78 0.97 -0.79
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014026.55+151813.4 0.635 44.78 2.04 8.15 1.06 -0.51

014028.12+132320.7 0.493 44.86 2.59 7.94 -1.35 -0.23

014040.71+001758.2 0.405 44.28 2.39 7.91 -0.58 -0.78

014105.87−100948.1 0.127 43.61 2.18 7.13 -0.52 -0.66

014136.40−001019.7 0.405 44.48 2.28 8.15 0.10 -0.81

014215.77−100725.7 0.413 44.33 2.08 8.08 0.85 -0.90

014234.40−011417.3 0.245 43.82 1.98 7.06 0.23 -0.39

014238.47+000514.7 0.146 43.72 2.09 7.46 0.19 -0.88

014303.22−004354.0 0.527 44.73 2.11 8.34 0.96 -0.76

014400.09+131231.6 0.289 43.90 2.32 8.17 -0.03 -1.41

014411.28−081301.3 0.240 44.04 2.27 7.93 -0.09 -1.03

014411.82−080713.3 0.500 44.16 2.19 7.25 -0.42 -0.23

014640.81−082117.2 0.130 43.88 2.28 7.53 -0.52 -0.80

014723.27+144320.9 0.434 44.49 2.21 7.34 -0.41 0.01

014814.03+140853.2 0.373 44.12 2.26 8.72 0.74 -1.75

015020.64−092055.6 0.304 44.42 2.26 8.26 0.28 -0.99

015219.34+141206.5 0.249 44.12 2.23 7.51 -0.32 -0.53

015307.73+001304.0 0.339 43.96 2.43 7.61 -1.02 -0.79

015313.07−091418.6 0.299 43.86 2.18 7.12 -0.52 -0.40

015324.15−100034.7 0.361 44.58 2.32 8.19 0.01 -0.76

015351.08+123836.7 0.536 44.84 2.48 8.63 -0.21 -0.93

015530.02−085704.0 0.165 44.24 2.01 8.58 1.61 -1.49

015628.04−084208.8 0.395 44.37 2.38 8.07 -0.39 -0.84

015824.22−090913.8 0.451 44.18 1.91 7.45 0.90 -0.42

015838.71+000126.3 0.467 44.54 2.27 7.97 -0.03 -0.57

015910.05+010514.5 0.217 44.28 2.44 8.03 -0.66 -0.90

020039.15−084554.9 0.433 44.65 2.05 7.60 0.47 -0.09

020056.20−094006.8 0.218 43.70 2.16 7.82 0.27 -1.27

020115.53+003135.0 0.363 44.37 2.21 7.98 0.23 -0.75

020118.67−091935.7 0.661 45.10 2.16 8.25 0.70 -0.29

020340.94−092134.1 0.548 44.34 2.03 7.89 0.84 -0.69

020413.08−090818.9 0.704 45.14 2.51 8.66 -0.30 -0.66

020539.97−090750.5 0.122 43.75 2.06 8.00 0.82 -1.40

020551.99−085356.6 0.677 44.62 2.23 8.25 0.42 -0.77

020844.08+140333.0 0.361 44.24 2.19 7.52 -0.15 -0.43

020900.19−095206.4 0.444 44.50 2.24 8.28 0.41 -0.93

020905.70−075900.9 0.430 44.25 2.34 8.32 0.03 -1.21

021046.47−004327.1 0.387 44.11 2.20 7.85 0.14 -0.89

021123.37+001959.4 0.487 44.41 2.17 8.47 0.88 -1.20

107



021218.32−073719.8 0.174 44.03 2.21 7.50 -0.28 -0.62

021225.56+010056.1 0.513 44.62 2.08 8.42 1.18 -0.94

021231.56−074459.7 0.370 44.06 2.11 7.75 0.37 -0.84

021247.97−002256.7 0.424 43.96 2.27 7.33 -0.66 -0.51

021256.90−092906.9 0.415 44.20 2.48 7.79 -1.05 -0.74

021318.29+130643.9 0.408 44.45 2.20 7.85 0.12 -0.55

021427.86+142339.8 0.432 44.38 2.47 8.20 -0.61 -0.96

021516.72−100006.7 0.257 43.89 2.11 7.67 0.32 -0.93

021707.87−084743.4 0.292 44.64 2.19 7.88 0.18 -0.38

021802.33−002648.8 0.274 43.92 2.13 7.73 0.30 -0.95

021929.12−080511.1 0.109 43.36 2.05 7.82 0.71 -1.60

022011.27−000636.2 0.270 44.01 2.06 7.96 0.81 -1.09

022054.26−003309.3 0.275 43.88 2.10 7.64 0.31 -0.91

022205.37−004947.9 0.526 44.69 2.17 7.68 0.08 -0.13

022226.12−085701.3 0.167 43.71 2.20 7.24 -0.47 -0.67

022541.54−084940.2 0.354 43.95 2.06 7.58 0.42 -0.77

022556.42−073248.6 0.192 44.07 2.23 7.22 -0.61 -0.30

022637.09−083118.0 0.185 43.82 2.15 7.65 0.12 -0.98

023020.94+001355.5 0.335 43.75 1.94 7.30 0.63 -0.70

023211.82+000802.3 0.432 44.26 2.40 7.42 -1.10 -0.30

023335.37−010744.7 0.368 44.43 2.37 7.81 -0.62 -0.53

023522.13−072427.7 0.358 44.22 2.14 8.21 0.71 -1.14

023602.07−090001.0 0.336 43.94 2.10 7.66 0.34 -0.87

023816.94−071810.9 0.605 44.65 1.92 7.74 1.15 -0.24

024040.31−080125.3 0.578 44.58 2.20 7.91 0.19 -0.48

024212.41−084857.2 0.505 44.34 2.31 8.05 -0.11 -0.86

024225.86−004142.6 0.384 43.55 2.02 7.24 0.22 -0.84

024240.31+005727.1 0.569 45.51 2.32 8.71 0.52 -0.34

024546.10−085842.0 0.149 43.85 2.18 7.37 -0.29 -0.67

024705.67+001834.5 0.650 44.48 2.37 8.32 -0.10 -0.98

024727.53−001041.5 0.339 44.01 2.09 7.25 -0.04 -0.38

024954.49+010148.1 0.586 44.51 2.23 7.98 0.13 -0.62

025007.02+002525.3 0.198 44.07 2.03 7.67 0.64 -0.75

025205.56−075749.7 0.368 44.17 2.18 8.15 0.52 -1.12

025646.97+011349.3 0.177 44.10 2.29 7.75 -0.34 -0.80

030021.40−071458.9 0.388 45.04 2.35 8.81 0.49 -0.92

030100.23+000429.3 0.486 44.45 1.92 8.33 1.74 -1.03

030335.76+004144.9 0.670 44.87 2.20 7.84 0.14 -0.12

030408.32−001128.9 0.479 44.50 2.04 8.65 1.55 -1.30
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030435.76−073705.1 0.307 44.55 2.39 8.40 -0.10 -0.99

030639.57+000343.2 0.108 43.87 2.27 7.18 -0.83 -0.45

030737.39−062613.2 0.485 44.32 2.24 7.84 -0.04 -0.66

030911.64+002358.8 0.611 45.44 2.32 8.71 0.50 -0.41

030932.24−061233.9 0.647 44.70 2.13 8.13 0.69 -0.58

031044.43−081552.2 0.360 44.00 2.17 7.74 0.16 -0.89

031201.96−063718.2 0.380 44.16 2.22 7.70 -0.11 -0.68

031208.17−063736.1 0.373 44.13 2.25 7.57 -0.36 -0.58

031209.20−081013.8 0.265 44.48 2.22 8.12 0.31 -0.78

031235.17−063430.9 0.352 44.29 2.22 8.40 0.59 -1.25

031427.45−011152.3 0.387 44.57 2.24 7.58 -0.33 -0.15

031722.16−065343.0 0.157 43.34 1.94 6.88 0.21 -0.69

031815.12−061120.1 0.297 43.90 2.27 7.97 -0.02 -1.21

031949.72−065459.2 0.714 45.03 2.09 8.52 1.24 -0.63

032205.04+001201.4 0.472 44.99 2.40 8.40 -0.11 -0.55

032227.14+005404.6 0.164 43.69 2.13 7.40 -0.05 -0.86

032234.07+002149.9 0.349 44.15 2.14 7.63 0.13 -0.62

032253.46−071310.7 0.573 44.83 2.48 8.12 -0.75 -0.44

032337.64+003555.6 0.216 44.18 2.35 7.27 -1.06 -0.24

032337.68−061128.8 0.413 44.09 2.25 7.43 -0.51 -0.49

032622.19−062425.8 0.457 44.36 2.27 8.42 0.41 -1.21

032708.80−065626.9 0.560 44.43 2.21 7.97 0.20 -0.69

033157.38−075549.6 0.527 44.94 2.52 8.03 -0.96 -0.24

033202.33−003738.9 0.608 44.92 2.26 9.11 1.14 -1.34

033218.04+010648.5 0.482 44.68 2.34 8.29 -0.01 -0.76

033304.10+005210.7 0.305 44.18 2.09 8.05 0.78 -1.02

033305.96+005735.9 0.312 43.97 2.26 7.76 -0.20 -0.93

033438.28−071149.0 0.635 45.24 2.15 8.68 1.17 -0.59

033651.52−001024.7 0.187 43.77 2.20 7.81 0.08 -1.19

033901.67−055139.9 0.225 44.12 2.29 7.42 -0.67 -0.44

033923.65−002310.2 0.369 44.01 2.12 7.15 -0.25 -0.28

034000.50−051747.1 0.345 44.63 2.42 7.42 -1.19 0.07

034106.76+004610.0 0.634 44.99 2.07 8.61 1.39 -0.77

034241.33+001343.1 0.152 43.61 2.18 7.43 -0.22 -0.96

034406.05−070716.6 0.295 44.09 2.39 7.53 -0.97 -0.59

035024.19−045315.5 0.716 45.44 2.14 8.38 0.90 -0.09

035206.93−064415.6 0.173 44.02 2.19 8.19 0.52 -1.32

035759.02−055015.1 0.439 44.53 2.53 8.13 -0.92 -0.75

035918.42−044313.5 0.319 44.31 2.20 8.17 0.43 -1.00
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040635.39−044833.2 0.541 44.08 2.06 7.32 0.17 -0.38

040635.57−051807.2 0.632 44.71 2.15 8.19 0.65 -0.63

040906.27−041022.0 0.133 43.21 1.85 7.14 0.81 -1.07

040908.89−045929.7 0.319 43.94 2.20 8.23 0.51 -1.43

041008.87−063535.7 0.275 43.76 2.01 7.73 0.76 -1.12

073602.07+330342.3 0.553 44.49 2.36 7.42 -0.93 -0.08

073623.12+392617.8 0.118 44.20 2.35 7.55 -0.79 -0.50

073642.77+320915.5 0.185 43.89 2.20 7.10 -0.61 -0.35

073654.04+302657.5 0.725 44.88 2.21 8.45 0.70 -0.71

073743.57+304543.4 0.246 43.94 2.13 7.68 0.25 -0.89

073810.08+390456.8 0.273 44.16 2.29 7.95 -0.13 -0.94

073912.65+400443.8 0.461 44.69 2.36 8.15 -0.22 -0.61

073941.87+390158.8 0.383 44.13 2.09 8.18 0.89 -1.19

074007.28+410903.6 0.235 44.18 2.24 8.28 0.39 -1.25

074035.15+304358.9 0.752 44.66 2.18 8.03 0.40 -0.51

074157.25+275519.8 0.326 44.27 2.36 8.40 0.03 -1.28

074207.62+251726.5 0.294 43.91 2.31 7.18 -0.99 -0.41

074229.48+331509.7 0.486 44.25 2.32 8.34 0.13 -1.24

074233.66+334043.7 0.225 43.77 2.22 8.13 0.34 -1.50

074255.78+234252.6 0.337 43.92 2.22 7.38 -0.42 -0.61

074311.35+352811.5 0.303 44.17 2.36 7.61 -0.74 -0.59

074344.97+232838.9 0.776 45.29 2.22 9.05 1.26 -0.91

074513.51+221418.3 0.663 44.51 2.16 8.37 0.83 -1.01

074542.42+421405.9 0.268 43.98 2.38 8.27 -0.20 -1.43

074559.32+331334.1 0.611 44.78 2.33 8.60 0.35 -0.97

074613.32+332603.9 0.318 44.09 2.64 7.81 -1.69 -0.87

074636.53+430206.6 0.514 44.39 2.37 7.56 -0.86 -0.32

074642.59+360017.6 0.467 44.48 2.23 8.25 0.42 -0.92

074645.04+314149.3 0.327 44.54 2.07 7.48 0.27 -0.08

074718.26+321933.1 0.353 44.06 2.31 7.57 -0.58 -0.65

074732.62+371722.9 0.396 44.28 2.35 8.08 -0.23 -0.95

074738.38+245637.3 0.130 43.92 2.22 7.36 -0.46 -0.58

074758.21+262045.9 0.324 44.06 2.08 8.00 0.78 -1.09

074759.02+431805.4 0.501 44.36 2.34 8.29 -0.01 -1.08

074819.03+335310.9 0.281 44.03 2.17 7.58 -0.03 -0.70

074820.96+340752.6 0.343 44.49 2.46 7.99 -0.76 -0.65

074829.90+334614.0 0.330 44.43 2.14 7.38 -0.09 -0.10

074832.94+340935.2 0.580 44.59 2.32 7.81 -0.39 -0.37

074833.24+232330.5 0.403 44.22 2.13 7.56 0.11 -0.48
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074841.62+344415.2 0.192 43.77 2.12 7.97 0.57 -1.35

074842.82+424404.6 0.181 43.61 1.93 7.51 0.86 -1.05

074906.25+354133.7 0.226 43.63 2.05 7.04 -0.09 -0.56

074928.73+335104.5 0.138 43.40 2.19 7.25 -0.44 -0.99

074948.25+345443.9 0.132 44.05 2.10 7.62 0.31 -0.71

075106.90+431918.5 0.232 43.84 2.16 8.12 0.57 -1.43

075126.21+360949.3 0.148 43.85 2.20 7.26 -0.47 -0.56

075141.71+250322.4 0.554 44.86 2.35 8.49 0.18 -0.77

075204.75+362459.6 0.268 43.75 2.14 7.36 -0.12 -0.75

075209.08+414235.5 0.259 44.09 2.03 7.42 0.38 -0.48

075210.78+345710.6 0.406 44.15 2.26 8.16 0.20 -1.16

075228.64+405931.7 0.423 44.27 2.28 7.89 -0.17 -0.76

075333.82+385722.1 0.147 43.59 2.22 7.22 -0.57 -0.78

075352.98+315341.6 0.494 44.66 2.00 7.96 1.06 -0.45

075353.85+262259.7 0.494 44.46 2.16 7.74 0.19 -0.42

075402.82+363936.2 0.586 44.79 2.42 7.97 -0.63 -0.33

075415.85+355724.5 0.351 44.14 2.04 8.08 1.00 -1.09

075420.58+420337.8 0.428 43.99 2.31 7.77 -0.39 -0.93

075435.80+251803.4 0.666 44.76 2.21 8.16 0.40 -0.55

075440.32+324105.2 0.412 44.46 2.23 8.47 0.63 -1.16

075529.29+415513.6 0.332 44.17 2.17 8.54 0.94 -1.52

075535.24+414624.9 0.363 44.06 2.32 8.06 -0.13 -1.15

075616.69+252410.9 0.285 44.01 2.25 7.52 -0.39 -0.66

075720.40+461113.4 0.458 44.34 2.28 7.85 -0.19 -0.66

075734.03+281105.5 0.752 45.10 2.01 8.15 1.18 -0.20

075844.15+334526.7 0.273 43.91 2.26 7.61 -0.36 -0.84

080035.71+324656.9 0.291 43.84 2.31 7.68 -0.47 -0.98

080054.00+391719.2 0.199 44.03 2.11 7.84 0.48 -0.96

080131.96+473616.0 0.157 44.54 2.33 8.68 0.42 -1.28

080231.40+403013.4 0.386 44.42 2.09 8.10 0.82 -0.83

080235.90+475134.0 0.409 44.65 2.45 8.73 0.01 -1.23

080250.82+391903.0 0.518 44.69 2.24 8.41 0.53 -0.86

080337.41+364404.6 0.366 44.14 2.05 8.01 0.87 -1.02

080349.24+461010.0 0.516 44.88 2.17 8.54 0.93 -0.81

080359.23+433258.4 0.449 44.82 2.13 7.91 0.48 -0.24

080417.47+422844.3 0.538 44.55 2.13 7.99 0.56 -0.59

080439.54+315809.4 0.374 44.10 2.41 7.60 -0.96 -0.64

080456.48+370556.9 0.467 44.42 2.10 7.87 0.53 -0.60

080513.09+291004.1 0.269 43.76 2.06 7.10 -0.06 -0.49
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080549.74+295441.9 0.161 43.61 2.19 7.38 -0.29 -0.91

080607.38+400200.8 0.498 44.14 2.10 8.38 1.06 -1.38

080618.93+321346.4 0.469 44.80 2.41 8.04 -0.52 -0.39

080628.53+301313.3 0.388 44.11 2.22 7.44 -0.37 -0.47

080642.13+425856.4 0.478 44.77 2.05 8.00 0.88 -0.38

080644.65+384318.2 0.346 44.53 2.22 7.92 0.12 -0.54

080718.74+272947.1 0.341 44.16 2.10 7.79 0.47 -0.78

080725.82+414707.5 0.515 44.57 2.31 8.69 0.51 -1.27

080742.46+375332.1 0.230 44.00 2.01 7.30 0.32 -0.44

080804.97+424310.4 0.225 43.85 2.13 7.88 0.45 -1.17

080818.35+481758.9 0.218 43.98 2.12 7.54 0.16 -0.71

080829.16+440754.1 0.276 44.40 2.30 7.81 -0.30 -0.56

080915.51+480409.7 0.417 44.24 2.13 7.87 0.43 -0.78

080934.31+335238.4 0.450 44.01 2.13 7.13 -0.30 -0.27

080934.86+485300.7 0.116 43.30 2.06 7.46 0.28 -1.30

080945.42+293043.0 0.499 44.68 2.30 8.46 0.33 -0.92

080947.92+422851.2 0.787 45.28 2.25 8.31 0.38 -0.18

081004.08+283101.6 0.421 44.41 2.15 7.90 0.36 -0.63

081058.99+413402.7 0.507 44.53 2.22 8.00 0.18 -0.62

081059.27+283658.6 0.330 44.42 2.45 8.17 -0.58 -0.89

081137.22+483133.7 0.703 44.95 2.17 8.71 1.12 -0.90

081150.46+453428.1 0.521 44.30 2.08 7.99 0.76 -0.83

081156.78+354205.0 0.695 44.76 2.27 8.42 0.41 -0.81

081212.97+030720.4 0.226 43.65 2.11 7.41 0.04 -0.90

081222.99+461529.1 0.312 44.62 2.20 7.86 0.12 -0.39

081231.43+441620.8 0.297 44.32 2.23 7.55 -0.31 -0.37

081237.82+435635.0 0.183 44.07 2.32 8.23 0.02 -1.31

081240.35+390951.3 0.381 44.05 2.23 7.63 -0.23 -0.73

081242.67+375042.4 0.536 44.35 2.26 7.64 -0.32 -0.44

081249.59+463050.7 0.282 44.19 2.18 7.35 -0.30 -0.30

081300.85+424543.4 0.514 44.31 2.32 8.13 -0.07 -0.96

081307.46+361441.7 0.179 43.84 2.29 7.69 -0.41 -1.00

081313.62+444827.2 0.364 44.25 2.32 7.40 -0.79 -0.30

081317.92+435620.6 0.255 44.26 2.12 8.24 0.86 -1.13

081321.36+393109.0 0.205 43.76 2.11 7.10 -0.27 -0.49

081331.13+040949.4 0.394 44.53 2.33 8.52 0.26 -1.13

081353.72+261256.4 0.683 44.55 2.20 7.96 0.24 -0.56

081443.39+435314.7 0.225 43.98 2.28 8.28 0.24 -1.45

081459.87+375654.6 0.427 44.26 2.06 7.47 0.31 -0.36
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081503.09+293649.5 0.265 43.93 2.03 7.43 0.40 -0.64

