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ABSTRACT

Using a sam ple of 228 optically selected A ctive G alactic Nucki AGNs) in the 0.01{6.3 redshift
range w ith a high fraction of X ray detections (81{86% ), we study the relation between rest—fram e
UV and soft X +ray eam ission and its evolution with coan ic tine. The m aprity of the AGN s in our
sam ple (155 ob Fcts) have been selected from the Sloan D igitalSky Survey (SD SS) in an unbiased way,
rendering the sam ple results representative of all SD SS AGNs. The addition of two heterogeneous
sam ples of 36 high-redshift and 37 low redshift AG N s further supports and extends our conclusions.
W e con m that the X -ray em ission from AGN s is correlated w ith their UV eam ission, and that the
ratio ofthe m onochrom atic lum inosity em itted at 2keV com pared to 2500A decreasesw ith increasing
Ium inosity ( ox = 0:136L, + 2616, where 1, is in log units), but does not change w ith coan ictin e.
These results apply to intrinsic AGN em ission, as we correct or control for the e ects of the host
galaxy, UV /X —ray absorption, and any X —ray em ission associated w ith radio em ission n AGNs. W e
Investigate a variety of system atic errors and can thereby state with con dence that (1) the ox{kv
anti-correlation is realand not a result of accum ulated system atic errors and (2) any ox dependence
on redshift is negligble in com parison. W e provide the best quanti cation of the x{L, relation
to date for nom al radioquiet AGN s; this should be of utility for researchers pursuing a variety of
studies.

Subfct headings: G alaxies: Active: Nuclei, Galaxies: Active: Optical/UV /X -ray,
G alaxies: Active: Evolution, M ethods: Statistical

1. NTRODUCTION

Surveys fr A ctive G alactic Nuckei# @GNSs) were un—
til recently m ost comm only conducted in the observed
optical band (corresponding to the restframe UV for
high-redshift AGN s); consequently, our understanding
of the AGN population is biased toward properties in—
ferred from AGN sam ples bright in the optical. Radio,
Infrared, and X ray surveyshave revealed m ore reddened
and obscured AGN s, attesting to the presence of an op—
tical bias. AGN surveys In non-optical bands still re—
quire optical or UV spectroscopy to con m the pres—
ence of an active nuclus (except for bright, hard X ray
selected AGNs, or AGN s wih large radio gts) and to
determ ine the redshift. H istorically, our understanding
of the evolution of the lum inous AGN population w ith
coam ic tin e hasbeen based largely on optically selected
AGN samples; use of sam ples selected in other bands
to further this understanding requires proper interpre—
tation of the relations between em ission in these bands
and optical/UV em ission for com parison. X ay surveys
arem ore penetrating and e cient in separating the host—
galaxy contribution from the nuclearenm ission for sources
with Ly & 10*% ergs !, as the integrated host-galaxy X —
ray em ission is negligible com pared to the nuclkar em is-
sion Which contributes 5{30% of the AGN bolom etric
Ium inosity). In order to com pare X -ray survey resuls
on AGN evolution to those In the optical/UV , aswellas
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4 In this paper \AGN s" refers to all types of active galaxies
covering the full range of observed um inosities.

to understand better the details of the nuclear environ—
m ent and the accretion processpowering AGN s, we need
to establish the relationsbetween optical/UV and X ray
em ission in optically selected sam ples.

Tananbaum et al. [1979) discovered that a large frac—
tion of UV -excess and radio-selected AGN s are strong
X -ray sources wih X-ray lum inosities correlated w ith
those measured in the restframe UV . This result was
con med by [Zamoraniet all [1981), who also found
that the X ray em ission of AG N s depends on their radio
power (wih radioJoud AGNs beihg on average 3
tin es brighter in X rays) and that the optical/UV -to-
X -ray monochrom atic ux ratios of AGN s depend on
rest—fram e UV lum inosity and/or redshift. T he relation
between AGN am ission in the rest-frame UV and X -ray
bands is comm only cast into a ratio of m onochrom atic

uxes called \optical/UV +toX way index", .y, de ned
as the slope of a hypothetical power law extending
between 2500A and 2keV in the AGN rest frame’:

ox = 0:38381ogF (2keV)=F (2500A)]. Studies of
optical/UV and radio sam ples of AGN s observed w ith
the Einstein Observatory (eg. Avni& Tananbaum
1982; K rss& Canizares 11985; Avni& Tananbaum
1986€; IAnderson & M argon (1987; W orrallet all [1987;
W_ikeset alll1994) and ROSAT (eg.I/Green et alll1991)
con m ed that over 90% of optically selected AGN s are
lum inous X ray em iters, that the X -ray em ission from
AGNs (from Seyfert 1s to lum inous Q SO s) is correlated
w ith the optical/UV em ission as well as the radio em is-