081529.59+372249.3 0.178 43.79 2.17 7.51 -0.11 -0.86

081540.84+395437.8 0.464 44.58 2.00 8.46 1.55 -1.03

081558.06+501232.3 0.601 45.12 2.36 8.76 0.39 -0.79

081615.56+473520.8 0.430 44.37 2.38 8.05 -0.42 -0.82

081651.85+495334.8 0.160 43.90 2.22 7.79 -0.01 -1.03

081652.24+425829.3 0.235 44.46 2.25 8.01 0.10 -0.70

081737.91+303803.2 0.703 45.09 2.25 8.19 0.28 -0.24

081838.87+431755.7 0.545 44.11 1.91 7.66 1.09 -0.70

081921.95+351706.6 0.364 44.17 2.11 8.04 0.70 -1.02

081936.08+353129.2 0.246 43.79 2.10 8.25 0.93 -1.61

082015.09+041148.7 0.331 44.18 1.92 7.70 1.09 -0.67

082016.59+363049.7 0.336 44.18 2.38 8.21 -0.23 -1.18

082018.49+344140.9 0.498 44.30 2.35 8.41 0.06 -1.25

082034.40+485156.4 0.513 44.58 2.21 8.16 0.40 -0.73

082146.37+325348.9 0.462 44.45 2.17 8.06 0.44 -0.75

082221.90+410418.8 0.341 43.49 2.07 6.86 -0.36 -0.52

082222.41+414327.8 0.342 44.21 2.33 8.13 -0.13 -1.06

082244.88+460318.0 0.352 44.19 1.99 7.22 0.34 -0.19

082251.36+455946.2 0.679 44.77 2.35 8.61 0.28 -0.99

082308.37+512330.5 0.359 44.39 2.36 8.10 -0.28 -0.86

082324.60+425349.4 0.560 44.43 2.39 7.76 -0.73 -0.48

082439.00+405707.7 0.612 45.39 2.37 8.82 0.40 -0.57

082445.63+034905.2 0.348 44.33 2.21 8.25 0.48 -1.06

082511.67+500112.5 0.326 43.95 2.17 7.82 0.21 -1.02

082544.93+035356.6 0.761 44.87 2.29 8.38 0.31 -0.65

082553.30+334146.1 0.496 44.47 2.22 7.90 0.12 -0.58

082602.65+463619.7 0.445 44.27 2.02 7.55 0.56 -0.43

082708.43+285947.1 0.482 44.10 2.11 8.06 0.71 -1.10

082708.54+425017.8 0.333 43.98 2.32 8.16 -0.06 -1.33

082733.93+043617.3 0.221 44.22 2.37 7.96 -0.44 -0.89

082753.70+521758.3 0.338 44.18 2.33 7.87 -0.37 -0.84

082802.15+514930.6 0.356 44.80 2.18 8.06 0.40 -0.40

082928.07+380521.6 0.429 44.16 2.49 7.37 -1.50 -0.36

082939.88+325814.7 0.384 44.46 2.29 8.23 0.16 -0.91

082944.33+325221.0 0.126 43.79 2.02 7.01 0.02 -0.36

082952.68+525648.8 0.543 44.54 2.24 8.51 0.61 -1.12

082953.90+371830.4 0.390 44.28 2.05 8.38 1.24 -1.24

082956.15+383910.3 0.230 43.70 2.12 7.66 0.24 -1.11
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082958.78+513044.5 0.343 45.09 2.24 9.00 1.11 -1.05

083042.17+415142.7 0.469 44.36 2.25 7.71 -0.23 -0.49

083054.41+040708.3 0.445 44.92 2.19 8.80 1.14 -1.03

083105.43+484231.5 0.170 43.76 2.17 7.39 -0.21 -0.78

083122.67+372440.0 0.253 43.86 2.10 7.80 0.49 -1.08

083132.58+521142.7 0.395 44.09 2.25 8.23 0.29 -1.29

083156.38+452509.9 0.306 44.02 2.33 7.16 -1.08 -0.29

083158.49+503444.1 0.531 44.36 2.15 8.17 0.65 -0.95

083232.38+492348.1 0.733 44.89 2.36 8.15 -0.23 -0.41

083312.40+401121.2 0.439 44.74 2.33 8.37 0.14 -0.78

083317.45+512422.4 0.591 44.91 2.23 7.61 -0.23 0.15

083417.90+491439.2 0.174 43.95 2.25 7.25 -0.67 -0.45

083418.39+414704.2 0.334 44.20 2.31 7.87 -0.30 -0.82

083427.88+485137.3 0.375 43.88 2.19 7.17 -0.50 -0.44

083441.39+505021.4 0.419 44.16 2.48 7.84 -1.02 -0.83

083443.80+382632.7 0.289 44.45 2.26 8.49 0.53 -1.19

083528.42+384712.5 0.406 44.33 2.31 8.06 -0.09 -0.88

083627.76+353612.8 0.533 44.54 2.21 7.85 0.09 -0.45

083647.51+042214.4 0.182 43.97 1.88 7.74 1.31 -0.91

083658.78+530950.0 0.544 44.80 2.12 8.07 0.68 -0.42

083658.91+442602.3 0.255 45.13 2.24 8.48 0.60 -0.50

083722.40+042659.6 0.699 44.64 2.21 7.83 0.07 -0.34

083740.37+324830.5 0.411 44.64 2.34 7.80 -0.47 -0.31

083810.00+350642.1 0.263 43.82 2.32 7.38 -0.83 -0.70

083811.20+485506.3 0.555 44.58 2.40 8.42 -0.10 -0.99

083909.66+472501.1 0.363 44.30 2.24 7.86 -0.01 -0.70

083956.19+410950.9 0.629 44.58 2.18 8.42 0.78 -0.98

084001.30+502944.9 0.277 44.12 2.31 7.88 -0.28 -0.91

084018.55+370058.3 0.551 44.06 1.95 7.60 0.86 -0.68

084038.77+503633.5 0.354 44.29 2.39 8.01 -0.48 -0.86

084058.64+412520.5 0.693 45.35 2.15 8.36 0.83 -0.16

084131.58+031545.7 0.517 44.47 2.28 7.59 -0.45 -0.27

084203.73+401831.3 0.152 44.14 2.29 8.69 0.60 -1.69

084230.51+495802.3 0.306 44.44 2.34 8.40 0.10 -1.10

084254.23+555335.8 0.287 43.83 2.13 7.57 0.11 -0.89

084314.94+384250.5 0.121 43.44 2.17 7.27 -0.34 -0.98

084349.32+464400.7 0.216 43.56 2.11 7.21 -0.16 -0.80

084406.99+355239.8 0.467 44.45 2.08 8.01 0.76 -0.70

084419.29+503152.4 0.324 44.13 2.34 8.33 0.05 -1.34
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084433.01+380135.2 0.345 44.49 2.23 7.92 0.07 -0.58

084434.97+005517.7 0.440 44.69 2.11 7.76 0.38 -0.21

084455.79+470333.9 0.418 44.16 2.20 7.66 -0.04 -0.65

084504.21+542612.0 0.304 44.19 2.37 7.74 -0.67 -0.69

084517.90+061215.4 0.655 44.85 2.12 8.55 1.15 -0.85

084622.53+031322.0 0.107 43.57 2.08 7.85 0.62 -1.43

084639.02+534818.1 0.553 44.42 2.20 8.04 0.34 -0.77

084720.10+420250.2 0.352 44.27 2.13 7.74 0.29 -0.61

084744.31+465234.4 0.419 43.50 2.18 7.40 -0.23 -1.05

084804.24+393404.1 0.170 43.77 2.23 7.86 0.02 -1.24

084856.47+514226.2 0.288 43.96 2.37 8.18 -0.24 -1.36

084903.60+055905.9 0.534 44.82 2.55 8.68 -0.46 -1.01

084931.22+561938.4 0.362 44.43 2.26 8.27 0.30 -0.98

084958.48+505449.3 0.369 44.13 2.12 7.40 0.00 -0.42

085014.66+380618.5 0.438 44.03 2.27 7.22 -0.77 -0.34

085102.97+512442.5 0.405 44.74 2.66 7.72 -1.84 -0.13

085120.55+570211.6 0.464 44.50 2.14 8.21 0.74 -0.85

085127.67+413458.5 0.135 43.74 2.22 7.84 0.03 -1.24

085216.21+450533.7 0.720 44.74 2.26 8.15 0.18 -0.56

085217.18+434911.2 0.516 44.73 2.24 8.72 0.82 -1.14

085242.38+442522.4 0.315 44.44 2.28 8.12 0.06 -0.82

085247.10+065223.2 0.472 44.56 2.62 8.58 -0.83 -1.17

085339.64+421605.9 0.433 44.39 2.33 7.60 -0.66 -0.35

085403.30+471145.8 0.472 44.44 2.20 7.96 0.24 -0.67

085404.40+502824.5 0.342 44.07 2.20 8.52 0.80 -1.60

085405.04+525837.1 0.343 44.13 2.13 7.96 0.51 -0.98

085423.82+354529.7 0.677 44.70 2.12 8.05 0.66 -0.49

085451.72+001153.3 0.536 44.11 2.04 7.63 0.57 -0.67

085452.42+524009.0 0.498 44.53 2.17 8.42 0.84 -1.04

085509.25+510324.1 0.182 43.88 2.09 7.94 0.67 -1.21

085516.20+561656.8 0.443 44.67 2.45 8.55 -0.19 -1.02

085609.91+565714.5 0.188 43.96 2.12 7.88 0.49 -1.06

085625.63+511137.0 0.542 44.59 2.67 7.92 -1.71 -0.47

085721.03+363844.3 0.451 44.61 2.29 8.76 0.69 -1.29

085723.61+032032.1 0.420 44.52 2.11 8.01 0.66 -0.63

085728.39+521635.2 0.274 44.14 2.27 8.11 0.11 -1.11

085755.91+522636.6 0.262 43.86 2.25 8.18 0.24 -1.46

085813.90+024525.8 0.526 44.30 2.21 7.79 0.05 -0.64

085848.00+565744.5 0.454 44.17 2.10 7.88 0.56 -0.86
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085919.93+514630.9 0.392 44.14 2.18 8.05 0.39 -1.06

085925.87+410438.1 0.517 44.44 2.08 8.58 1.32 -1.28

090007.99+364610.5 0.517 45.20 2.22 9.31 1.50 -1.26

090012.97+035007.8 0.450 44.65 2.17 7.80 0.19 -0.30

090025.96+465003.0 0.378 44.20 2.10 8.51 1.19 -1.45

090026.98+482957.8 0.121 43.50 2.01 7.48 0.54 -1.12

090054.39+012605.3 0.261 44.00 2.03 8.09 1.04 -1.24

090107.65+465345.9 0.423 44.42 2.25 7.62 -0.31 -0.35

090127.98+462539.1 0.378 44.24 2.56 7.84 -1.34 -0.75

090153.09+554641.7 0.367 44.20 1.95 7.58 0.88 -0.53

090210.15+444625.5 0.266 43.98 2.41 7.34 -1.23 -0.50

090244.27+470650.4 0.397 44.59 2.26 7.50 -0.47 -0.06

090337.60+460038.9 0.329 44.02 2.23 7.90 0.05 -1.02

090340.98+391709.8 0.577 44.70 2.26 8.58 0.62 -1.03

090345.16+484016.2 0.239 44.16 2.44 8.29 -0.41 -1.27

090347.33+002026.2 0.413 44.43 2.20 8.06 0.35 -0.78

090354.59+451004.6 0.217 43.67 2.28 7.44 -0.59 -0.91

090429.01+422659.4 0.226 44.05 2.46 8.01 -0.77 -1.11

090432.19+553830.1 0.269 44.04 2.24 8.02 0.14 -1.13

090455.00+511444.6 0.225 44.41 2.12 8.03 0.62 -0.77

090457.90+010423.0 0.279 43.90 2.20 7.47 -0.27 -0.72

090522.78+425721.8 0.382 44.24 2.30 7.32 -0.81 -0.23

090548.28+452633.9 0.506 44.59 2.50 8.00 -0.94 -0.55

090601.33+485148.8 0.391 44.77 2.20 7.86 0.16 -0.24

090610.11+542323.2 0.628 44.72 2.23 8.27 0.43 -0.70

090725.91+021521.1 0.274 44.55 2.25 7.66 -0.26 -0.26

090734.52+491911.7 0.142 43.49 1.99 6.94 0.08 -0.60

090743.66+551512.4 0.644 45.12 2.48 8.19 -0.66 -0.21

090847.39+494006.0 0.419 45.05 2.56 7.92 -1.27 -0.01

090940.44+532707.0 0.268 43.94 2.18 8.03 0.39 -1.24

090949.97+572741.8 0.470 44.33 2.28 8.14 0.10 -0.96

091010.01+481341.7 0.117 43.90 2.29 8.13 0.05 -1.38

091029.03+542719.0 0.526 44.54 2.23 8.24 0.39 -0.85

091133.85+442250.1 0.298 44.20 2.34 7.99 -0.29 -0.94

091205.16+543141.3 0.448 44.32 2.24 8.67 0.80 -1.50

091244.02+460236.6 0.447 44.84 2.13 8.46 1.02 -0.76

091250.61+035221.7 0.208 43.82 2.22 8.06 0.24 -1.39

091312.64+574732.0 0.342 44.20 2.08 8.30 1.06 -1.24

091333.66−004250.9 0.427 44.78 2.19 8.79 1.12 -1.15
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091417.24+503427.1 0.187 44.03 2.17 7.53 -0.09 -0.65

091418.72+542032.6 0.101 43.28 2.09 7.92 0.66 -1.79

091423.03+503855.3 0.527 44.59 2.06 8.40 1.25 -0.96

091433.76+602313.1 0.267 43.93 2.32 7.66 -0.56 -0.87

091437.91+024559.2 0.427 44.19 2.31 8.05 -0.10 -1.01

091448.70+560335.9 0.118 43.48 1.92 7.33 0.72 -1.00

091609.60+000018.8 0.801 45.48 2.39 8.38 -0.10 -0.04

091624.77+040943.3 0.315 44.37 2.19 8.31 0.63 -1.09

091625.39+471441.6 0.538 45.34 2.53 8.31 -0.75 -0.11

091626.80+032805.3 0.327 44.06 1.94 7.99 1.30 -1.07

091635.45+541426.9 0.285 43.92 2.30 8.00 -0.13 -1.22

091635.55+602722.6 0.262 43.89 2.30 7.89 -0.22 -1.15

091702.38−004417.5 0.322 44.92 2.27 8.26 0.26 -0.48

091729.52+603143.8 0.195 43.83 2.15 7.57 0.05 -0.88

091818.84+541143.5 0.102 43.41 1.86 7.85 1.47 -1.58

091828.59+513932.0 0.186 44.09 2.16 8.22 0.66 -1.27

091907.16+012046.0 0.287 43.95 2.19 7.98 0.31 -1.17

091922.54+083405.7 0.318 44.01 2.24 7.44 -0.43 -0.58

091955.33+552137.0 0.124 44.37 2.10 8.20 0.87 -0.98

092008.22+032245.4 0.334 44.44 2.39 7.93 -0.56 -0.63

092153.35+002244.0 0.493 44.31 2.12 7.87 0.48 -0.70

092215.14+040843.3 0.504 44.40 2.22 7.93 0.12 -0.68

092326.86+543824.7 0.478 44.42 2.33 7.98 -0.27 -0.71

092358.79+584906.1 0.710 45.61 2.38 8.47 0.04 0.00

092400.08+024408.5 0.349 44.67 2.28 8.03 -0.02 -0.50

092415.98+464344.2 0.645 44.58 2.03 8.33 1.29 -0.89

092440.42−000134.7 0.323 44.21 2.22 7.99 0.19 -0.93

092441.08−001729.6 0.707 45.18 2.36 8.58 0.21 -0.54

092451.61+451639.6 0.618 44.48 2.09 7.91 0.61 -0.58

092514.36+544427.1 0.474 45.35 2.24 8.87 0.99 -0.67

092524.70+543459.7 0.561 44.52 2.22 8.61 0.82 -1.24

092544.61+001527.1 0.299 43.80 2.25 7.45 -0.47 -0.80

092554.44+453544.3 0.330 44.48 2.28 7.84 -0.19 -0.50

092626.00+542628.9 0.412 44.31 2.13 7.99 0.55 -0.83

092632.30+543846.5 0.413 44.35 2.03 7.76 0.74 -0.56

092700.27+511627.2 0.462 44.38 2.15 7.68 0.17 -0.45

092702.30+043308.2 0.322 44.31 2.41 8.52 -0.04 -1.36

092703.01+390220.8 0.696 45.55 2.36 8.79 0.42 -0.38

092703.20+522316.5 0.603 45.43 2.38 8.73 0.30 -0.44
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092722.36+024407.9 0.434 44.40 2.11 8.31 0.97 -1.06

092725.12+024349.2 0.734 44.92 2.09 8.48 1.19 -0.70

092753.92+510843.3 0.312 44.21 2.26 7.90 -0.07 -0.83

092758.43+571234.5 0.227 44.12 2.25 7.40 -0.53 -0.43

092803.05+442009.1 0.264 43.83 2.22 7.60 -0.19 -0.91

092831.47+611128.1 0.276 43.90 2.20 7.12 -0.62 -0.37

092858.18+014531.9 0.702 44.81 2.10 8.03 0.72 -0.36

092933.97+503025.4 0.561 44.38 2.33 7.84 -0.39 -0.60

092945.44+441435.1 0.330 44.09 2.06 7.58 0.42 -0.64

093005.42+461617.7 0.472 44.58 2.10 8.07 0.73 -0.63

093017.71+470721.0 0.160 43.94 2.04 7.77 0.70 -0.98

093104.22+554708.0 0.164 43.78 2.27 7.70 -0.31 -1.07

093138.29+055538.6 0.366 44.24 2.16 8.27 0.71 -1.17

093150.96+450041.2 0.452 44.35 2.25 7.85 -0.07 -0.65

093203.97+614051.6 0.359 44.59 2.17 8.18 0.57 -0.73

093204.06+041625.5 0.526 44.52 2.45 7.97 -0.77 -0.59

093241.14+530633.8 0.597 44.52 2.22 7.45 -0.37 -0.07

093257.72+475249.6 0.198 43.97 2.31 8.16 -0.01 -1.33

093258.24+531748.7 0.466 44.15 2.42 7.93 -0.69 -0.93

093301.58+495029.5 0.616 44.69 2.08 8.50 1.24 -0.96

093317.86+055457.7 0.539 44.57 2.08 7.85 0.62 -0.43

093418.21+573606.7 0.505 44.54 2.33 8.55 0.30 -1.15

093433.95+030645.1 0.298 44.45 2.26 8.38 0.40 -1.08

093524.71+031130.9 0.364 44.45 2.36 8.41 0.06 -1.10

093532.46+534836.7 0.687 44.94 2.38 8.80 0.35 -1.00

093539.64−005004.1 0.345 44.11 2.23 8.29 0.43 -1.32

093610.76+475527.7 0.367 44.41 2.41 8.48 -0.09 -1.21

093652.74+014328.0 0.435 44.30 2.15 7.49 -0.03 -0.33

093656.00+511831.9 0.441 44.20 2.13 8.38 0.94 -1.33

093708.51+012543.9 0.332 44.11 2.21 7.96 0.20 -0.99

093732.35+474631.9 0.280 43.94 2.17 7.62 -0.01 -0.82

093734.95+531259.9 0.244 43.90 2.11 8.24 0.89 -1.49

093747.79+461257.4 0.503 44.33 2.08 8.22 0.98 -1.03

093757.36+515609.8 0.341 44.12 2.26 8.31 0.36 -1.34

093811.33+023938.3 0.476 44.41 2.41 8.02 -0.54 -0.76

093814.81+020023.5 0.175 44.07 2.19 7.84 0.17 -0.92

093826.21+022038.3 0.441 44.52 2.06 8.50 1.33 -1.13

093844.45+005715.7 0.171 44.27 2.31 8.83 0.67 -1.71

093914.18+433018.7 0.610 44.73 2.19 8.30 0.62 -0.72
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093931.84+544909.2 0.293 44.12 2.44 8.12 -0.58 -1.14