5 The subscript of ox com es from the nam e \opticalto-X -ray
index". \Optical" is som ewhat of a m isnom er since it refers to
the ultraviolet (2500A rest—fram e) m onochrom atic ux which falls
in the observed optical band for m ost bright AG N s studied origi-
nally. W e use \optical/UV -to-X -ray index" instead but retain the
designation ox for historical reasons.
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sion, and that the prim ary ox dependence ism ost likely
on optical/UV  lum nosity rather than redshift (out
see [Yuan, Siebert, & B rinkm ann 11998; Bechtold et all
2003). The m ost com prehensive recent study of X ray
an ission from a radioquist RQ) sam ple of optically
selected AGN s is that of [V.ignali, Brandt, & Schneider
2003, hereafter VBS03), who found a stronger o«
dependence on rest—fram e UV lum inosiy than redshift.

A robust em pirical study of the relations between op—
tical/UV and X —<ay em ission from AGNs provides a
valuable basis for theoretical studies of AGN energy-—
generation m echanism s. A s we discuss in {4, there are
no concrete theoretical studies to date predicting the
observed range of oy or its dependence on rest-fram e
UV lum nosity and/or redshift. A wellcalbrated rest—
fram e UV toX ray relation can also be used to derive
reliable estin ates of the X —ray em ission from optically
selected, RQ, unabsorbed AGNs and can lad to in-—
proved bolom etric um inosity estin ates. Furthem ore,
re ned know ledge of the \nom al" range of rest-fram e
UV -toX —-ray lum inosity ratios In AGN s is necessary to
de ne m ore accurately special AGN subclasses eg., X—
ray weak AGNs) and (under certain assum ptions) es-
tim ate the X +ray em ission associated wih Fts in RL
AGNs.

E stablishing the relations between the intrinsic rest-
frame UV and X-ray emission in optically selected
sam ples (excliding the e ects of absorption and Ft-
associated X -ray em ission) can be done e ciently and
accurately only wih sam plesw ih a high fraction of X -
ray detections, optical/UV spectroscopy, and radio clas-
si cations. In addition, appropriate statisticalanalysis
m ethods developed to detect partial correlations in cen—
sored data sets must be used. The advent of large-
area, highly com plete optical surveys lke the 2 degree
Field Survey (dF, ICroom et all 2001) and the Sloan
D igital Sky Survey (SDSS; [Xork et alli2000), coupled
w ith the increased sky coverage ofm ediim -depth X -ray
In agihg (pointed observation w ith the RO entgen SATel-
Iite { ROSAT, X-ray M uliM irror M ission-Newton {
XMM Newton, and Chandra X -ray O bservatory { Chan-
dra), m ake the task of creating suitable sam ples feasble.
W e have constructed a sample of 155 SDSS AGNs In
mediim deep ROSAT elds, supplem ented w ith a low—
redshift Seyfert 1 sam ple and a high-redshift Ium inous
AGN sample (for a total of 228 AGN s), to investigate
the relation between rest-fram e UV and soft X ray em is—
sion In RQ AGNs. Several in portant conditions must
be m et to ensure the appropriateness of the sam pl and
statisticalm ethods:

1. Large ranges of lum nosity and redshift must be
sam pled to reveal weak correlations of oy with um i
nosity and redshift. A ddiionally, a signi cant range in
lum nosity at each redshift is necessary to control for
the strong redshift dependence of lim inosity n  ux-
lin ited samples (9. Bvnis& Tananbaum| [198€); this
range should be larger than the observed m easure—
ment and variability dispersions. Our current sample
of 228 AGN s covers the largest redshift and lum inos—
ity rangesto date, 001 < z< 63and 10>’ ergs ! Hz !
< L (2500A)< 103 ergs?® Hz !, wihout sacri cing a
high X -ray detection fraction or seriously a ecting the
sam ple hom ogeneity. The main SD SS sam ple provides
adequate lum nosity coverage in the 02 < z< 3:0 red-

shift range; the addition of the Seyfert 1 and high-z
AGN samples (see ) increases the range of lum inosi-
ties probed at low and high redshifts, respectively.

2. Tt is necessary to detem ine the radio loudness of
each AGN and to exclude the strongly radio-loud RL)
AGNs.RL AGN shavem ore com plex m echanisn s ofen—
ergy generation, such as gt em ission, which can obscure
the X ray em ission directly associated w ith accretion
(particularly if an AGN is ocbserved at a am all view Ing
angle). The Faint In ages of the Radio Sky at Twenty—
Centim eters suxvey FIRST; Becker,W hite, & Helfand
1998) was designed to coverm ost of the SD SS footprint
on the sky, providing sensitive 20an detections ( 1m Jy
{ 5 ) and lim its that allow us to exclude strongly RL
AGN s. Som e previous studies lJacked adequate radio cov—
erage and/or did not separate these two AGN popula—
tions.

3. Because we w ish to quantify any evolution of the
m ain intrinsic energy generation m echanisn in AGNs,
it is necessary to exclide AGN s strongly a ected by ab-
sorption. Strong X —ray absorption in AG N s is often asso—
ciated w ith the presence of broad ultraviolet absorption
lines (eg. Brandt,. Laor, & W ill$/2000; |G allagher et all
2002). The large observed wavelength range and high
signaltonoise (S/N) of the SD SS spectroscopy is suf-

cient to nd Broad Absorption Line BAL) AGNs In
40{70% of the samplk (see below ), allow ing us to lin it
the confusing e ects of X ray absorption.

4. Special statistical tools are needed to evaluate cor-
relations when censored data points are present. W e
use the rank correlation coe cientsm ethod described by
Akritas & Siebertt [199€) to determ ine the signi cance of
correlations in the presence ofcensored data points, while
taking Into account third-variable dependencies. U sing
M onte Carlo sin ulations, we con m the robustness of
the correlation signi cance estin ates. W e derive linear
regression param eters in tw o independent w ays, using the
E stin ateand M axin ize €M ) and the Buckley-Jam es re—
gression m ethods from the A stronom y SURvivalA naly—
sis package (A SURV ;[LaValkey, Isobe, & Feigelson 11997;
Tsobe, Feigelson, & Nelsor 11985,11984) .

5. In addition to the use of appropriate statistical
tools, a large detection fraction is necessary to infer re—
liable correlations in censored data sam ples. 1A nderson
1985) and IAnderson & M argorn (1987) outline the bi-
ases that can a ect the sam ple m eans and correlation
param eters as a result of system atic pattem censoring.
O ur current sam ple has 86% X -ray detections (com pared
to 10{ 50% for previous studies). O ne of the assum p—
tions of the statistical m ethods described In (4), which
could be violated, is that the AGN s w ith upper lm is
and detections have the sam e underlying distrbutions
of ox and rest-frame UV Ium inosity. The e ect of this
assum ption is partially alleviated by excliding RL and
BAL AGN s, butachieving a high detection fraction isthe
only de nitive way to suppress the e ect ofthe unknown
and lkely di erent distributions of oy and rest-frame
UV lum inosity or AGN s w ith X —ray detections and lin —
is.
6. The results from statistical analysesm ust take into
account the ndings oflChanan [1983),|La Franca et all
1995), and[Yuan, Sibert, & B rinkm ann [199§) that ap-
parent correlations can be caused by a large dispersion
of the m easured m onochrom atic lum inosity in the op-—



tical/UV relative to the X +ay band. In this work we
use M onte C arlo sin ulations of our sam ple (as described
in Yuar [1999) to con m the robustness of the present
correlations.

7. Unlke previous studies, we m easure directly the
rest-fram e UV m onochrom atic ux at 2500A in three-
quarters of the AGNs com prisihg the SDSS sample,
which guarantees m easurem ent errors of . 10% . This
ism ade possible by the in proved spectrophotom etry of
SD SS Data Relrase Two DR2;AbazaJian et alli2004).

8. Special care is needed to account for the ef-
fects of hostgalaxy contam ination of the rest-frame UV
m onochrom atic ux measurem ents for low-lum nosity
AGNs. The high-quality and large wavelength range of
the SD SS spectra are well suited for this.

9. If several X ray instrum ents or reductions are used
to m easure X ray m onochrom atic uxes, i is necessary
to assess m ission-to-m ission cross—calibbration uncertain—
ties and the e ectsofdi erent reduction techniques. T he
m a priy of the ob fcts in our sam ple com e from one in—
strum ent (the ROSAT Position Sensitive P roportional
Counter { ROSAT PSPC;Pfe_emann et alli1987) and
were processed uniom Iy (see 22), whilk crossm ission
com parisons between ROSAT and XMM -Newton or
Chandra allow estin ation ofthe e ects of inhom ogeneity
caused by m ission-to-m ission crosscalbration issues.