093943.74+560230.4 0.117 43.88 2.30 8.22 0.11 -1.48

093943.81+022338.6 0.442 44.21 2.18 7.49 -0.16 -0.43

093958.35+024011.5 0.241 43.66 2.06 7.61 0.46 -1.10

094006.74+584715.1 0.401 43.77 2.09 8.22 0.95 -1.60

094009.63+033041.9 0.616 44.69 2.18 8.14 0.51 -0.60

094042.92+021557.3 0.387 44.48 2.24 8.66 0.75 -1.32

094233.92+575835.2 0.564 44.70 2.03 8.37 1.34 -0.82

094257.11+582648.0 0.711 45.01 2.32 8.38 0.18 -0.51

094402.51+573209.1 0.185 43.80 2.10 7.17 -0.17 -0.51

094408.21+083907.4 0.376 44.18 2.41 7.92 -0.66 -0.89

094410.33+603336.3 0.457 44.48 2.38 7.52 -0.92 -0.19

094439.88+034940.1 0.156 44.18 2.38 8.13 -0.32 -1.10

094458.50+024804.6 0.360 44.44 2.13 8.51 1.07 -1.21

094625.98+505858.3 0.505 44.41 2.24 8.27 0.41 -1.01

094737.94+615021.4 0.395 44.01 2.03 7.76 0.71 -0.89

094801.64+420928.4 0.652 44.73 2.37 8.26 -0.13 -0.68

094806.55+031801.9 0.208 43.80 2.09 7.27 0.00 -0.62

094831.08+501627.9 0.511 44.54 2.27 8.21 0.21 -0.81

094903.55+474654.0 0.215 43.73 2.08 7.12 -0.12 -0.53

094937.79+023407.3 0.264 43.76 2.10 7.00 -0.32 -0.38

095031.57+382608.1 0.416 43.87 2.25 8.14 0.22 -1.42

095036.75+512838.1 0.215 44.06 2.39 7.74 -0.73 -0.83

095036.97+053755.4 0.254 44.06 2.08 8.14 0.89 -1.23

095214.12+623550.0 0.437 44.27 2.18 8.21 0.58 -1.08

095220.93+021626.7 0.500 44.50 2.09 8.26 0.97 -0.91

095225.72+513542.2 0.652 44.59 2.22 7.65 -0.15 -0.20

095239.81+080715.6 0.545 44.77 2.14 8.75 1.24 -1.12

095303.08+503025.5 0.409 44.41 2.70 7.99 -1.75 -0.72

095304.40+395511.7 0.563 44.69 2.63 8.05 -1.39 -0.51

095306.78+591013.2 0.208 43.65 2.06 8.09 0.92 -1.59

095310.69+032725.5 0.185 43.53 2.27 7.25 -0.74 -0.87

095311.62+033821.4 0.419 44.50 2.18 7.68 0.03 -0.33

095553.14+633742.8 0.357 44.01 2.10 7.18 -0.16 -0.32

095608.26+002812.8 0.310 43.82 2.01 8.09 1.12 -1.41

095618.28+425434.3 0.524 44.30 2.49 8.07 -0.82 -0.92

095625.93−000353.1 0.513 44.46 2.12 7.99 0.57 -0.68

095627.01+540414.9 0.207 43.83 2.13 7.65 0.20 -0.97

095630.77−003438.1 0.270 43.47 2.00 7.27 0.34 -0.95
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095702.82+563136.0 0.689 45.16 2.07 8.45 1.24 -0.44

095750.02+530104.8 0.437 43.90 2.12 8.08 0.69 -1.33

095751.90+501132.5 0.427 44.26 2.21 7.85 0.07 -0.73

095755.41+444703.6 0.548 44.50 2.36 7.99 -0.37 -0.64

095808.51+494154.9 0.500 44.27 2.34 7.55 -0.76 -0.43

095823.73+011235.7 0.505 44.39 2.50 7.44 -1.49 -0.19

095833.43+473854.9 0.418 44.36 2.30 7.91 -0.21 -0.70

095851.67+511045.8 0.392 44.56 2.40 7.91 -0.60 -0.50

095854.22+050626.0 0.276 43.90 2.08 8.23 0.97 -1.48

095915.65+050355.1 0.163 44.15 2.13 7.77 0.31 -0.77

095916.32+580700.4 0.465 44.56 1.96 7.69 0.92 -0.28

095929.45+031101.5 0.125 43.50 2.16 7.84 0.27 -1.49

095938.93+622107.1 0.287 43.79 2.12 7.18 -0.21 -0.54

095939.25+480438.8 0.399 44.60 2.08 8.67 1.44 -1.21

095948.55+594250.4 0.169 43.92 2.19 8.08 0.41 -1.31

100025.24+015852.0 0.373 44.12 2.05 8.21 1.09 -1.23

100033.55+381317.9 0.640 45.01 2.56 8.01 -1.16 -0.15

100056.41+045627.2 0.124 43.58 2.11 7.49 0.14 -1.06

100157.97+581646.5 0.289 44.24 2.19 7.70 0.01 -0.62

100201.77+620816.3 0.134 43.53 1.91 6.93 0.37 -0.55

100213.88+492934.9 0.396 44.27 2.23 8.04 0.21 -0.92

100255.10−002449.8 0.123 43.38 1.95 7.51 0.80 -1.28

100314.10+480645.9 0.164 43.78 2.17 7.42 -0.18 -0.79

100343.22+512610.9 0.432 44.19 2.12 8.45 1.05 -1.40

100349.47+570659.9 0.291 43.92 2.06 7.52 0.34 -0.74

100413.77+482607.2 0.563 44.59 2.14 7.87 0.39 -0.43

100439.33+453640.3 0.214 43.72 2.09 7.32 0.03 -0.75

100444.43+451829.5 0.492 44.54 2.42 7.68 -0.91 -0.29

100448.25+004009.4 0.214 43.88 2.12 8.13 0.71 -1.39

100529.06+421248.5 0.361 44.27 2.47 7.88 -0.93 -0.76

100626.98+631734.6 0.235 43.80 2.11 7.60 0.22 -0.95

100657.73+621133.1 0.351 44.31 2.16 8.03 0.46 -0.87

100701.56+052315.4 0.540 44.62 2.12 7.69 0.30 -0.22

100723.15+014546.8 0.355 43.70 2.28 7.16 -0.88 -0.60

100818.19+454438.4 0.332 44.26 2.20 8.18 0.47 -1.06

100819.88+454005.0 0.338 44.07 2.25 7.62 -0.30 -0.70

100837.33+461329.2 0.503 44.40 1.95 7.81 1.09 -0.56

100855.13+025911.6 0.515 44.33 2.20 8.54 0.82 -1.35

100921.55+035814.6 0.394 43.94 2.18 7.10 -0.52 -0.31
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100929.40+020923.1 0.318 44.20 2.33 7.70 -0.56 -0.65

100940.58+022744.0 0.635 44.31 2.01 7.82 0.86 -0.66

101000.54+074235.5 0.479 44.51 2.43 8.22 -0.44 -0.85

101010.73+462000.5 0.256 43.76 2.30 7.22 -0.90 -0.60

101044.34+470753.0 0.386 44.21 2.38 7.45 -1.02 -0.38

101044.50+004331.3 0.178 44.49 2.23 8.57 0.73 -1.23

101051.81+052952.8 0.368 44.20 2.30 8.21 0.10 -1.16

101102.76+613938.0 0.234 44.06 2.14 7.75 0.26 -0.84

101155.98+012803.2 0.344 43.90 2.13 7.66 0.21 -0.91

101209.81+612047.6 0.421 43.78 2.18 7.32 -0.33 -0.69

101250.20+030922.3 0.308 44.16 2.12 7.43 0.03 -0.42

101312.15+020416.4 0.221 44.37 2.19 7.97 0.28 -0.74

101317.98+050034.0 0.266 44.27 2.27 8.12 0.10 -1.00

101331.58+052620.0 0.423 44.61 2.15 8.20 0.69 -0.74

101331.59+551737.9 0.395 44.46 2.22 8.44 0.63 -1.12

101422.61+565452.3 0.569 44.71 2.27 8.26 0.26 -0.69

101435.77+050024.3 0.558 44.63 2.22 8.18 0.37 -0.69

101437.45+440639.1 0.200 44.12 2.11 7.47 0.12 -0.49

101502.24+023128.1 0.219 43.96 2.13 7.82 0.37 -1.01

101506.80+485301.0 0.537 44.85 2.29 8.66 0.56 -0.96

101507.50+572856.1 0.435 44.46 2.14 8.06 0.58 -0.74

101526.89+035017.4 0.683 44.72 2.08 8.03 0.81 -0.45

101527.25+625911.5 0.351 44.20 2.23 8.26 0.41 -1.21

101541.14+594445.2 0.527 44.64 2.01 8.35 1.38 -0.86

101542.01+020224.5 0.327 44.25 2.22 8.36 0.54 -1.26

101726.31−000951.2 0.346 44.31 2.32 8.40 0.22 -1.24

101734.30+430043.9 0.634 44.72 2.42 8.41 -0.18 -0.84

101811.10+030043.5 0.541 44.36 2.25 8.04 0.10 -0.83

101911.33+015354.6 0.189 43.89 2.21 8.13 0.37 -1.38

101953.73+451922.6 0.433 44.51 2.20 8.52 0.78 -1.15

102000.22+545441.1 0.350 43.99 2.23 7.45 -0.39 -0.60

102002.52+050449.1 0.421 44.67 2.23 8.67 0.84 -1.14

102006.49+564535.5 0.126 43.48 1.87 7.64 1.23 -1.30

102052.88+620022.0 0.134 43.54 2.06 7.30 0.14 -0.91

102134.89+600939.4 0.277 44.05 2.44 7.77 -0.91 -0.86

102138.42+481509.6 0.233 43.64 2.12 7.39 0.00 -0.89

102152.34+464515.7 0.204 44.06 2.34 8.12 -0.17 -1.21

102218.35+093044.1 0.311 43.96 2.09 7.73 0.46 -0.92

102311.10+470617.0 0.222 43.97 2.51 7.82 -1.17 -0.99
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102424.60+571510.9 0.201 44.13 2.24 7.68 -0.19 -0.70

102502.74+003126.7 0.363 44.17 2.32 7.84 -0.37 -0.82

102534.65+033041.5 0.635 44.61 2.23 8.07 0.22 -0.60

102606.73−005038.9 0.283 43.76 1.92 7.38 0.78 -0.76

102613.91+523751.2 0.259 44.28 2.09 7.84 0.56 -0.70

102652.95+550909.2 0.117 43.38 2.17 8.02 0.41 -1.79

102700.24−010424.8 0.344 44.40 2.21 7.64 -0.12 -0.39

102701.04+642837.1 0.616 44.60 2.24 8.11 0.22 -0.66

102707.44+602633.5 0.370 44.15 2.34 8.31 0.02 -1.30

102733.34+470828.6 0.362 44.49 2.00 7.76 0.86 -0.42

102734.61+073513.9 0.634 45.13 2.08 8.72 1.49 -0.74

102745.39+020328.1 0.745 45.01 2.24 7.96 0.09 -0.09

102745.84+051558.9 0.316 44.46 2.05 7.50 0.36 -0.18

102750.58+073315.6 0.587 45.11 2.36 8.73 0.36 -0.76

102820.75+022613.1 0.435 44.57 2.18 7.57 -0.07 -0.15

102834.65+014310.6 0.706 44.77 2.37 8.23 -0.17 -0.60

102906.68+555625.2 0.451 44.26 2.22 7.43 -0.38 -0.31

102914.86+572353.7 0.189 44.05 2.34 7.67 -0.63 -0.76

102920.70−004747.6 0.259 44.09 2.33 7.90 -0.36 -0.95

102923.02+650300.0 0.202 43.83 2.26 8.07 0.12 -1.38

102941.02+030802.2 0.529 44.58 2.40 8.58 0.07 -1.14

102950.99+614642.7 0.117 43.40 2.19 7.51 -0.17 -1.25

103024.95+551622.7 0.435 45.16 2.14 7.94 0.47 0.07

103042.33+082408.5 0.479 44.51 2.29 7.98 -0.11 -0.62

103043.97+552101.7 0.466 44.42 2.21 8.38 0.60 -1.10

103044.36+564318.4 0.360 44.09 2.28 7.97 -0.06 -1.03

103056.71+511902.5 0.290 44.24 2.18 8.04 0.40 -0.94

103110.08+633245.9 0.428 44.38 2.27 7.35 -0.66 -0.12

103140.53+610706.6 0.714 44.75 2.28 7.98 -0.06 -0.38

103216.14+505119.6 0.173 44.01 2.15 7.94 0.41 -1.08

103235.91+612009.4 0.409 44.36 2.27 7.97 -0.03 -0.75

103242.50+020229.3 0.538 44.64 2.01 8.14 1.20 -0.65

103312.24+022705.6 0.376 44.07 2.08 7.65 0.40 -0.72

103352.23+521139.2 0.507 44.82 2.34 7.80 -0.49 -0.13

103400.77+503903.2 0.389 44.12 2.42 7.77 -0.83 -0.79

103415.43+620818.4 0.379 43.98 2.36 7.60 -0.76 -0.77

103418.01+083626.7 0.633 44.90 2.19 8.92 1.26 -1.17

103421.70+605318.1 0.228 44.27 2.25 8.04 0.12 -0.92

103424.64+055917.3 0.241 44.18 2.13 7.26 -0.17 -0.22
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103458.35+055231.8 0.300 44.02 2.18 7.88 0.23 -1.00

103502.44+073843.1 0.553 44.90 2.25 8.70 0.77 -0.95

103506.09+060141.6 0.245 44.11 2.14 7.55 0.08 -0.59

103527.02+570316.2 0.439 44.21 2.28 7.90 -0.14 -0.83

103615.67+031916.7 0.390 44.43 2.34 7.44 -0.86 -0.16

103625.70+004129.3 0.655 44.99 2.39 8.26 -0.24 -0.42

103638.67+025002.2 0.412 44.58 2.25 8.41 0.47 -0.98

103645.76+641306.9 0.218 43.78 2.23 7.70 -0.14 -1.07

103700.02+634525.4 0.151 43.38 2.10 7.07 -0.24 -0.84

103712.55+015443.9 0.383 44.23 2.25 7.77 -0.14 -0.68

103745.30+480858.7 0.130 43.60 2.09 7.88 0.61 -1.43

103753.15+573507.8 0.399 44.10 1.99 7.23 0.36 -0.28

103817.81+001844.2 0.257 44.05 2.25 7.88 -0.07 -0.97

103828.20+044535.4 0.287 43.99 2.40 7.66 -0.87 -0.82

103831.63+455214.8 0.313 44.08 2.09 8.28 1.00 -1.34

103842.02+043308.6 0.424 44.16 2.15 8.27 0.73 -1.26

104009.33+560343.2 0.394 44.63 2.21 7.83 0.07 -0.35

104020.35+564006.2 0.440 44.40 2.17 8.04 0.43 -0.79

104027.82+031216.2 0.275 44.07 2.17 7.89 0.30 -0.97

104041.51+600239.3 0.298 44.39 2.18 7.51 -0.12 -0.26

104132.78−005057.4 0.303 44.23 2.34 8.70 0.40 -1.62

104145.99+024417.3 0.534 44.36 2.23 7.86 0.01 -0.65

104146.77+523328.2 0.678 45.52 2.20 8.65 0.94 -0.27

104324.16+640724.4 0.527 44.64 2.12 8.26 0.85 -0.77

104327.10+633052.1 0.645 44.53 2.03 8.03 0.99 -0.65

104331.50−010732.8 0.361 44.12 2.35 7.37 -0.97 -0.39

104404.38+654132.4 0.515 44.67 2.11 8.11 0.74 -0.59

104410.13+475455.6 0.482 44.73 2.27 7.62 -0.38 -0.03

104413.32−000324.7 0.280 44.12 2.17 7.45 -0.15 -0.48

104436.64+075710.2 0.512 44.80 2.24 8.28 0.40 -0.63

104437.87+034002.4 0.614 44.52 2.22 8.37 0.56 -1.00

104451.84+663744.2 0.324 44.17 2.29 7.69 -0.38 -0.66

104502.75+465655.7 0.483 44.58 2.32 8.08 -0.12 -0.65

104535.08+034123.1 0.354 44.00 2.10 7.52 0.18 -0.66

104620.50+051232.4 0.556 44.35 2.15 7.73 0.21 -0.52

104635.69+015204.6 0.103 43.47 2.16 7.97 0.41 -1.65

104635.86+014817.2 0.119 43.64 2.00 7.44 0.52 -0.94

104705.15+544405.9 0.215 44.07 2.13 7.53 0.09 -0.60

104819.18+661733.1 0.135 43.28 1.93 7.26 0.61 -1.12
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104916.83+624052.4 0.437 44.38 2.21 7.35 -0.41 -0.11