10. Due to the tin ing of m ost previous studies cou—
pled w ith the recent precise determ ination ofthe cosm o—
Jogical param eters, the \consensus" cosn ology used for
lum inosity estim ates has changed. In what follows, we
use the W ikinson M icrowave A nisotropy P rolbe cosm ol
ogy param eters from ISpergel et all [2003) to com pute the
Jum inosities of AGN s: = 0:73, at coam ology, w ith
Ho=72km s! Mpc?.

T he largest optically selected AGN sam ple w ith a high
fraction of X -ray detections (& 50% ) used for establish—
Ing the relationsbetw een optical/UV and X —ray em ission
to date isthe VB S03 sam ple 0f SD SS AG N s in regionsof
pointed ROSAT P SPC observations. TheVBS03 sam ple
consists of 140 RQ AGNs from the SDSS Early D ata
Release EDR;IStoughton et alli2002) w ith a soft X —ray
detection fraction of 50% , supplem ented by higher red—
shift optically selected AGN s. T he second data release of
the SD SS provides a arge AGN sampl ( 9 tin es that
ofthe ED R ) w ith accurate spectrophotom etry, which to—
gether w ith the large m edium -deep RO SAT sky cover—
age, allow s us to in prove the VB S03 study signi cantly
by increasing the detection fraction to > 80% fora sim —
ilar size sam ple, while taking into account the e ects of
host-galaxy contributions in the optical/UV for lower u—
m inosity, nearby AGN s. In this paper we consider in de—
tailthe correlation between rest—fram eUV and soft X -ray
em ission n AGN s and the dependence of 4 on redshift
and rest-frame UV lum inosity in a combined sam ple of
228 AGN sw ith no known strong UV absorption or strong
radio em ission.

2. SAMPLE SELECTION AND X-RAY FLUX
MEASUREMENTS
A s described in detail below, we start with 35,000
AGNs from the SDSS DR2 catalog, of which we select
174 AGNs wih medim desp ROSAT ocoverage In the
05{2keV band. From the initial sample of 174 AGNs
we select 155 by excluiding all BAL and strong radio—

H Seyfert 1s -

30 H —

Main SDSS sample

20

Number of AGN

Redshift
Fig. 1.| The redshift distributions of the m ain SD SS sam ple
(solid-line histogram ), the high-z sam ple (dashed-line histogram ),
and the Seyfert 1 sam ple (block-hatched histogram ). T he hatched
part of each histogram denotes the AGN s w ith X -ray detections.

an ission ob fcts. The X ray detection fraction of this
sam pleof155AGN sis81% ,and we referto this set asthe
\m ain" sam pl. W e supplem ent the SD SS data, which
cover the 02 < z < 35 redshift range, with additional
high— and low -redshift sam ples, thereby also Increasing
the lum inosity range covered at the lowest redshifts. W e
note that allofthem ain results ofthis study can be ob—
tained from them ain sam ple alone and are reported sepa—
rately. The \high—=z" sam ple consists of 36 AGN sw ith 31
X —ray detections from Chandra and XM M Newton cov—
ering the redshift range 4:0 < z < 6:3. The low-redshift
Seyfert 1 sam ple (hereafter \Sy 1") consists 0of37 AGNs
detected with ROSAT and the IntermationalU traviokt
Expbrer (IUE) wih z< 011l. We refer to all AGN s
from the m ain, high—z, and Sy 1 sam pls as the \com -
bined" sample. The combined sam ple consists of 228
AGNswih 195 X -ray detections (86% ).

T he redshift distributions ofthem ain, high-z, and Sy 1
sam ples are presented in F igure[ll. H igh~redshift AGN s
are relatively rare eg., seethe SDSSDR1AGN catalog;
Schneider et al.[2003), and consequently there are only
eight z > 3 AGNs in mediim -desp ROSAT pointings
In our main sampl. The median redshift of the m ain
SD SS sam ple iS Zy eqian = 1:3, com pared tO zy edian = 4D
for the high—z sam ple, and z, eqian = 0:035 for the Syl
sam ple.