104923.03+500251.5 0.639 44.58 2.16 8.25 0.70 -0.82

104928.27+553927.1 0.314 44.29 2.39 7.81 -0.69 -0.67

104936.67+021155.7 0.419 44.33 2.16 8.18 0.62 -1.00

105006.41+012212.1 0.253 43.83 2.37 7.08 -1.33 -0.40

105029.29+622102.2 0.476 44.17 2.23 7.91 0.06 -0.88

105042.74+041740.8 0.227 43.75 2.17 7.92 0.31 -1.32

105055.14+552723.2 0.332 44.71 2.29 7.71 -0.39 -0.14

105110.31−000344.2 0.546 44.38 2.16 7.51 -0.03 -0.28

105122.29+020736.6 0.599 45.19 2.20 8.23 0.50 -0.18

105132.03+030939.9 0.222 43.89 2.21 7.90 0.15 -1.15

105137.26+484755.5 0.372 44.20 2.26 8.02 0.07 -0.97

105228.33−010448.0 0.436 44.23 2.18 7.99 0.35 -0.91

105232.74+612520.9 0.422 45.09 2.28 8.92 0.87 -0.98

105241.11+622425.1 0.333 44.06 2.28 7.86 -0.17 -0.95

105337.96+005958.7 0.477 44.43 2.11 8.24 0.87 -0.95

105434.22+060757.0 0.561 44.56 2.25 8.18 0.25 -0.77

105444.70+483139.0 0.287 45.00 2.35 8.51 0.20 -0.65

105534.64+012849.9 0.322 44.18 2.21 8.33 0.56 -1.30

105601.20+660738.5 0.382 44.20 2.28 8.55 0.49 -1.50

105609.80+551604.1 0.257 44.12 2.18 7.76 0.13 -0.78

105624.84+601557.1 0.200 43.96 2.18 8.38 0.75 -1.56

105706.95−004145.0 0.188 44.03 2.21 7.55 -0.20 -0.67

105751.61+481919.4 0.245 43.79 1.94 7.52 0.83 -0.88

105830.13+601600.3 0.149 44.13 2.34 7.42 -0.88 -0.43

105856.74+480805.5 0.592 45.11 2.25 8.61 0.69 -0.65

105932.52−004354.8 0.155 43.36 2.32 6.83 -1.36 -0.62

105959.93+574848.1 0.454 44.58 2.19 8.10 0.40 -0.67

110123.77+064850.6 0.325 44.02 2.17 8.18 0.56 -1.31

110142.18+031955.3 0.292 43.86 2.02 7.65 0.66 -0.93

110208.72+014112.2 0.396 44.36 2.10 7.87 0.56 -0.65

110235.46+021154.1 0.180 43.73 2.19 8.17 0.47 -1.59

110255.52+050113.9 0.248 43.74 2.15 7.40 -0.12 -0.81

110312.82+000012.5 0.276 43.92 2.29 7.06 -1.04 -0.29

110315.26+602623.0 0.319 44.03 2.33 7.91 -0.35 -1.03

110334.02+620409.1 0.470 43.86 2.03 7.10 0.05 -0.39

110339.32−003113.2 0.435 44.19 2.22 7.92 0.11 -0.88

110339.72+080623.3 0.177 43.61 2.38 7.69 -0.77 -1.23

110403.02+024947.0 0.368 44.15 2.12 8.36 0.96 -1.36
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110430.34−003313.2 0.458 44.36 2.15 7.92 0.38 -0.70

110501.26+562724.5 0.239 43.86 2.06 8.36 1.19 -1.65

110505.90+612836.4 0.496 44.49 2.45 7.65 -1.08 -0.30

110509.21+474718.6 0.449 44.28 2.09 8.26 0.99 -1.12

110522.54+510727.1 0.308 44.02 2.07 7.38 0.16 -0.51

110527.25+671636.3 0.320 44.47 2.28 8.26 0.20 -0.93

110533.26+622706.3 0.408 44.37 2.11 7.83 0.46 -0.60

110537.21+631847.6 0.218 43.93 2.14 7.44 -0.06 -0.66

110537.63+585120.7 0.192 44.36 2.35 8.36 0.05 -1.14

110538.99+020257.3 0.106 43.86 2.24 7.92 0.03 -1.21

110556.39+100641.4 0.343 44.07 2.18 7.66 0.01 -0.73

110612.08+670307.1 0.431 44.40 2.25 7.79 -0.12 -0.53

110659.12+041906.3 0.268 43.72 2.46 7.50 -1.26 -0.92

110717.77+080438.2 0.201 44.42 2.33 8.02 -0.22 -0.75

110726.39+572943.4 0.372 44.29 2.27 8.16 0.15 -1.02

110728.06+054901.3 0.293 44.13 2.32 7.98 -0.24 -1.00

110735.68+060758.6 0.380 44.16 2.38 7.51 -0.94 -0.50

110741.71+052616.1 0.612 44.80 2.24 8.37 0.48 -0.72

110836.32+095143.3 0.436 44.66 2.46 8.76 0.00 -1.25

110842.01+044328.9 0.767 45.27 2.15 8.99 1.45 -0.87

110850.75+014010.0 0.411 44.18 2.22 7.98 0.19 -0.95

110905.92+502923.6 0.126 43.48 1.96 7.61 0.85 -1.28

110913.60+044503.0 0.637 45.01 2.44 8.97 0.29 -1.11

110926.40+520607.2 0.477 44.54 2.26 8.27 0.30 -0.87

110949.56+655935.3 0.397 44.21 2.09 8.23 0.96 -1.16

111006.94+612521.3 0.263 44.14 2.40 7.49 -1.05 -0.50

111028.37+051042.4 0.458 44.47 2.23 7.92 0.09 -0.60

111051.47+032225.1 0.435 44.21 2.19 7.71 0.02 -0.65

111109.44+614037.1 0.481 44.30 2.36 7.53 -0.85 -0.38

111112.48+001747.5 0.546 44.75 2.36 8.04 -0.32 -0.44

111134.42+555942.1 0.241 43.66 2.09 7.52 0.24 -1.00

111138.17+021331.6 0.365 44.41 2.32 7.44 -0.78 -0.17

111138.65+575030.1 0.465 44.86 2.58 7.73 -1.51 -0.01

111149.47−002558.7 0.276 43.92 2.26 7.69 -0.26 -0.92

111245.16+625413.3 0.314 44.06 2.44 7.86 -0.83 -0.95

111324.04+044029.1 0.441 44.57 2.43 8.27 -0.36 -0.85

111338.85+640151.9 0.445 44.24 2.28 7.69 -0.36 -0.59

111340.46+555053.7 0.356 43.94 2.16 8.19 0.65 -1.40

111340.56+002933.0 0.559 44.53 2.01 7.87 0.92 -0.48
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111357.22+553858.4 0.464 44.37 2.17 8.09 0.49 -0.87

111412.44+044151.8 0.252 44.04 2.14 7.56 0.08 -0.66

111521.14+045834.2 0.559 44.68 2.12 8.09 0.68 -0.56

111607.85+521355.5 0.181 43.77 2.03 7.92 0.88 -1.30

111610.70+620139.2 0.267 43.81 1.98 7.03 0.20 -0.37

111613.04+563410.6 0.432 44.33 2.17 7.45 -0.14 -0.27

111622.73+634108.9 0.432 44.20 2.13 7.79 0.34 -0.74

111624.89−010219.5 0.446 44.24 2.02 8.20 1.21 -1.10

111709.57+044457.8 0.435 44.30 2.34 8.02 -0.28 -0.87

111756.85−000220.5 0.457 44.12 2.28 7.36 -0.68 -0.39

111757.92+640201.7 0.193 43.86 2.15 7.53 0.03 -0.82

111818.12+512910.0 0.287 44.05 2.33 7.58 -0.67 -0.68

111830.97+503956.4 0.208 43.88 2.10 7.93 0.63 -1.20

111845.93+102658.3 0.520 44.51 2.22 7.69 -0.11 -0.32

111909.79+634155.3 0.413 44.31 2.13 7.98 0.54 -0.82

111915.82+475055.1 0.163 43.98 2.47 8.12 -0.69 -1.28

111938.01+513315.5 0.108 43.75 2.32 8.26 0.06 -1.65

111938.09+673514.0 0.335 44.03 2.23 8.22 0.37 -1.34

112108.58+535121.1 0.103 44.25 2.25 7.51 -0.40 -0.40

112119.90+004308.0 0.547 44.88 2.17 8.46 0.86 -0.73

112328.11+052823.2 0.102 43.41 1.94 6.94 0.25 -0.68

112401.79−033312.4 0.246 43.98 2.33 7.49 -0.76 -0.66

112403.38+042829.0 0.151 43.86 2.04 7.60 0.52 -0.88

112417.79+602026.8 0.205 44.01 2.14 7.20 -0.27 -0.33

112445.40−024334.2 0.546 44.81 2.28 8.20 0.14 -0.53

112513.37+024918.8 0.377 44.22 2.25 8.32 0.39 -1.25

112531.41+010142.9 0.625 44.69 2.28 7.84 -0.22 -0.30

112643.80+031356.0 0.189 43.46 2.17 7.80 0.22 -1.49

112646.43−013417.9 0.341 44.36 2.26 8.22 0.25 -1.01

112723.04+654004.1 0.424 44.33 2.35 8.37 0.04 -1.18

112841.61+633551.2 0.125 43.89 2.03 8.05 1.03 -1.31

112859.85+020420.4 0.353 44.38 2.45 7.35 -1.37 -0.12

113001.89+494434.7 0.245 44.27 2.11 7.54 0.18 -0.42

113002.99+602628.4 0.374 44.03 2.36 7.73 -0.63 -0.85

113054.81+650558.4 0.402 44.36 2.28 7.85 -0.21 -0.64

113105.06+610405.1 0.337 44.55 2.50 7.82 -1.11 -0.42

113140.63−015118.3 0.434 44.45 2.39 7.95 -0.53 -0.65

113206.68+664737.8 0.529 44.27 2.24 7.40 -0.50 -0.27

113223.42+641958.4 0.210 44.16 2.27 7.47 -0.53 -0.45
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113235.86−012848.5 0.442 44.23 1.92 8.33 1.74 -1.25

113320.91+043255.1 0.248 44.13 2.03 7.56 0.54 -0.58

113326.34+032654.1 0.237 43.67 2.30 7.90 -0.23 -1.37

113327.78+032719.1 0.524 44.92 2.52 8.12 -0.89 -0.34

113422.48+041127.7 0.108 43.99 2.24 8.13 0.23 -1.28

113447.39+020639.7 0.387 44.08 2.42 7.49 -1.13 -0.56

113517.38+581258.6 0.275 44.25 1.98 8.82 1.98 -1.72

113526.10+585433.2 0.379 44.13 2.03 7.67 0.65 -0.68

113546.71+044348.7 0.438 44.28 2.33 7.55 -0.68 -0.41

113607.51−012313.7 0.267 43.77 2.06 7.04 -0.11 -0.41

113616.23+515103.9 0.643 44.73 2.40 7.91 -0.63 -0.32

113625.42+100523.2 0.555 45.07 1.96 7.75 0.98 0.18

113626.05+021144.2 0.138 43.68 2.18 7.45 -0.21 -0.92

113648.03+045141.1 0.285 44.15 2.25 7.36 -0.57 -0.36

113706.84+013947.9 0.193 44.44 2.32 8.46 0.26 -1.16

113801.84+490506.5 0.480 44.84 2.15 8.78 1.27 -1.08

113832.00+013426.8 0.383 44.54 2.30 8.46 0.33 -1.07

113842.84−031403.2 0.213 43.89 2.09 7.34 0.06 -0.59

113844.48+020403.3 0.548 44.41 2.14 8.25 0.76 -0.99

113849.30+051209.5 0.282 44.01 2.03 8.05 1.02 -1.19

113854.14+652109.7 0.413 44.57 2.39 8.39 -0.10 -0.96

113859.22+672616.9 0.314 43.96 2.18 7.74 0.08 -0.92

113900.50+591347.1 0.115 43.65 2.21 7.06 -0.71 -0.55

113906.90+525959.7 0.284 43.75 1.92 7.68 1.08 -1.08

113909.65−001608.6 0.136 43.60 1.99 7.68 0.82 -1.23

113936.62+035311.5 0.315 44.48 2.31 8.48 0.29 -1.14

114018.78+504713.9 0.368 44.19 2.25 7.74 -0.18 -0.70

114059.01+052622.8 0.359 44.39 2.20 8.06 0.34 -0.81

114121.75+014803.5 0.382 44.70 2.14 8.26 0.78 -0.70

114313.45+002937.6 0.642 45.03 2.28 8.42 0.38 -0.54

114319.62+021146.1 0.451 44.37 2.26 7.51 -0.47 -0.29

114350.63+024850.7 0.283 43.86 2.21 7.61 -0.17 -0.90

114407.29+021038.7 0.217 44.18 2.14 7.88 0.40 -0.85

114424.25+675210.2 0.610 44.62 2.41 7.42 -1.15 0.05

114446.27+681006.7 0.726 44.71 2.35 8.48 0.13 -0.92

114455.16+042020.6 0.127 43.64 2.30 7.41 -0.72 -0.92

114526.21−023444.7 0.445 44.52 2.34 7.61 -0.70 -0.24

114527.39+031738.6 0.351 44.26 2.15 8.00 0.48 -0.89

114559.00+040409.8 0.274 44.12 2.08 7.54 0.29 -0.57
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114722.65−032445.6 0.418 44.45 2.26 7.83 -0.14 -0.53

114740.54+035150.3 0.294 43.90 2.24 7.19 -0.70 -0.44

114744.11−014601.5 0.554 44.59 2.15 7.87 0.36 -0.42

114753.39+584652.4 0.340 43.82 2.09 7.37 0.10 -0.70

114807.22+594855.2 0.411 44.53 2.17 8.18 0.57 -0.80

114815.46+013840.1 0.269 43.98 2.16 7.27 -0.28 -0.44

114820.83+012634.2 0.338 44.59 2.34 8.50 0.23 -1.06

114840.00+510937.1 0.260 44.24 2.39 8.03 -0.44 -0.94

114913.92−014453.8 0.458 45.18 2.19 8.37 0.70 -0.34

114936.86+531516.8 0.190 43.85 2.33 7.01 -1.23 -0.31

114939.65+603616.6 0.399 44.34 2.29 7.78 -0.31 -0.59

115143.74+664503.2 0.419 44.09 2.13 7.80 0.36 -0.85

115205.96+521114.2 0.289 43.97 2.28 8.12 0.06 -1.30

115209.58+554859.9 0.301 44.00 2.16 8.24 0.69 -1.39

115211.18+000644.6 0.418 44.08 2.05 7.99 0.87 -1.05

115234.99−000542.7 0.129 43.71 1.89 7.78 1.30 -1.21

115255.23+610604.8 0.292 44.14 2.35 7.58 -0.76 -0.59

115317.94+020134.4 0.700 44.67 2.31 7.82 -0.32 -0.30

115338.52+643750.8 0.444 44.17 2.00 7.19 0.26 -0.17

115426.58+583153.4 0.704 45.44 2.25 9.06 1.15 -0.76

115456.38+613653.5 0.152 44.01 2.09 7.54 0.26 -0.67

115514.63+563308.9 0.731 45.00 2.34 8.49 0.20 -0.63

115529.34+012933.2 0.241 43.80 2.15 7.78 0.24 -1.12

115534.41+032411.0 0.538 44.45 2.04 7.96 0.88 -0.66

115538.74+534055.0 0.214 44.00 2.13 7.87 0.41 -1.02

115558.36+051637.5 0.150 43.78 2.03 7.48 0.42 -0.85

115558.96+593129.3 0.240 44.35 2.51 7.82 -1.14 -0.61

115606.78+051402.1 0.347 43.93 1.99 7.08 0.22 -0.29

115644.12+614741.5 0.226 44.09 2.47 8.16 -0.64 -1.21

115700.15−031225.6 0.437 44.36 2.34 7.61 -0.67 -0.39

115705.83+560749.4 0.654 44.82 2.02 8.43 1.43 -0.75

115753.20−031537.1 0.214 44.18 2.69 7.28 -2.41 -0.24

115755.46+001703.9 0.261 43.90 2.40 7.25 -1.29 -0.50

115848.58+021630.1 0.290 44.17 2.15 8.16 0.63 -1.13

115905.80+024802.6 0.169 43.64 1.84 6.96 0.68 -0.46

115906.79+530643.3 0.482 44.97 2.35 8.21 -0.11 -0.39

115919.13+041816.6 0.311 43.94 2.12 7.59 0.17 -0.80

115932.83+494705.6 0.708 45.03 2.44 8.84 0.14 -0.96

120014.08−004638.7 0.179 43.92 2.22 7.38 -0.41 -0.61
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120022.97+044651.7 0.274 43.99 2.14 8.24 0.76 -1.40

120031.64+624337.2 0.235 43.94 2.21 7.87 0.11 -1.07

120135.79+034653.9 0.347 44.03 2.28 8.16 0.12 -1.27

120233.08+022559.7 0.274 44.44 2.20 8.42 0.68 -1.13

120238.08+035750.5 0.323 44.49 2.15 7.41 -0.10 -0.07

120315.68+660121.8 0.586 44.44 1.97 8.44 1.66 -1.15

120321.10−003720.5 0.722 45.14 2.08 8.56 1.33 -0.57

120329.63+045638.1 0.585 44.84 2.35 8.22 -0.11 -0.53

120340.44+503248.9 0.413 44.15 2.43 7.29 -1.36 -0.29

120347.69+520749.7 0.178 44.72 2.23 8.64 0.80 -1.07

120354.69−022341.6 0.480 44.35 2.16 7.86 0.31 -0.66

120452.89−032625.9 0.297 44.26 2.29 8.27 0.17 -1.15

120512.55−030502.2 0.309 44.02 2.23 7.50 -0.34 -0.63

120524.10+532235.7 0.241 43.79 2.28 7.57 -0.46 -0.93

120548.15+584814.4 0.277 44.18 2.29 7.23 -0.86 -0.20

120619.01−003959.5 0.675 44.74 2.12 8.04 0.63 -0.44

120625.92+613000.3 0.313 43.99 2.38 7.09 -1.37 -0.25

120707.79−000458.9 0.679 45.00 2.14 8.16 0.67 -0.30

120723.83+653859.7 0.409 44.31 2.54 7.25 -1.83 -0.09

120727.25+020829.3 0.423 44.15 2.29 8.21 0.12 -1.21

120822.44+524013.5 0.433 44.88 2.15 8.52 1.00 -0.78

120841.80+025540.8 0.380 44.10 1.95 7.19 0.48 -0.24

120944.81+023212.6 0.239 44.23 2.16 7.82 0.28 -0.74

121018.34+015405.9 0.216 44.41 2.19 8.31 0.63 -1.05

121142.58+010337.1 0.294 44.12 2.19 8.37 0.67 -1.40

121220.42+624449.3 0.376 44.13 2.19 7.31 -0.38 -0.33

121307.82+033425.1 0.443 44.23 2.28 8.18 0.15 -1.09

121340.92−003448.8 0.254 43.83 2.16 7.68 0.12 -1.00

121435.58−023243.0 0.268 43.81 2.21 8.01 0.24 -1.34

121449.63+502204.7 0.464 44.45 2.43 8.43 -0.20 -1.12

121518.30+045710.0 0.509 44.29 2.31 8.11 -0.08 -0.96

121549.91+670621.7 0.264 44.15 2.21 7.75 -0.04 -0.75

121601.74−010226.5 0.402 44.20 2.25 7.93 0.00 -0.88

121604.84+045741.9 0.500 44.38 2.09 8.57 1.29 -1.34

121626.35+533737.0 0.585 44.74 1.99 8.04 1.15 -0.45

121649.85+015248.5 0.467 44.28 2.07 8.17 0.97 -1.03

121722.76+614628.3 0.212 43.97 2.27 8.33 0.34 -1.51

121724.15+001225.9 0.273 43.94 2.04 8.04 0.96 -1.24

121740.80+493118.0 0.732 45.42 2.21 9.08 1.31 -0.81
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121747.38−015048.6 0.653 44.85 2.21 8.66 0.91 -0.96

121753.02+050030.9 0.633 44.73 2.09 8.56 1.28 -0.98

121805.57−021503.7 0.372 44.37 2.36 8.15 -0.23 -0.92

121813.15+573911.4 0.619 44.35 2.36 8.01 -0.35 -0.81

121838.97−010134.3 0.258 43.87 2.15 7.50 -0.02 -0.78

121855.80+020002.1 0.328 44.64 2.28 8.90 0.84 -1.41

121859.99+594019.7 0.250 43.85 2.25 7.30 -0.63 -0.60

121931.98+614132.4 0.371 44.29 2.07 7.51 0.30 -0.37

121955.47+633745.8 0.134 43.54 2.17 7.49 -0.11 -1.10

122004.37−002539.0 0.422 44.48 2.19 8.31 0.62 -0.98

122007.38+022431.6 0.159 43.91 2.18 8.17 0.52 -1.40

122011.88+020342.2 0.241 44.97 2.20 8.48 0.77 -0.65

122025.01+612640.5 0.595 44.58 2.27 8.31 0.30 -0.88

122154.18+501552.9 0.265 43.95 2.06 7.44 0.28 -0.63

122236.99+642205.6 0.672 44.53 2.08 7.80 0.56 -0.42

122325.49+524600.7 0.345 44.09 2.19 8.18 0.48 -1.24

122345.68−020501.9 0.542 44.49 2.16 7.72 0.16 -0.38

122515.31−022237.2 0.436 44.28 2.15 8.36 0.83 -1.23

122517.84+461126.8 0.431 44.39 2.35 7.78 -0.53 -0.54

122534.79−024757.1 0.196 44.24 2.24 7.60 -0.29 -0.51

122610.59+093539.0 0.628 44.46 2.18 8.37 0.73 -1.06

122624.42+014020.7 0.220 43.82 2.22 7.34 -0.48 -0.66

122629.55+672413.2 0.530 44.53 1.96 7.81 1.04 -0.43

122634.69+034050.9 0.411 44.43 2.26 7.70 -0.24 -0.42

122641.42−002005.0 0.354 44.11 2.18 7.97 0.34 -1.00

122717.27+550415.2 0.323 44.03 2.14 7.91 0.44 -1.02

122727.47−012158.2 0.457 44.17 2.30 7.48 -0.64 -0.46

122801.33+623948.0 0.272 43.95 2.14 7.41 -0.08 -0.61

122806.90+670844.1 0.444 45.08 2.17 8.42 0.81 -0.48

122811.89+514622.7 0.321 44.17 2.34 8.01 -0.28 -0.99

122835.53+510935.6 0.669 44.85 2.28 8.68 0.64 -0.97

122920.88+494949.2 0.433 44.20 2.23 7.65 -0.19 -0.59

122950.08+033444.8 0.329 44.35 2.25 7.59 -0.35 -0.38

122950.62+024652.7 0.336 44.13 2.12 7.46 0.06 -0.47

123046.35+650607.0 0.478 44.87 2.32 8.21 -0.01 -0.49

123110.54+493911.4 0.439 44.20 2.03 8.07 1.03 -1.01

123125.64+502212.8 0.262 43.96 2.31 8.07 -0.10 -1.26

123128.59+013524.0 0.526 44.34 2.20 7.52 -0.22 -0.33

123209.68+005015.4 0.477 44.55 2.29 8.39 0.33 -0.99
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123221.53+533931.9 0.638 44.58 2.26 8.47 0.50 -1.03

123341.81+644317.4 0.223 44.26 2.34 8.45 0.17 -1.33

123452.49−015955.6 0.328 43.99 2.05 7.21 0.07 -0.36

123514.64+034108.1 0.793 44.87 1.89 7.84 1.39 -0.12

123529.63+524248.6 0.521 44.46 2.20 8.16 0.45 -0.85

123600.31+093021.0 0.305 43.90 2.15 8.07 0.56 -1.31

123622.15+603020.5 0.423 44.65 2.27 8.16 0.15 -0.65

123629.94+101734.1 0.517 44.40 2.19 8.09 0.43 -0.84

123658.17+050525.1 0.541 44.60 1.99 7.89 0.99 -0.44

123816.86+022338.9 0.651 44.82 2.21 8.17 0.40 -0.50

124219.16+023118.3 0.480 44.26 2.22 8.18 0.37 -1.07

124323.82+051446.3 0.165 44.12 2.59 7.90 -1.40 -0.92

124417.56−005236.3 0.172 43.56 1.86 7.42 1.06 -1.01

124456.24−013933.8 0.492 44.90 2.29 8.59 0.50 -0.84

124519.73−005230.4 0.221 43.60 2.14 7.05 -0.44 -0.59

124551.03+032128.3 0.227 44.36 2.20 8.59 0.85 -1.38

124648.82+044336.3 0.352 44.45 2.25 7.86 -0.08 -0.55

124715.45+622852.6 0.102 43.58 2.28 7.50 -0.56 -1.06

124931.72+523039.2 0.162 44.42 2.20 7.82 0.11 -0.55

124938.57+030206.7 0.366 44.35 2.21 7.33 -0.44 -0.13

124944.39+655753.8 0.718 44.86 2.34 8.62 0.34 -0.91

125020.86+631538.8 0.564 44.70 2.20 7.83 0.12 -0.28

125029.25+025747.9 0.611 44.82 2.08 8.49 1.26 -0.81

125051.04+060909.9 0.182 44.11 2.48 7.51 -1.35 -0.55

125100.44+660326.7 0.283 44.77 2.00 7.52 0.59 0.11

125148.29−002106.5 0.408 44.20 2.11 7.65 0.28 -0.60

125223.78+645137.9 0.312 44.29 2.24 8.10 0.21 -0.96

125248.49+015236.3 0.288 43.80 2.18 7.49 -0.14 -0.84

125258.71+591832.6 0.124 43.73 2.23 7.94 0.10 -1.35

125309.48+601657.6 0.421 44.60 2.30 7.77 -0.36 -0.32

125439.39+021100.6 0.405 44.17 2.37 8.00 -0.41 -0.97

125519.69+014412.2 0.343 45.23 2.22 8.71 0.90 -0.63

125607.86+000207.7 0.652 44.77 2.04 8.21 1.11 -0.58

125631.89−023130.6 0.562 44.66 2.45 8.42 -0.32 -0.91

125644.49−031446.2 0.318 44.27 2.28 8.42 0.36 -1.29

125704.82+653627.8 0.344 43.95 2.34 7.82 -0.47 -1.01

125706.46+015039.2 0.422 44.61 2.32 8.60 0.39 -1.13

125742.46+624220.8 0.366 44.01 2.06 7.22 0.07 -0.36

130002.91−010601.7 0.308 44.42 1.98 8.27 1.42 -1.00
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130017.73+612905.8 0.499 44.47 2.10 8.33 1.00 -1.01

130018.06−005424.8 0.169 43.64 2.16 7.63 0.07 -1.14

130027.69+054529.1 0.321 43.94 2.13 8.07 0.64 -1.27

130044.69+603859.6 0.243 43.74 2.07 7.43 0.22 -0.84

130055.05+672504.5 0.256 43.94 2.16 7.83 0.26 -1.04

130059.20+004504.6 0.372 44.32 2.12 7.91 0.51 -0.74

130123.46+501830.0 0.387 44.31 2.05 8.52 1.42 -1.35

130134.10+035615.4 0.352 44.36 2.26 8.28 0.32 -1.07

130239.56+002416.6 0.375 43.89 2.28 7.79 -0.27 -1.04

130350.03+484846.8 0.603 44.61 2.09 8.45 1.19 -0.99

130429.66+012455.8 0.536 44.67 2.26 8.27 0.31 -0.74

130433.03+031759.4 0.186 43.91 2.18 7.52 -0.13 -0.76

130501.39+604204.8 0.382 44.25 2.23 8.36 0.53 -1.25

130554.16+014929.9 0.734 45.27 2.27 8.79 0.80 -0.67

130655.33+002911.1 0.261 43.88 2.29 7.94 -0.13 -1.21

130707.70−002542.8 0.450 44.28 2.36 7.26 -1.11 -0.12

130713.25−003601.6 0.170 43.82 2.18 7.41 -0.23 -0.73

130725.69−004525.7 0.490 44.46 2.50 7.72 -1.22 -0.41

130727.32+523953.9 0.466 44.44 1.98 8.01 1.15 -0.71

130734.18+664525.0 0.311 44.27 2.15 8.11 0.60 -0.99

130745.54−025901.4 0.307 44.30 2.09 7.78 0.50 -0.62

130752.66+602548.6 0.255 44.24 2.22 8.38 0.58 -1.29

130756.57+010709.6 0.276 44.55 2.46 8.42 -0.36 -1.02

130822.59+011535.7 0.511 44.64 2.15 8.09 0.56 -0.59

130832.10+034403.9 0.619 45.07 2.35 8.49 0.18 -0.57

130845.69−013053.9 0.112 43.33 2.10 6.84 -0.46 -0.66

130859.10+594441.0 0.348 44.07 2.14 7.90 0.41 -0.97

130928.92+040146.8 0.653 44.56 2.39 8.26 -0.20 -0.85

131004.91+525918.2 0.455 44.54 2.24 7.94 0.05 -0.54

131009.65+581124.7 0.324 43.85 2.20 7.80 0.09 -1.10

131127.50+022746.2 0.178 43.80 2.08 7.52 0.27 -0.87

131129.96+621510.7 0.133 43.64 2.23 7.32 -0.52 -0.82

131156.19+602022.0 0.283 44.24 2.17 8.03 0.44 -0.94

131200.49+031731.6 0.393 44.33 2.16 7.42 -0.16 -0.23

131310.40−025115.3 0.395 44.45 2.21 8.45 0.69 -1.15

131407.92+015307.3 0.723 44.71 2.36 8.10 -0.26 -0.54

131408.19+545803.7 0.345 44.26 2.18 8.32 0.67 -1.20

131414.35+614836.1 0.429 44.52 2.18 7.95 0.32 -0.58

131423.45+610336.9 0.674 44.48 2.34 7.79 -0.51 -0.45
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131428.08+054307.2 0.164 43.74 2.24 7.49 -0.40 -0.89

131459.73+003103.5 0.509 44.46 2.50 7.52 -1.40 -0.21

131537.76+604506.2 0.252 43.96 2.24 8.09 0.20 -1.28

131550.18−024357.3 0.706 44.67 2.07 8.12 0.94 -0.60

131555.10+600021.4 0.416 44.34 2.16 7.56 -0.01 -0.36

131658.76+572341.6 0.716 44.71 2.01 8.53 1.58 -0.96

131801.75+013421.5 0.538 44.75 2.15 8.38 0.84 -0.78

131843.86+004732.1 0.394 44.40 2.31 8.27 0.12 -1.01

131942.85−004611.2 0.202 43.63 2.17 7.41 -0.18 -0.93

131945.96+053002.8 0.398 44.07 2.25 7.39 -0.52 -0.47

131949.78+574121.5 0.427 44.05 2.13 8.15 0.70 -1.24

131951.49+491927.4 0.314 44.05 2.04 8.16 1.09 -1.26

132036.04+565842.6 0.313 44.23 2.25 8.45 0.54 -1.37

132048.02+601946.4 0.310 44.29 2.37 8.01 -0.40 -0.87

132048.39+030240.4 0.297 44.43 2.26 7.96 -0.03 -0.67

132103.95−025026.4 0.458 44.38 2.30 8.14 0.01 -0.91

132123.40+045930.7 0.243 44.44 2.20 8.15 0.44 -0.85

132144.97+033055.7 0.269 44.76 2.30 8.35 0.21 -0.73

132208.91+674746.5 0.486 44.46 2.59 7.77 -1.51 -0.46

132217.08+032344.2 0.351 44.06 2.21 7.90 0.13 -0.99

132223.62+594807.2 0.355 44.23 2.29 7.66 -0.44 -0.58

132233.80+623511.3 0.403 44.19 1.99 7.27 0.39 -0.23

132244.24+665052.8 0.338 44.02 2.09 7.78 0.49 -0.90

132320.94−015126.2 0.647 44.56 2.04 8.41 1.33 -1.00

132352.75−020101.7 0.224 44.06 2.16 7.22 -0.34 -0.31

132447.65+032432.6 0.305 44.66 2.51 8.03 -0.93 -0.52

132502.61+650415.4 0.582 45.09 2.31 8.72 0.54 -0.78

132515.57+050156.4 0.351 43.95 2.13 8.23 0.76 -1.42

132518.25+055255.8 0.423 44.24 2.21 7.63 -0.12 -0.54

132532.21+540100.4 0.524 44.38 2.21 7.79 0.03 -0.56

132623.28+624200.3 0.300 44.10 2.28 7.91 -0.13 -0.96

132705.88−012415.5 0.168 43.78 2.08 7.15 -0.08 -0.52

132739.19+595154.1 0.327 44.05 2.21 7.72 -0.03 -0.82

132748.59+653405.8 0.525 44.83 2.48 7.85 -0.99 -0.16

132756.17+043328.9 0.420 44.19 2.27 7.84 -0.19 -0.79

132806.79+035535.9 0.613 44.52 1.99 7.74 0.87 -0.37

132845.79+592526.4 0.387 44.19 2.09 7.92 0.62 -0.88

132850.44+651808.7 0.305 44.24 2.21 7.73 -0.05 -0.63

132936.30+630025.5 0.220 43.97 2.27 7.47 -0.55 -0.64
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132950.71−033117.7 0.599 44.80 2.00 8.57 1.66 -0.91

133003.96+532318.5 0.372 43.86 2.23 7.88 0.03 -1.16

133151.96−024919.1 0.264 43.93 2.15 7.88 0.36 -1.10

133208.51+561818.9 0.377 44.15 2.37 7.86 -0.55 -0.86

133231.17+035928.0 0.345 44.48 2.15 7.52 0.00 -0.18

133238.49+030505.7 0.501 44.46 2.13 8.19 0.73 -0.88

133302.20+584016.6 0.592 44.86 2.26 8.33 0.36 -0.62

133313.80+580455.0 0.454 44.49 2.39 8.26 -0.25 -0.91

133420.82−014447.2 0.556 44.72 2.31 8.07 -0.09 -0.50

133435.38+575015.6 0.124 43.98 2.03 7.57 0.55 -0.74

133455.24+612042.1 0.496 44.38 2.26 7.85 -0.12 -0.61

133514.62−032912.3 0.607 44.61 2.04 7.77 0.69 -0.30

133548.98−020202.8 0.212 43.89 2.38 7.70 -0.77 -0.96

133628.19−003327.4 0.384 44.36 2.23 8.32 0.45 -1.10

133635.25−002106.4 0.272 43.92 2.20 7.49 -0.22 -0.71

133649.10−002057.3 0.296 44.14 2.20 8.53 0.83 -1.54

133719.30+594905.5 0.659 45.11 2.33 8.42 0.17 -0.46

133726.48+005828.5 0.331 44.34 2.34 8.13 -0.16 -0.94

133731.27+424516.1 0.553 44.96 2.36 8.12 -0.24 -0.31

134148.87−025801.3 0.232 43.45 2.14 6.97 -0.50 -0.67

134223.83+575747.6 0.419 44.60 2.14 7.94 0.44 -0.49

134303.90+633301.2 0.468 44.35 2.12 8.13 0.72 -0.93

134311.18+013922.1 0.482 44.26 2.07 7.65 0.44 -0.54

134313.40+654110.4 0.241 43.89 2.24 7.34 -0.56 -0.60

134313.80+025916.1 0.508 44.31 2.16 7.51 -0.03 -0.35

134322.24+415646.1 0.299 44.12 2.24 7.90 0.03 -0.92

134418.69+034649.3 0.326 44.17 2.46 8.00 -0.77 -0.98

134438.37+053711.4 0.397 44.18 2.06 8.10 0.93 -1.07

134445.29+023549.3 0.378 44.03 2.27 7.91 -0.09 -1.02

134459.44−001559.5 0.245 44.15 2.07 7.61 0.40 -0.61

134528.20+612238.4 0.442 43.98 2.12 7.78 0.39 -0.95

134537.80+633130.5 0.176 43.87 2.04 7.05 -0.05 -0.32

134617.54+622045.4 0.117 43.73 2.04 8.30 1.24 -1.72

134652.77−032901.0 0.482 44.46 2.13 7.40 -0.02 -0.09

134653.30+052410.9 0.450 44.58 2.11 8.36 0.99 -0.92

134751.70−001518.4 0.555 44.74 2.35 8.14 -0.18 -0.54

134804.09+603130.6 0.238 44.08 2.24 7.47 -0.42 -0.54

134812.36+052402.6 0.656 44.62 2.05 8.15 1.04 -0.68

134853.82+524007.3 0.431 44.14 2.13 7.96 0.53 -0.97
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134920.85−030209.3 0.437 44.43 2.36 7.96 -0.42 -0.68

134928.08+413858.9 0.502 44.24 2.44 8.32 -0.35 -1.23

134934.30−004102.9 0.516 44.86 2.32 8.48 0.27 -0.76

134947.74+045204.1 0.188 44.02 2.24 7.88 0.01 -1.01

134948.39−010621.8 0.600 45.60 2.27 8.23 0.22 0.23

135050.81−011820.0 0.360 44.45 2.11 7.70 0.36 -0.40

135054.58+052206.4 0.443 44.83 2.07 8.67 1.46 -0.99

135201.23−014813.0 0.694 44.81 1.98 8.31 1.46 -0.65

135204.95+053444.6 0.671 44.69 2.30 8.44 0.30 -0.89

135403.37+614155.3 0.403 44.12 2.19 7.19 -0.49 -0.22

135543.71+474026.7 0.465 44.20 2.33 7.90 -0.35 -0.84

135553.89+001137.6 0.460 44.24 1.91 7.44 0.87 -0.34

135628.50+045054.4 0.567 44.52 2.11 7.70 0.34 -0.32

135726.47+001542.4 0.662 44.81 2.07 8.15 0.96 -0.49

135753.71+591448.4 0.534 44.53 2.13 8.25 0.79 -0.86

135755.71+035924.9 0.608 44.78 2.37 8.30 -0.10 -0.67

135756.52+655902.9 0.197 43.80 1.95 6.99 0.28 -0.34

135807.53+042833.2 0.122 43.35 2.02 7.60 0.59 -1.39

135831.38+010339.2 0.408 44.54 2.37 8.50 0.10 -1.11

135836.03+470521.8 0.501 44.24 2.33 7.61 -0.64 -0.51

135848.74+633651.1 0.503 44.41 2.11 8.44 1.08 -1.18

135930.52+465728.9 0.644 44.69 2.12 8.66 1.25 -1.12

135933.05+554551.0 0.352 43.82 2.13 7.37 -0.05 -0.69

140002.40+030056.5 0.437 44.26 2.33 7.96 -0.30 -0.85

140016.01+423030.8 0.566 44.35 2.48 7.99 -0.87 -0.78

140019.25+612615.9 0.504 44.74 2.16 8.52 0.94 -0.93

140019.70+030345.9 0.320 43.90 2.19 7.80 0.12 -1.05

140127.69+025606.0 0.265 43.84 2.23 7.71 -0.14 -1.02

140136.63+041627.2 0.164 44.22 2.22 7.34 -0.46 -0.27

140256.62+050158.4 0.432 44.29 2.12 7.52 0.14 -0.37

140321.25+051507.1 0.441 44.34 2.28 7.99 -0.07 -0.80

140457.69+615328.4 0.269 44.16 2.26 7.75 -0.24 -0.73

140501.25+523318.6 0.438 44.42 2.19 7.64 -0.04 -0.37

140600.47+601245.6 0.309 44.25 2.25 8.06 0.16 -0.96

140614.86−012937.7 0.552 44.74 2.52 8.54 -0.48 -0.95

140643.39+630430.2 0.648 44.59 2.43 7.98 -0.65 -0.54

140731.85+512741.7 0.692 44.82 2.34 8.56 0.27 -0.88

140827.64+004815.3 0.443 44.24 2.19 7.77 0.09 -0.68

141057.70+643310.7 0.461 44.99 2.23 8.12 0.25 -0.27
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141119.71+652813.4 0.357 44.01 2.27 7.80 -0.21 -0.93

141215.94+571103.9 0.376 44.62 2.33 8.70 0.45 -1.23

141321.54+624517.8 0.336 44.19 2.22 7.44 -0.35 -0.40

141407.26+601812.5 0.623 44.44 2.18 8.12 0.50 -0.83

141441.71+593356.0 0.441 44.35 2.23 7.97 0.12 -0.77

141452.73+602602.8 0.739 44.78 2.13 7.76 0.31 -0.13

141456.54+602023.6 0.231 43.55 2.16 7.72 0.17 -1.32

141505.91+044546.1 0.242 43.98 2.25 7.90 0.00 -1.07

141644.37+012628.4 0.468 44.09 2.35 8.08 -0.23 -1.14

141700.81+445606.3 0.114 44.07 2.39 7.72 -0.77 -0.80

141709.34+025028.6 0.476 44.46 2.41 7.50 -1.05 -0.19

141753.69+650025.2 0.364 44.22 2.17 7.78 0.18 -0.70

141815.36+040523.2 0.356 44.30 1.98 8.18 1.34 -1.02

141820.99+020418.4 0.401 44.22 2.33 7.82 -0.44 -0.75

141834.80−023758.4 0.126 43.12 1.85 6.97 0.64 -1.00

141934.19+033153.0 0.191 43.79 2.10 7.97 0.66 -1.32

141942.46+591259.3 0.321 44.19 2.08 8.31 1.07 -1.27

141959.21+610143.6 0.221 43.70 2.17 7.40 -0.22 -0.85

142136.39+644024.5 0.208 43.46 2.06 7.53 0.39 -1.22

142227.78+632438.1 0.387 44.40 2.26 8.07 0.10 -0.81

142347.54+510140.5 0.311 43.97 2.22 8.14 0.33 -1.32

142347.59+651057.6 0.147 43.50 2.12 7.61 0.21 -1.25

142424.21+595300.4 0.135 44.36 2.20 8.47 0.73 -1.26

142443.21+452353.0 0.565 44.38 2.34 7.79 -0.52 -0.56

142453.67+440007.8 0.386 44.18 2.32 8.09 -0.13 -1.05

142545.90+002242.7 0.326 44.11 2.06 7.79 0.61 -0.83

142558.99+613533.0 0.581 44.42 2.42 7.89 -0.72 -0.61

142648.77+005323.2 0.220 44.17 2.20 8.11 0.39 -1.08

142743.49−000413.6 0.307 43.92 2.25 7.76 -0.16 -0.98

142800.19−001026.9 0.333 43.94 2.24 7.51 -0.37 -0.72

142827.37−011845.8 0.282 43.75 2.02 7.36 0.38 -0.76

142904.39+012229.7 0.421 44.23 2.22 8.17 0.36 -1.09

142940.74+032125.8 0.254 44.15 2.21 7.64 -0.13 -0.63

143039.30+493539.0 0.204 44.26 2.07 7.65 0.44 -0.53

143117.45+492630.1 0.255 44.10 2.15 7.59 0.06 -0.63

143122.17+023137.7 0.508 44.38 2.07 7.77 0.55 -0.54

143125.04+492801.6 0.556 44.31 2.14 7.81 0.32 -0.65

143131.41+502102.4 0.629 44.46 2.02 7.37 0.38 -0.05

143142.59+495706.1 0.442 44.22 2.34 7.78 -0.49 -0.71
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143145.99+030143.8 0.341 44.15 2.21 8.09 0.31 -1.08

143303.27+403105.1 0.446 44.34 2.15 8.13 0.61 -0.94

143407.19+452732.2 0.256 43.65 2.03 7.05 0.01 -0.54

143601.55+044807.7 0.195 43.89 2.25 7.25 -0.69 -0.50

143615.93−013247.4 0.528 44.37 2.21 7.63 -0.11 -0.41

143623.93+590929.8 0.642 44.69 2.28 7.66 -0.38 -0.12

143706.75+493900.8 0.519 44.60 2.28 8.53 0.50 -1.08

143736.40+615509.9 0.554 45.14 2.24 8.43 0.53 -0.44

143743.18−021015.0 0.739 44.80 2.07 8.07 0.88 -0.41

143754.42+044708.2 0.239 43.74 2.11 7.00 -0.36 -0.41

143832.40+024804.1 0.376 44.67 2.23 8.79 0.95 -1.26

143833.49−011413.7 0.571 44.90 2.26 8.53 0.55 -0.77

143930.90+395837.2 0.284 43.93 2.17 8.00 0.38 -1.21

143942.83+582759.2 0.426 44.50 2.20 8.32 0.61 -0.96

144016.56+600016.6 0.482 44.43 2.14 8.11 0.64 -0.82

144201.75+015703.7 0.140 43.62 2.14 7.63 0.15 -1.16

144341.84+002522.2 0.263 43.78 2.21 7.01 -0.74 -0.37

144357.09−015023.2 0.389 44.22 2.35 7.51 -0.81 -0.44

144525.84+380835.7 0.248 44.03 2.32 8.20 -0.03 -1.31

144541.74+584833.5 0.422 44.15 2.15 7.75 0.22 -0.75

144645.46+625304.0 0.351 44.43 2.23 8.20 0.37 -0.92

144733.28+030853.8 0.288 43.76 2.10 7.89 0.59 -1.28

144740.17+010541.9 0.343 44.25 2.08 7.82 0.58 -0.71

144747.02+005518.0 0.297 44.07 2.24 7.94 0.05 -1.01

144841.35+021233.2 0.212 43.98 2.26 8.00 0.06 -1.17

144852.78+035758.6 0.287 43.99 2.20 7.83 0.11 -0.98

144915.28+375521.8 0.547 44.39 2.22 7.56 -0.25 -0.31

144921.45+041652.9 0.449 44.18 2.15 7.98 0.47 -0.95

145006.93+581456.9 0.316 44.59 2.13 7.62 0.19 -0.18

145041.92+591936.8 0.202 43.80 2.20 7.08 -0.65 -0.42

145104.67+045327.8 0.620 44.40 2.06 8.00 0.82 -0.74

145151.38+574330.6 0.651 44.62 2.12 8.02 0.62 -0.54

145201.55+025335.2 0.434 44.12 2.05 7.33 0.22 -0.35

145221.62+002359.8 0.458 44.20 2.11 7.30 -0.07 -0.24

145313.36+551602.8 0.390 44.11 2.08 7.73 0.50 -0.77

145401.53+000822.7 0.704 44.71 2.13 8.16 0.73 -0.60

145426.81+564419.5 0.397 44.38 2.31 7.50 -0.67 -0.27

145433.44+611702.2 0.281 44.07 2.28 7.56 -0.51 -0.64

145442.43+003851.5 0.397 44.29 2.13 7.87 0.43 -0.72
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145513.50+032244.8 0.423 44.17 2.19 8.15 0.45 -1.13

145530.85+624032.5 0.436 44.39 2.28 8.08 0.04 -0.84

145538.73+002238.0 0.435 44.27 2.11 7.96 0.61 -0.84

145612.04+380425.3 0.532 44.59 2.22 8.51 0.71 -1.07

145631.65−001114.1 0.133 43.71 2.05 8.31 1.21 -1.74

145701.41+601025.1 0.286 43.87 2.37 8.21 -0.20 -1.49

145758.38+013715.1 0.452 44.23 2.31 8.08 -0.09 -0.99

145859.95−001504.3 0.481 44.50 2.28 8.32 0.27 -0.96

150114.04−014457.5 0.601 44.89 2.40 8.29 -0.24 -0.54

150222.60−023139.0 0.272 43.90 2.24 7.29 -0.58 -0.54

150247.26+602408.8 0.283 44.08 2.17 7.72 0.11 -0.78

150419.85−023514.7 0.564 44.75 2.30 8.60 0.48 -0.99

150455.56+564920.2 0.359 44.83 2.35 8.64 0.30 -0.96

150539.73+603422.3 0.494 44.55 2.25 8.36 0.44 -0.96

150543.86+554935.9 0.709 44.91 2.25 8.50 0.58 -0.74

150610.50+021649.9 0.135 44.23 2.22 7.87 0.05 -0.79

150626.44+030659.9 0.174 43.86 2.30 7.61 -0.53 -0.90

150629.23+003543.1 0.370 44.27 2.06 7.49 0.34 -0.36

150732.07+515043.2 0.283 44.02 2.22 8.12 0.33 -1.25

150756.88+032037.2 0.137 43.80 2.14 7.47 -0.02 -0.81

150922.98+040823.5 0.366 44.18 2.16 7.87 0.32 -0.84

150945.64+465757.9 0.292 44.02 2.58 7.98 -1.28 -1.11

151007.78+024631.3 0.312 44.10 2.20 7.72 0.01 -0.77

151017.45+595035.9 0.239 43.83 2.13 7.98 0.55 -1.30

151034.27+552313.4 0.288 43.89 2.11 7.62 0.24 -0.87

151046.20+011819.0 0.375 44.20 2.22 7.54 -0.25 -0.49

151104.00+031529.1 0.173 44.14 2.22 7.88 0.06 -0.88

151109.21+022218.7 0.632 44.81 2.11 8.67 1.29 -1.01

151136.18+575458.8 0.388 44.18 2.11 7.81 0.46 -0.78

151140.33+402721.6 0.559 45.13 2.21 8.71 0.93 -0.73

151153.27+561657.1 0.391 44.02 2.27 7.60 -0.42 -0.72

151240.78−012733.3 0.210 43.97 2.34 7.68 -0.59 -0.86

151304.35+021603.8 0.638 44.64 2.38 8.36 -0.08 -0.87

151304.49−005924.4 0.251 43.59 2.23 7.37 -0.49 -0.93

151312.40+001937.4 0.159 43.67 2.28 7.03 -1.02 -0.50

151518.28+551535.3 0.514 44.99 2.36 8.74 0.38 -0.89

151627.09+540514.8 0.195 43.82 2.23 7.43 -0.41 -0.75

151704.82+583024.3 0.601 44.86 2.25 8.46 0.52 -0.74

151834.55−010525.3 0.653 44.62 2.30 8.58 0.44 -1.11
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151956.57+001614.5 0.115 43.67 2.15 7.05 -0.47 -0.53

152000.44+040040.7 0.341 44.14 2.35 7.78 -0.55 -0.79

152005.89−003803.5 0.397 43.92 2.08 7.48 0.22 -0.71

152038.80+521822.6 0.324 44.05 2.32 8.27 0.08 -1.36

152046.47+543810.6 0.566 44.48 2.19 8.33 0.65 -0.99

152110.49+000304.5 0.466 44.43 2.22 8.17 0.38 -0.89

152139.66+033729.2 0.127 44.09 2.07 8.50 1.29 -1.55

152140.05+541359.7 0.356 43.71 2.07 7.43 0.22 -0.87

152153.80+594020.0 0.286 44.38 2.37 8.10 -0.30 -0.86

152203.76+001128.3 0.240 44.15 2.35 7.93 -0.38 -0.93

152224.45−010838.4 0.321 44.14 2.21 7.40 -0.37 -0.40

152322.17−014057.4 0.113 43.62 2.11 7.52 0.14 -1.04

152330.07+004334.1 0.240 43.91 2.08 7.79 0.53 -1.02

152427.70+395647.2 0.279 43.80 2.25 8.12 0.18 -1.47

152447.14+520759.0 0.161 43.47 2.00 7.05 0.12 -0.73

152459.73+033527.3 0.475 44.56 2.23 8.16 0.32 -0.74

152732.08+433401.4 0.156 43.95 1.94 8.32 1.66 -1.52

152736.98+571455.8 0.445 44.36 2.13 7.94 0.48 -0.73

152753.31−000520.9 0.509 44.59 2.27 8.52 0.51 -1.08

152800.33+344605.2 0.247 43.64 2.13 7.69 0.25 -1.20

152922.24+592854.5 0.369 44.04 2.03 8.21 1.16 -1.31

152954.32−001026.7 0.200 43.94 1.87 7.83 1.44 -1.03

153104.75+332144.4 0.455 44.45 2.25 8.26 0.32 -0.96

153151.73+434641.7 0.393 44.17 2.18 7.99 0.36 -0.97

153306.42+000635.1 0.590 44.99 2.23 8.54 0.69 -0.69

153311.13+335102.9 0.612 45.12 2.35 8.58 0.27 -0.60

153400.58+025615.9 0.430 44.82 2.40 8.23 -0.28 -0.55

153506.94+573544.6 0.488 44.11 2.07 7.62 0.41 -0.66

153515.60+025433.2 0.448 44.32 2.35 8.22 -0.12 -1.06

153529.12+532138.6 0.291 44.30 2.13 8.04 0.60 -0.89

153531.21+373520.3 0.435 44.70 2.51 8.59 -0.40 -1.03

153543.48+432446.8 0.259 44.11 2.15 8.57 1.05 -1.61

153549.46+460323.4 0.491 44.46 2.31 8.50 0.35 -1.19

153612.09+524154.5 0.561 45.26 2.57 8.31 -0.91 -0.19

153612.79+034245.7 0.365 44.58 2.17 8.53 0.94 -1.10

153641.65+543505.5 0.447 44.26 2.19 7.97 0.27 -0.86

153644.99+381558.7 0.616 44.67 2.24 8.08 0.18 -0.56

153651.28+541442.6 0.367 44.06 2.19 7.39 -0.28 -0.48

153715.33+023049.7 0.480 45.03 2.46 8.36 -0.40 -0.48
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153733.19−005537.6 0.542 44.97 2.35 7.89 -0.43 -0.07

153916.24+032322.0 0.359 44.03 2.19 7.95 0.29 -1.07

153941.36+540028.6 0.539 44.47 2.20 7.75 0.01 -0.43

154017.01+560000.0 0.763 45.31 2.12 8.26 0.88 -0.09

154025.09+000024.6 0.201 43.53 2.18 7.74 0.10 -1.35

154115.79−014208.6 0.570 45.19 2.11 8.09 0.73 -0.05

154234.31+540136.1 0.397 44.34 2.27 7.92 -0.07 -0.73

154234.84+574141.8 0.246 44.24 1.99 7.54 0.68 -0.45

154316.42+540526.0 0.246 44.16 2.41 7.60 -0.98 -0.59

154514.30+491240.2 0.291 43.84 2.13 7.46 0.00 -0.76

154536.61+491413.6 0.489 44.35 2.28 7.61 -0.43 -0.40

154706.38−000114.3 0.777 44.89 2.15 8.33 0.79 -0.59

154805.42+525355.7 0.288 43.92 2.05 7.75 0.63 -0.97

154833.76+474406.2 0.629 44.41 2.05 7.97 0.86 -0.71

154835.51+433309.3 0.517 44.43 2.16 8.26 0.69 -0.97

154852.42+031923.1 0.508 44.42 2.29 8.26 0.19 -0.99

154915.78+545113.3 0.415 44.12 2.15 7.48 -0.03 -0.50

154929.43+023701.1 0.415 44.93 2.26 8.37 0.39 -0.58

154943.07+534432.2 0.426 44.31 2.23 7.77 -0.09 -0.61

155003.13+521744.9 0.287 44.03 2.41 8.60 0.02 -1.71

155018.56+570758.0 0.356 44.02 2.24 7.59 -0.28 -0.72

155041.26+413925.0 0.142 43.67 1.94 7.37 0.67 -0.85

155047.02+420043.9 0.488 44.36 2.05 7.59 0.48 -0.38

155135.96+481926.7 0.507 44.34 2.23 7.94 0.08 -0.75

155207.17+525347.0 0.335 44.38 2.28 8.15 0.12 -0.92

155249.50+402802.6 0.768 45.21 2.29 8.30 0.21 -0.24

155324.25+490727.0 0.258 44.25 2.34 7.46 -0.84 -0.35

155427.26+404441.2 0.117 43.43 2.10 7.15 -0.17 -0.86

155620.23+521520.0 0.227 44.29 2.29 7.81 -0.27 -0.67

155637.99+540308.4 0.204 43.83 2.19 7.28 -0.42 -0.60

155708.39+025722.4 0.223 43.85 2.05 7.66 0.52 -0.95

155811.24+401113.1 0.298 44.37 2.15 8.14 0.61 -0.91

155913.93+395316.7 0.393 44.38 2.31 8.09 -0.09 -0.85

155936.13+544203.8 0.308 44.18 2.00 7.47 0.56 -0.44

160311.00+432929.0 0.493 44.26 2.38 8.31 -0.15 -1.19

160345.74+481458.3 0.393 44.11 2.24 8.31 0.42 -1.35

160345.98+264923.6 0.468 44.27 2.35 8.12 -0.19 -1.00

160421.72+474354.0 0.538 44.40 2.10 7.73 0.43 -0.48

160518.69+503247.3 0.522 44.38 2.22 7.80 0.01 -0.57
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160530.30+411359.2 0.405 44.08 2.25 8.32 0.39 -1.38

160545.92+532210.7 0.171 43.93 2.15 7.72 0.18 -0.93

160649.56+471752.0 0.659 44.84 2.17 8.25 0.65 -0.55

160655.34+534016.8 0.214 43.88 2.10 7.96 0.63 -1.22

160732.85+484620.0 0.146 43.90 2.65 7.73 -1.79 -0.97

160758.80+451639.3 0.354 43.90 2.35 7.33 -1.01 -0.57

160815.13+524451.6 0.299 43.76 2.03 7.96 0.91 -1.34

160851.49+371715.6 0.593 44.35 2.18 7.93 0.30 -0.74

161111.66+513131.1 0.355 44.01 2.10 7.73 0.39 -0.87

161112.62+460455.1 0.515 44.61 2.25 8.46 0.53 -0.99

161133.47+484810.9 0.285 44.06 2.41 8.35 -0.21 -1.43

161141.22+472242.8 0.304 43.97 2.02 7.85 0.86 -1.02

161141.95+495847.9 0.117 43.66 2.31 7.94 -0.21 -1.43

161144.27+482634.2 0.614 44.70 2.15 7.85 0.32 -0.29

161155.33+490135.5 0.463 44.33 2.19 7.91 0.21 -0.73

161215.05+452021.5 0.502 44.76 1.96 8.19 1.43 -0.57

161246.98+451248.1 0.584 45.06 2.39 8.83 0.36 -0.92

161355.09+454046.9 0.388 44.07 2.12 7.81 0.40 -0.89

161550.60+442104.0 0.440 44.32 2.10 7.47 0.13 -0.29

161651.82+385324.4 0.282 44.01 2.02 8.14 1.14 -1.28

161713.50+515618.8 0.199 43.52 2.13 7.06 -0.39 -0.69

161725.42+435843.4 0.308 44.28 2.38 7.65 -0.80 -0.51

161821.62+481841.6 0.530 44.53 2.37 8.16 -0.25 -0.78

161949.94+352008.3 0.504 44.38 2.34 8.03 -0.25 -0.80

162253.37+480358.1 0.193 43.57 2.09 7.18 -0.11 -0.76

162301.05+461929.7 0.486 44.37 2.14 7.61 0.12 -0.39

162308.01+430646.2 0.331 44.05 2.17 7.96 0.34 -1.06

162415.02+455130.1 0.481 44.32 2.24 8.21 0.33 -1.04

162458.41+423107.5 0.664 44.92 2.34 7.76 -0.53 0.01

162557.37+445339.6 0.355 44.11 2.22 7.69 -0.10 -0.73

162607.24+335915.2 0.205 44.73 2.32 7.92 -0.28 -0.34

162750.55+473623.5 0.263 44.59 2.35 7.73 -0.60 -0.29

162752.08+355952.2 0.507 44.28 2.21 8.18 0.43 -1.04

162853.89+412322.4 0.410 44.78 2.14 8.83 1.35 -1.19

162855.33+261749.6 0.423 44.23 2.05 7.84 0.74 -0.75

162920.28+424740.3 0.293 43.91 2.21 7.46 -0.32 -0.69

163004.08+325921.9 0.418 44.04 2.05 7.55 0.44 -0.66

163033.99+441200.5 0.492 44.31 2.15 7.94 0.40 -0.77

163051.74+471118.9 0.271 44.68 2.17 8.13 0.53 -0.60

141



163111.28+404805.2 0.258 44.32 2.28 7.91 -0.12 -0.74

163315.06+315510.2 0.407 44.10 2.06 8.25 1.08 -1.30

163327.54+475844.9 0.277 43.78 2.21 7.67 -0.10 -1.04

163410.75+463521.5 0.363 44.51 2.10 7.57 0.27 -0.21

163417.81+474453.1 0.178 43.84 2.16 7.25 -0.31 -0.56

163437.89+441533.2 0.222 43.76 2.04 7.26 0.19 -0.65

163514.15+324501.6 0.420 44.43 2.26 8.12 0.14 -0.84

163622.23+452013.6 0.470 44.32 2.25 8.03 0.10 -0.86

163625.42+421346.9 0.142 43.69 2.17 7.01 -0.60 -0.46

163631.58+461704.3 0.252 44.17 2.43 7.61 -1.06 -0.59

163634.41+412743.1 0.172 43.77 2.03 8.23 1.18 -1.61

163817.49+382249.9 0.361 44.71 2.62 7.68 -1.74 -0.12

163935.64+464933.3 0.393 44.16 2.02 8.38 1.38 -1.37

164038.88+435306.2 0.748 45.07 2.26 7.92 -0.04 0.01

164054.00+452601.3 0.256 43.72 2.10 7.13 -0.21 -0.55

164224.30+444509.8 0.369 44.44 2.31 7.55 -0.61 -0.25

164346.72+375937.3 0.394 44.85 2.30 7.97 -0.17 -0.26

164418.26+321301.3 0.803 45.18 2.22 8.74 0.95 -0.71

164439.99+443808.0 0.284 44.37 2.34 7.95 -0.36 -0.72

164509.32+352633.9 0.431 44.27 2.20 7.73 0.01 -0.61

164626.09+392932.1 0.101 43.49 1.97 6.85 0.05 -0.51

164734.50+381004.1 0.314 44.40 2.38 8.34 -0.10 -1.08

164808.74+435529.9 0.376 44.08 2.31 7.72 -0.43 -0.78

164809.60+365148.5 0.427 44.42 2.23 7.72 -0.12 -0.45

164841.23+411650.1 0.424 44.54 2.29 9.07 0.97 -1.68

164927.22+380924.0 0.101 43.43 2.16 7.32 -0.23 -1.04

165051.57+362723.8 0.557 44.84 2.32 7.84 -0.35 -0.14

165214.48+390027.5 0.460 44.25 2.24 8.45 0.56 -1.34

165309.81+421937.1 0.309 44.35 2.27 8.06 0.07 -0.85

165338.68+634010.6 0.279 44.27 2.49 7.47 -1.41 -0.35

165419.18+360902.7 0.459 44.58 2.28 7.60 -0.46 -0.17

165430.72+395419.7 0.340 44.00 2.21 7.44 -0.31 -0.58

165442.66+375425.2 0.500 44.39 2.29 8.07 -0.02 -0.83

165447.39+311528.6 0.691 44.95 1.98 8.19 1.36 -0.39

165627.31+623226.7 0.185 44.03 2.26 8.09 0.13 -1.20

165739.53+341128.8 0.706 44.95 2.33 8.61 0.37 -0.81

165757.51+382327.7 0.182 43.74 2.07 7.14 -0.04 -0.55

165818.39+331950.8 0.717 45.42 2.34 8.58 0.30 -0.31

165847.61+403730.5 0.323 43.88 2.06 7.27 0.11 -0.54
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165936.94+362205.2 0.479 44.38 2.19 8.36 0.69 -1.13

165958.93+620218.1 0.233 44.17 2.25 8.13 0.20 -1.11

170112.38+353353.4 0.501 44.31 2.14 7.60 0.11 -0.44

170223.22+323130.1 0.275 43.88 2.30 7.94 -0.20 -1.21

170227.22+332628.6 0.189 43.75 2.04 8.09 1.00 -1.49

170232.50+352618.2 0.540 44.74 2.01 8.06 1.08 -0.46

170249.63+400216.7 0.517 44.33 2.21 8.00 0.25 -0.82

170332.60+400046.1 0.236 43.60 1.92 7.38 0.76 -0.92

170431.82+653505.7 0.373 44.04 2.28 7.81 -0.24 -0.91

170524.76+340356.6 0.559 44.92 2.56 7.83 -1.36 -0.06

170601.38+352040.8 0.536 44.58 2.09 8.01 0.71 -0.58

170706.22+350548.5 0.691 45.06 2.31 8.47 0.30 -0.56

170845.58+595716.2 0.274 43.96 2.20 8.13 0.39 -1.32

170910.21+293056.0 0.211 43.63 1.99 7.95 1.08 -1.47

171046.77+321946.6 0.327 44.53 2.19 8.45 0.77 -1.07

171055.86+331216.1 0.341 44.34 2.11 8.26 0.89 -1.06

171117.98+315226.6 0.244 43.98 2.27 7.29 -0.72 -0.46

171207.44+584754.4 0.270 44.18 2.38 7.39 -1.04 -0.35

171223.01+305842.0 0.436 44.34 2.18 7.89 0.26 -0.69

171303.45+274804.0 0.547 44.62 2.16 8.22 0.65 -0.74

171322.58+325627.9 0.102 43.66 2.20 8.07 0.35 -1.56

171326.33+293323.9 0.527 44.41 2.30 8.18 0.05 -0.92

171353.85+273626.8 0.299 43.95 2.36 7.62 -0.73 -0.82

171441.86+644155.3 0.285 44.18 2.27 7.57 -0.44 -0.54

171504.28+564715.7 0.192 43.84 2.20 7.87 0.14 -1.18

171528.14+542508.9 0.251 44.05 2.24 7.55 -0.34 -0.64

171540.93+560654.9 0.297 44.09 2.51 7.34 -1.64 -0.39

171643.58+291535.3 0.545 44.55 2.12 8.32 0.92 -0.92

171736.90+593011.4 0.600 44.62 2.30 8.48 0.35 -1.01

171902.28+593715.9 0.179 44.01 2.11 7.41 0.03 -0.55

171943.77+581112.3 0.351 43.85 2.22 7.33 -0.47 -0.62

172033.63+580829.5 0.160 43.86 2.12 7.92 0.51 -1.20

172206.03+565451.6 0.426 44.53 2.15 7.48 -0.06 -0.09

172218.11+270315.7 0.261 44.02 2.14 7.63 0.13 -0.75

172258.04+272542.1 0.512 44.77 2.24 8.22 0.34 -0.59

172320.69+564349.0 0.269 43.82 2.16 7.67 0.10 -1.00

172446.40+603619.6 0.372 44.36 2.08 7.70 0.47 -0.48

172543.19+580604.8 0.292 44.20 2.15 8.35 0.82 -1.30

172734.55+532909.9 0.560 44.83 2.27 8.62 0.63 -0.94
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172823.61+630933.7 0.439 44.35 2.31 7.38 -0.78 -0.17

173203.09+611751.9 0.359 44.30 2.14 7.86 0.37 -0.71

173311.07+535457.2 0.308 44.20 2.35 8.46 0.13 -1.41

173348.82+585650.9 0.492 44.86 2.26 8.36 0.41 -0.65

204153.51+002909.8 0.398 44.44 2.55 7.85 -1.28 -0.56

204221.53−062438.4 0.594 44.59 2.20 7.77 0.06 -0.32

204355.55−070119.7 0.411 44.34 2.51 8.35 -0.62 -1.16

204527.70−003236.2 0.296 44.16 2.42 7.26 -1.34 -0.25

204717.66−054553.4 0.144 43.60 2.09 7.58 0.28 -1.12

204910.96+001557.2 0.363 44.18 2.11 7.38 0.03 -0.34

204916.84−060239.7 0.491 44.31 2.17 7.87 0.26 -0.71

205032.29−070131.1 0.169 44.12 2.18 8.60 0.95 -1.63

210003.05−005847.3 0.154 43.60 2.18 7.82 0.19 -1.37

210149.78+011003.2 0.452 44.59 2.18 8.20 0.56 -0.76

210205.22−061414.1 0.567 44.80 2.19 8.43 0.74 -0.77

210208.53−064501.9 0.325 44.18 2.29 8.43 0.34 -1.39

210211.50−064645.0 0.358 44.21 2.27 7.68 -0.33 -0.62

210345.63−060327.4 0.461 44.38 2.10 8.09 0.78 -0.86

210451.83−071209.4 0.354 44.31 2.24 8.18 0.29 -1.01

210530.86−061704.2 0.647 44.76 2.21 8.10 0.32 -0.48

210651.11+090936.0 0.390 44.84 2.15 8.19 0.68 -0.49

210754.98−062519.1 0.610 44.63 2.02 8.18 1.16 -0.69

210926.85+010123.2 0.412 44.16 2.29 7.81 -0.29 -0.80

210926.94+112321.6 0.436 44.43 2.29 7.81 -0.26 -0.53

211136.40−074136.5 0.542 44.25 2.24 7.36 -0.54 -0.26

211147.38+000050.0 0.737 44.74 2.06 7.53 0.37 0.06

211204.85−063535.2 0.204 44.22 2.23 7.64 -0.22 -0.56

211227.30+092012.2 0.547 44.59 2.20 7.97 0.25 -0.52

211234.88−005926.8 0.235 44.04 2.25 8.10 0.17 -1.21

211348.39+003722.1 0.387 44.78 2.23 7.98 0.12 -0.35

211436.67−004938.4 0.146 43.50 1.97 7.26 0.44 -0.90

211504.60−064720.9 0.372 44.31 2.31 7.76 -0.39 -0.60

211531.68−072627.5 0.371 43.99 2.27 7.43 -0.59 -0.59

211609.70+113419.6 0.499 44.44 2.31 8.31 0.15 -1.02

211649.79+001100.1 0.345 44.29 2.20 7.89 0.17 -0.74

211817.39+001316.8 0.463 44.63 2.09 7.70 0.42 -0.21

211832.75+004500.8 0.234 44.09 2.19 8.17 0.49 -1.23

211838.67+004035.5 0.282 44.06 2.08 7.45 0.21 -0.53

211843.24−063618.0 0.328 44.61 2.18 8.21 0.58 -0.74
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211852.96−073227.5 0.260 43.96 2.17 7.39 -0.20 -0.58

212001.32+100106.9 0.609 45.04 2.36 8.80 0.42 -0.90

212203.82+001119.2 0.229 43.71 2.20 7.91 0.18 -1.35

212210.99+104200.1 0.299 43.93 1.97 7.37 0.57 -0.59

212341.16+010557.8 0.389 44.22 2.48 7.31 -1.56 -0.23

212457.94−073221.4 0.523 44.51 2.13 7.99 0.55 -0.63

212548.19−065159.1 0.543 44.77 2.23 8.32 0.47 -0.71

212718.04−070532.3 0.463 44.40 2.09 7.82 0.54 -0.56

212724.32+004718.1 0.717 45.62 2.24 8.63 0.73 -0.15

212936.97−072431.8 0.432 44.59 2.27 8.62 0.61 -1.17

213015.52+112009.6 0.123 43.67 1.94 7.25 0.56 -0.73

213040.15−082159.9 0.267 44.11 2.28 8.10 0.07 -1.14

213110.54−003537.0 0.145 43.82 2.17 7.75 0.15 -1.07

213212.89−000131.7 0.534 44.34 2.25 7.83 -0.11 -0.64

213245.24+000146.4 0.235 44.00 2.04 7.72 0.63 -0.87

213245.28+121256.9 0.126 43.72 2.09 7.15 -0.13 -0.57

213357.88−071217.3 0.240 44.11 2.23 7.36 -0.49 -0.40

213530.78−063907.9 0.317 44.09 2.14 8.18 0.68 -1.24

213556.28+120835.4 0.469 44.30 2.19 7.52 -0.18 -0.36

213558.12−065912.5 0.243 43.93 2.16 7.67 0.09 -0.88

213607.05+105746.0 0.344 44.54 2.21 7.47 -0.31 -0.08

213818.97+011222.4 0.344 44.58 2.19 8.03 0.35 -0.59

213857.38+010707.0 0.277 43.84 2.12 7.51 0.09 -0.82

214111.89−063930.3 0.552 44.63 2.26 8.45 0.50 -0.97

214350.83−074113.5 0.424 44.19 2.59 7.94 -1.35 -0.89

214359.64+103705.3 0.207 43.82 2.26 7.22 -0.76 -0.55

214652.71+113030.8 0.535 44.53 2.29 8.27 0.18 -0.89

214848.54−084448.8 0.136 43.88 2.23 7.49 -0.37 -0.76

215101.17−083716.2 0.122 43.77 2.10 6.98 -0.34 -0.36

215147.60−080922.4 0.121 43.66 2.15 7.18 -0.34 -0.66

215232.41+115350.9 0.163 43.76 2.16 6.98 -0.59 -0.37

215437.21+113555.0 0.356 44.52 2.22 8.41 0.60 -1.03

215453.41+121554.9 0.622 44.45 2.06 7.82 0.65 -0.51

215501.74−081047.4 0.267 43.99 2.30 7.55 -0.59 -0.70

215516.13+003250.8 0.279 44.32 2.00 7.70 0.78 -0.52

215725.27−080325.1 0.351 44.01 2.03 7.66 0.60 -0.79

215740.40+124052.5 0.328 44.10 2.21 8.36 0.60 -1.41

215756.09−071233.2 0.364 44.42 2.05 8.01 0.90 -0.74

215822.52+010748.8 0.569 44.48 2.37 8.04 -0.38 -0.71
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215825.88−001804.8 0.373 44.84 2.18 8.08 0.42 -0.39

215841.92−011500.3 0.357 44.03 2.57 7.63 -1.59 -0.75

215907.65−070441.5 0.421 44.42 2.35 8.39 0.06 -1.11

215924.06+011305.4 0.101 43.75 2.18 7.50 -0.13 -0.90

215930.15−085552.6 0.349 44.49 2.46 8.06 -0.72 -0.71

220332.34+004401.2 0.369 44.61 2.15 8.46 0.95 -0.99

220438.04−081340.4 0.366 44.04 2.13 7.44 0.01 -0.55

220546.22−004111.2 0.127 43.80 2.11 7.61 0.23 -0.95

220555.84+004122.6 0.265 43.95 2.46 7.27 -1.48 -0.47

220704.31+005025.9 0.318 44.11 2.13 7.45 0.01 -0.49

220728.52−000733.3 0.772 45.16 2.16 8.13 0.56 -0.11

220851.96−010603.8 0.352 44.59 2.01 7.97 1.00 -0.52

221052.28−074740.9 0.226 43.94 2.29 7.78 -0.28 -0.99

221841.91−085305.4 0.760 44.89 2.09 8.06 0.76 -0.31

221953.18−083258.7 0.306 43.83 1.90 7.17 0.63 -0.48

222053.80−083552.9 0.192 43.90 2.13 7.81 0.38 -1.05

222203.73−092712.0 0.173 43.97 2.02 7.67 0.66 -0.85

222210.47+134114.6 0.301 43.97 2.10 7.83 0.49 -1.01

222255.55+005033.7 0.113 43.25 1.91 6.73 0.18 -0.62

222315.11−002610.5 0.293 44.10 2.06 7.66 0.49 -0.71

222403.36−005724.2 0.314 43.99 2.30 7.79 -0.33 -0.94

222733.21+003448.9 0.308 44.22 2.04 7.97 0.89 -0.89

222852.60−075346.6 0.638 44.85 2.07 8.31 1.10 -0.61

222909.81+002527.4 0.228 44.01 2.39 8.02 -0.45 -1.16

222914.95+131115.5 0.527 44.70 2.12 8.22 0.82 -0.67

222923.90+133921.5 0.414 44.49 2.61 7.52 -1.83 -0.18

223109.07−080900.5 0.503 44.85 2.28 8.01 -0.04 -0.30

223244.07+142510.3 0.522 44.42 2.26 8.35 0.40 -1.08

223533.07−081322.0 0.457 44.71 2.18 8.20 0.55 -0.64

223553.88+142805.5 0.258 44.02 2.14 8.04 0.55 -1.16

223558.48−092811.7 0.431 44.35 2.27 7.50 -0.50 -0.29

223607.68+134355.3 0.327 45.07 2.03 7.80 0.77 0.12

223823.26−005708.2 0.361 44.38 2.38 7.81 -0.62 -0.58

224028.34+004649.2 0.215 43.61 2.23 7.40 -0.45 -0.94

224334.29−084550.9 0.418 44.42 2.09 7.98 0.70 -0.71

224410.17+142200.1 0.608 44.54 2.14 7.98 0.52 -0.59

224547.14−094907.8 0.421 44.35 2.31 7.69 -0.48 -0.48

224623.54+130335.9 0.521 44.80 2.22 8.65 0.85 -1.00

224655.57−084258.1 0.471 44.79 2.23 8.11 0.27 -0.47

146



224707.09+150311.7 0.351 44.29 2.11 8.48 1.11 -1.34

224738.46+145511.8 0.291 43.83 2.19 7.53 -0.15 -0.85

224817.51−101547.1 0.292 44.64 2.23 8.55 0.70 -1.05

224903.28−080841.7 0.458 43.98 2.21 8.01 0.24 -1.17

224916.87−084707.3 0.215 43.84 2.17 7.27 -0.35 -0.58

224923.89−002525.7 0.375 44.21 2.01 8.10 1.16 -1.04

225008.55−100415.7 0.427 44.16 2.15 7.63 0.11 -0.62

225025.34+141952.0 0.235 44.66 2.32 7.88 -0.33 -0.36

225036.72+000759.4 0.432 44.34 2.27 8.10 0.08 -0.91

225037.94+144337.2 0.495 44.39 2.28 8.07 0.02 -0.82

225208.99+133541.7 0.323 44.17 2.08 7.91 0.67 -0.89

225211.75+144124.3 0.194 43.61 1.91 7.06 0.50 -0.60

225314.50−082859.7 0.409 44.22 2.26 8.32 0.34 -1.24

225510.37−090755.1 0.413 44.39 2.00 7.96 1.06 -0.72

225512.68+141254.6 0.493 44.47 2.37 7.58 -0.84 -0.26

225525.66−092135.0 0.246 43.95 2.20 7.73 0.00 -0.93

225603.44−091714.6 0.215 43.75 2.09 7.10 -0.19 -0.50

225738.20+134045.4 0.595 45.26 2.06 8.63 1.49 -0.52

230007.27+001739.1 0.266 44.04 2.06 7.87 0.73 -0.98

230022.05+004300.2 0.442 44.49 2.11 8.25 0.87 -0.90

230520.38+131555.0 0.363 44.24 2.10 8.01 0.70 -0.91

230555.12−093750.6 0.186 43.75 2.02 7.85 0.83 -1.24

230705.29+004754.1 0.424 44.40 2.03 8.48 1.45 -1.22

230744.16−095359.0 0.207 43.76 2.23 7.41 -0.44 -0.79

230815.98−092913.4 0.457 44.28 2.27 7.88 -0.12 -0.75

230853.67+002303.3 0.340 43.84 2.22 7.17 -0.62 -0.48

230906.09−010716.4 0.108 43.42 2.00 7.55 0.65 -1.28

230906.96−100837.3 0.318 44.08 2.21 7.40 -0.38 -0.46

230946.14+000048.8 0.352 44.33 2.33 8.31 0.08 -1.13

231240.03−083919.7 0.159 44.00 2.09 8.08 0.78 -1.23

231250.88+001719.0 0.258 44.31 2.20 7.61 -0.12 -0.45

231309.71+002633.7 0.286 43.90 2.20 7.27 -0.47 -0.51

231457.07+143324.9 0.567 44.62 2.23 8.07 0.22 -0.60

231628.25+151443.1 0.213 43.94 2.46 7.47 -1.29 -0.68

231657.53+133139.6 0.359 43.89 2.31 7.70 -0.45 -0.95

231723.76+135905.2 0.393 44.44 2.27 8.43 0.42 -1.14

232029.75−103827.0 0.308 44.21 2.45 7.56 -1.19 -0.50

232104.67−082537.3 0.452 44.30 2.37 7.33 -1.08 -0.18

232235.66−094438.1 0.372 44.73 2.10 8.49 1.16 -0.91
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232327.99+002032.9 0.120 43.71 2.20 7.86 0.13 -1.29

232458.66−000302.9 0.533 44.40 2.23 7.96 0.11 -0.70

232543.23+144010.9 0.331 44.14 2.16 8.15 0.59 -1.16

232631.44+133550.6 0.318 44.11 2.18 7.36 -0.27 -0.40

232640.01−003041.4 0.582 44.52 2.21 8.36 0.60 -0.98

232649.20+154708.6 0.431 44.51 2.21 7.85 0.09 -0.49

232807.63+144206.5 0.215 43.89 2.21 7.67 -0.09 -0.92

233018.30−093802.3 0.362 44.32 2.31 8.06 -0.11 -0.88

233054.77−095647.8 0.249 44.13 2.36 7.86 -0.51 -0.88

233129.83−004933.3 0.615 44.63 2.45 8.18 -0.55 -0.69

233336.00+133531.5 0.313 43.97 2.34 7.24 -1.07 -0.41

233512.68−100040.4 0.243 43.76 2.06 7.66 0.50 -1.04

233517.63+010307.5 0.625 44.67 2.04 7.80 0.71 -0.28

233630.05+153138.2 0.391 44.24 2.19 8.01 0.32 -0.91

233633.70−092617.0 0.260 44.12 2.21 7.35 -0.43 -0.38

233811.52+002045.7 0.279 43.81 2.13 7.27 -0.18 -0.61

233933.86−092058.5 0.528 44.20 2.23 7.71 -0.13 -0.66

234018.85−011027.2 0.552 44.47 2.24 7.60 -0.29 -0.28

234019.82−005908.3 0.313 44.01 2.36 7.65 -0.70 -0.79

234141.50−003806.6 0.320 44.52 2.27 7.62 -0.37 -0.25

234145.51−004640.5 0.525 44.85 2.15 8.41 0.88 -0.70

234208.29−094747.5 0.192 43.59 2.05 7.03 -0.09 -0.58

234259.35+134750.4 0.299 44.53 2.46 8.13 -0.63 -0.75

234557.11+160228.4 0.326 44.09 2.07 8.30 1.09 -1.36

234725.29−010643.8 0.182 43.86 2.03 7.17 0.14 -0.46

234830.63+134840.4 0.251 44.05 2.54 7.32 -1.79 -0.42

234832.41+155118.3 0.343 44.14 2.43 8.18 -0.47 -1.18

234852.50−091400.8 0.462 44.63 2.21 8.49 0.73 -1.00

235000.27+134533.2 0.195 43.86 2.00 7.54 0.61 -0.83

235045.65−090747.5 0.266 43.68 2.18 7.49 -0.15 -0.96

235049.17−085454.2 0.568 44.67 2.38 7.77 -0.69 -0.25

235156.12−010913.3 0.174 44.67 2.26 8.46 0.49 -0.94

235311.86−095604.4 0.393 44.21 2.15 7.22 -0.32 -0.16

235340.46−093709.0 0.313 43.85 2.01 7.36 0.40 -0.65

235533.74−103156.0 0.306 44.16 2.33 7.93 -0.29 -0.92

235758.79+144623.3 0.169 43.39 2.19 7.13 -0.54 -0.89

235808.46−102843.1 0.170 43.99 2.09 7.14 -0.14 -0.30

235834.25+150001.0 0.353 44.22 2.09 8.01 0.74 -0.93

235953.44−093655.6 0.359 44.26 2.18 7.89 0.25 -0.78
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Table A.2: Physical parameters for quasars in the MO2 sample. σNL =

FWHM/2.35. νLν(5100) is derived from the 4000 Å continuum luminosity

and scaled to νLν(5100) using Fλ ∝ λ−1.56. Log MBH is calculated with

Equation 2.2 using νLν(5100) and the FWHM of broad Mg ii. ∆ log MBH ≡

log MBH − log Mσ where Mσ is the black hole mass calculated from Equation

2.1 and σNL.

Quasar z log νLν(5100) log σNL log MBH ∆ log MBH log L/LEd

(SDSS J) (erg s−1) (km s−1) (M⊙)

002032.36−103414.5 0.808 45.16 2.27 9.25 1.23 -1.24

002410.43−103633.5 0.832 44.85 2.11 8.74 1.36 -1.03

003524.51−095503.9 0.630 44.40 2.17 8.09 0.50 -0.84

003931.58−111102.3 0.553 44.46 2.34 8.70 0.43 -1.39

003941.14+154427.1 0.809 44.64 2.09 8.65 1.35 -1.16

005153.22−084044.8 0.873 44.81 2.28 8.15 0.11 -0.50

010535.99+151300.9 1.025 45.20 2.32 9.02 0.83 -0.96

015351.08+123836.7 0.535 44.93 2.32 8.52 0.30 -0.74

023240.83−092113.6 0.737 44.71 2.40 8.35 -0.19 -0.78

023859.19−000158.1 0.813 45.23 2.42 9.07 0.48 -0.99

031859.68−080223.1 0.742 44.86 2.22 8.62 0.82 -0.91

031949.72−065459.2 0.714 45.10 1.84 8.53 2.24 -0.57

032255.93−055320.9 0.768 45.09 2.01 8.65 1.69 -0.71

033032.53−001743.7 0.609 44.77 2.29 8.79 0.69 -1.16

033141.08−061248.0 0.635 44.89 2.38 8.44 -0.02 -0.69

033706.22−004747.6 0.752 45.65 2.42 8.91 0.28 -0.40

035230.55−071102.3 0.966 46.09 2.29 8.80 0.74 0.14

035648.30−061238.5 0.711 45.27 2.15 8.39 0.89 -0.27

073654.04+302657.5 0.724 44.95 2.33 8.49 0.26 -0.68

074054.05+332006.4 0.888 45.66 2.26 8.62 0.67 -0.10

074343.59+202333.8 0.704 44.95 2.17 7.80 0.20 0.00

074417.47+375317.2 1.069 45.68 2.49 9.08 0.21 -0.55

074541.66+314256.6 0.461 45.75 2.14 9.14 1.64 -0.54

074604.91+292250.3 0.547 44.98 2.40 8.36 -0.17 -0.53

075614.59+350414.5 0.835 44.50 2.17 8.01 0.42 -0.65

075734.03+281105.5 0.751 45.14 2.09 8.11 0.82 -0.11

080250.82+391903.0 0.518 44.74 2.15 8.43 0.90 -0.84

080420.76+344236.2 1.033 44.87 2.44 8.87 0.19 -1.15

080947.92+422851.2 0.787 45.37 2.41 8.32 -0.23 -0.09

081137.22+483133.7 0.703 44.97 2.13 8.53 1.07 -0.70
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081737.91+303803.2 0.702 45.16 1.99 8.10 1.21 -0.09

082219.49+340044.9 0.726 45.40 2.23 8.61 0.75 -0.35

082251.36+455946.2 0.679 44.87 2.39 8.48 0.01 -0.76

082325.26+445850.3 0.795 44.75 2.25 8.75 0.84 -1.15

082517.61+443626.9 0.901 45.25 2.18 8.63 0.98 -0.52

082600.80+491235.0 0.816 45.04 2.47 8.05 -0.75 -0.15

082745.52+533314.9 1.011 45.28 2.25 8.92 0.98 -0.79

083010.50+321352.7 0.522 45.09 2.33 8.62 0.36 -0.68

083110.01+374209.5 0.918 45.01 2.54 8.73 -0.36 -0.87

083232.38+492348.1 0.733 44.89 2.35 8.13 -0.18 -0.39

083604.42+455037.6 0.808 45.18 2.27 9.19 1.18 -1.15

084058.64+412520.5 0.693 45.42 2.12 8.52 1.10 -0.24

084101.70+425806.4 0.889 45.02 2.27 8.77 0.76 -0.89

084233.41+503005.6 0.939 45.05 2.16 9.08 1.51 -1.17

084710.40−001302.6 0.627 44.76 2.14 8.62 1.14 -1.01

084803.59+484746.3 1.165 44.94 2.08 8.27 1.01 -0.48

085423.82+354529.7 0.676 44.74 2.25 8.03 0.13 -0.44

090141.59+412901.3 0.573 44.44 2.38 8.17 -0.29 -0.88

090835.85+415046.3 0.734 44.84 2.37 8.05 -0.37 -0.35

091609.60+000018.8 0.801 45.54 2.44 8.28 -0.42 0.11

092309.18+455445.9 0.736 44.91 2.22 8.77 0.96 -1.01

092524.70+543459.7 0.561 44.46 2.26 8.41 0.43 -1.09

092943.41+004127.3 0.587 45.42 2.47 8.05 -0.74 0.22

093135.96+600221.5 1.061 45.29 2.21 9.21 1.45 -1.06

093241.14+530633.8 0.597 44.55 2.30 7.74 -0.38 -0.34

094018.36+485618.8 0.793 44.84 2.30 8.62 0.50 -0.92

094241.68+005652.2 0.695 44.17 2.35 7.95 -0.38 -0.92

094403.48+042342.7 0.868 44.77 2.33 7.80 -0.44 -0.17

094923.90+573336.7 0.912 45.16 2.48 8.36 -0.48 -0.34

094927.44+391422.8 0.801 44.81 2.46 8.29 -0.47 -0.62

095607.20+074858.1 1.074 45.07 2.20 8.26 0.53 -0.34

100017.67+000523.6 0.905 44.93 2.56 8.31 -0.86 -0.53

101944.95+542317.2 0.885 44.92 2.34 8.89 0.61 -1.11

102220.08+594704.7 0.751 44.99 2.22 8.59 0.78 -0.74

102436.59+591636.5 0.919 45.30 2.35 8.73 0.40 -0.57

102507.67+653927.2 0.536 43.91 2.32 7.77 -0.44 -1.01

102832.78+650247.8 0.552 44.91 2.28 8.69 0.63 -0.92

104306.01+001006.7 0.936 45.18 2.43 8.87 0.22 -0.84

104431.77−001118.6 0.559 44.48 2.40 8.86 0.34 -1.53
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104732.68+472532.0 0.799 45.01 2.26 7.70 -0.28 0.17

104901.74+535425.7 0.484 44.22 2.01 8.34 1.39 -1.27

105126.96+474719.1 1.031 45.79 2.16 8.64 1.09 0.01

110715.88+053306.7 0.884 44.87 2.20 8.51 0.80 -0.79

110741.71+052616.1 0.612 44.87 2.34 8.62 0.35 -0.90

110822.14+011559.8 0.649 44.51 2.37 8.18 -0.23 -0.81

111943.17+010226.0 0.497 44.33 2.51 7.66 -1.33 -0.47

112347.28+022224.5 0.754 44.84 2.40 8.22 -0.30 -0.52

113016.44−024907.5 0.778 45.10 2.31 8.57 0.39 -0.61

113411.51+645107.3 0.615 45.34 2.20 8.11 0.39 0.09

113616.23+515103.9 0.643 44.76 2.23 7.83 -0.01 -0.21

113943.06+003521.2 0.877 45.14 1.91 8.51 1.94 -0.52

114417.78+104345.9 0.678 45.00 2.36 8.55 0.20 -0.69

114557.85+034321.2 1.020 45.21 2.18 8.81 1.17 -0.74

115312.55+091402.3 0.696 45.22 2.42 8.59 -0.03 -0.51

115839.90+625428.0 0.592 45.63 2.36 9.49 1.13 -1.01

121325.48+092319.4 0.725 45.02 2.17 8.11 0.51 -0.24

121541.96+051932.6 0.811 44.99 2.27 8.57 0.58 -0.73

121658.13+642941.7 0.765 45.09 2.26 8.31 0.36 -0.36

121932.11+005602.8 0.833 44.72 2.24 7.75 -0.13 -0.18

122344.86+022920.5 1.023 45.18 2.26 8.55 0.57 -0.51

122728.69+555557.1 0.791 44.70 2.28 8.52 0.49 -0.97

123055.30+613205.3 0.785 44.41 2.41 8.48 -0.09 -1.21

124805.45+514415.2 0.775 44.57 2.39 8.49 0.01 -1.07

124944.39+655753.8 0.717 44.91 2.44 8.56 -0.14 -0.80

125824.70+020846.7 0.893 45.10 2.29 8.54 0.43 -0.58

130207.81+585431.3 0.808 45.43 2.55 8.08 -1.04 0.21

130815.43+021411.7 0.771 45.64 2.37 8.78 0.36 -0.28

131359.17−032444.7 0.661 45.11 2.44 8.77 0.08 -0.80

132626.68+032627.7 1.003 45.67 2.50 8.93 0.01 -0.41

132832.50−010317.9 0.738 44.79 2.11 7.49 0.11 0.16

133204.75−011734.6 0.815 45.03 2.34 8.15 -0.16 -0.26

134122.34−014630.1 0.714 44.59 2.28 7.55 -0.52 -0.10

134630.75+025628.7 0.835 44.78 2.21 8.64 0.88 -1.00

134812.36+052402.6 0.656 44.65 2.28 8.11 0.08 -0.61

134942.72−001455.2 0.912 45.21 2.37 8.15 -0.24 -0.08

135726.47+001542.4 0.662 44.87 2.00 8.24 1.31 -0.51

141312.57+564113.2 0.668 45.36 2.58 9.13 -0.14 -0.91

142133.99+580454.4 0.900 44.65 2.45 8.28 -0.43 -0.78
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142702.69−001344.9 0.753 44.37 2.42 8.52 -0.10 -1.30

142918.15+592106.6 0.739 44.64 2.23 8.42 0.59 -0.93

143402.91+515913.1 0.730 44.86 2.55 8.69 -0.46 -0.97

143458.70+554818.4 0.527 44.52 2.20 8.30 0.58 -0.93

143726.14+504555.8 0.784 45.42 2.61 8.49 -0.88 -0.22

144625.07+035503.6 0.889 45.31 2.27 8.14 0.13 0.03

145001.94+525127.2 0.668 44.78 2.08 8.00 0.77 -0.37

145533.15+432034.0 0.666 44.63 2.48 8.54 -0.32 -1.06

145659.27+503805.4 0.819 44.69 2.39 7.96 -0.53 -0.42

150006.91+585137.2 0.631 44.54 2.32 8.29 0.09 -0.89

150116.83+473623.1 0.794 45.07 2.57 8.30 -0.93 -0.38

150147.21+610608.3 0.917 45.01 2.28 8.20 0.14 -0.34

150339.07+505829.9 0.740 45.07 2.14 7.92 0.44 0.00

150404.45+013121.6 0.827 44.92 2.24 8.60 0.72 -0.82

150425.86+514915.1 0.773 44.74 2.36 8.77 0.42 -1.17

150450.16+012215.5 0.967 45.51 2.27 8.75 0.74 -0.39

150635.99+561113.8 0.770 44.71 2.51 8.17 -0.79 -0.60

150907.19+420539.6 0.479 44.37 2.09 8.10 0.84 -0.87

151109.21+022218.7 0.631 44.86 2.24 8.84 0.97 -1.13

151329.07+513812.7 0.659 45.00 2.32 8.81 0.59 -0.96

151356.15+042055.8 0.720 44.78 2.31 9.02 0.86 -1.39

151647.34+594016.4 0.886 45.53 2.26 8.64 0.66 -0.26

153306.42+000635.1 0.589 45.07 2.25 8.50 0.57 -0.58

153644.99+381558.7 0.616 44.68 2.34 8.23 -0.05 -0.69

154131.82+504608.8 0.534 44.16 2.07 8.12 0.93 -1.10

160742.94+432816.5 0.597 45.01 2.35 8.40 0.06 -0.53

161054.82+481639.2 0.798 45.00 2.01 8.63 1.66 -0.78

161530.64+465254.7 1.030 45.22 2.32 8.23 0.02 -0.16

162544.99+390753.5 0.714 44.84 2.13 8.76 1.33 -1.06

164045.19+345032.9 0.572 44.54 2.31 8.10 -0.08 -0.70

164659.00+400822.9 0.924 45.17 2.21 8.19 0.43 -0.17

165907.78+374413.5 0.770 44.37 2.04 8.39 1.33 -1.17

170017.18+325706.2 0.901 45.37 2.34 8.95 0.68 -0.73

170036.30+341414.7 0.795 45.19 2.60 8.93 -0.39 -0.88

170438.96+585748.7 0.917 45.17 2.24 8.26 0.38 -0.24

171110.76+330704.1 0.747 44.72 2.06 8.59 1.44 -1.01

171117.66+584123.8 0.617 44.78 2.00 7.85 0.94 -0.22

210705.90+004430.9 0.926 45.16 2.28 8.11 0.09 -0.10

210927.29−061015.1 0.573 44.75 2.29 8.83 0.77 -1.23
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211112.60−060614.6 0.991 45.03 2.24 8.58 0.69 -0.69

212715.34−062041.7 0.704 45.30 2.27 8.90 0.91 -0.74

215844.81−082431.9 0.822 44.88 2.18 7.95 0.31 -0.22

220214.34−081209.0 0.925 45.02 2.16 8.90 1.32 -1.03

220241.42+002453.7 0.599 44.46 2.36 8.05 -0.32 -0.73

220411.99−075931.9 0.733 45.16 2.29 8.57 0.48 -0.56

221607.17+114012.5 0.783 45.65 2.57 8.92 -0.27 -0.41

221815.62+010842.1 0.742 45.12 2.43 8.13 -0.51 -0.16

224944.95+133109.4 0.768 44.79 2.45 8.37 -0.34 -0.73

225631.29−102228.4 0.876 45.49 2.08 9.30 2.04 -0.96

235026.40−101958.0 1.187 45.09 2.33 8.83 0.58 -0.88
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