21. SDSS Optical AGN Selkction

The SD SS [York et al.l2000) is an im aging and spec—
troscopic survey with the am bitious goal of covering a
quarter of the celestial sphere, prin arily at the N orthem
G alacticCap. AGN s are targeted for spectroscopy based
on a fourdin ensional color-selection algorithm which is
highly e cient and able to select AGN s redder than
traditional UV -excess selection surveys [R.ichardset all
2007,120034;H opkins et alll2004) . A ssum ing that 15%
of the AGN population is reddened, SD SS target selec—
tion recovers about 40% of these reddened AGNs G .
Richards 2004, private com m unication). Figure [ dis—
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Fig. 2 \ Relative g 1icolor, (g 1), vs.apparent i-band P SF
m agnitude for them ain SD SS sam ple (solid circles) in com parison
w ith the fullSD SS DR 2 sam ple (linearly spaced contours enclosing
90% of the data and sm all dots representing the outliers) and 37
AGNs from the BQS sample with SD SS coverage in DR 3 (open
triangles). Theten m ain SD SS sam ple AG N s, w hose relative colors
are additionally reddened by their host galaxies, have their sym bols
enclosed by large open squares. N ote that the m ain SD SS sam ple
is representative of SD SS AGN s in general and that it covers a
di erent range of colors than the BQ S, as shown for the full SD SS
AGN sam plebylJester et all [2008). In the com putation of (g i),
only AGN s w ith point-source m orphology were used to detem ine
them edian g i color asa function of redshift to prevent arti cial
reddening due to host-galaxy contam ination. T his results in poor
sam pling and increased errors at z < 0:08, a ecting 12 ofthe BQ S
AGNs. The fourz> 3:dlmain-sample AGNswith (g 1) values
a ected by the Lym an lim it are excluded.

plays the apparent i-band P oint Spread Function (P SF)
m agniude vs. relative g i colbr, (g 1), constructed

by subtracting the median g i color ofDR2 AGNs as
a function of redshift from each observed AGN color in
ourm ain sam pl Richardset alll20034). This plot was
nspired bylJester et all 2008), who show that the SD SS
AGN survey inclides ob fcts with a much wider range
ofg 1icolorsthan the brightest B band selected AGN s
(even at com parable iband m agnitudes), suggesting that
popular sam ples such as the B right Q uasar Survey sam —
ple hereafter BQ S;ISchm idt & G reen [1983) m ight not
be representative of largerand fainter AGN sam plesw ith
red-band ux cuts ke the SD SS.° Figured show s that
ourm ain SD SS sam ple is representative of SD SS AGN s
In generaland contains substantially redder AG N s than
37 BQS AGNs contained In the SDSS D ata Release 3
DOR3;Abazadian et all 12008) coverage (four additional
BQS AGNs, whose In ages are saturated In the SD SS
exposures, are om itted from thisplot). This colordi er-
ence is caused in part by the shallow B -band cut of the
BQ S survey (sam pling of ainter AGN s reveals both red-

® At low redshift, intrinsically faint A G N sw illhave redder colors
in com parison to bright AGN s due to larger host-galaxy contribou-—
tions, even when P SF m agnitudes are used to estin ate the relative
color. This could a ect 10 AGNs from the main sam ple which
have substantial host-galaxy contributions (as estim ated by their
30gperture spectrum at the end of this section), but it w ill not
a ect signi cantly the BQ S AGN s.

der and bluer AGN s, as the broadening ofthe (@ i)
distribution w ith fainter i show s in Figure[), aswell as
the blueband selection and blue U B cutoftheBQS
Jester et alll2005) .

W e ensure that all SDSS AGNs considered here

were targeted as one of the QSO target subclasses

Stoughton et all12004; Richards et all 12002), excluding
ob fcts targeted sokly as FIRST or ROSAT sources.
The e ciency ofthe SD SS target selection (spectroscop—
ically con med AGN s as fraction of targets) is 66%,
w hile the estin ated com pleteness (fraction ofallAGN s
above a given optical ux lim i In a given area that are
targeted) is 95% forpoint sourcesw ih i< 19:1, which
dropsto 60% forthe high-redshift selection at i= 202
R ichards et all[2004; anden Berk et a1l[2005).7 SD sS
Data Relkase 2 DR2) contains over 35,000 AGN spec—
train 2630 deg? covering the cbserved 3800{9100A re—
glon [Abazajan et alll2004). T he initial sam ple selected
for this work consists 0£174 SD SS AGN s situated in ar-
eas covered by 49 m edium deep (11ksor Ionger) RO SAT
PSPC pointings (see :220).

RL AGNs tend to have higher X way lum inosiy for
a given restframe UV lum inosity (ie. atter ox val
ues) than RQ AGNs. It is believed that the additional
X -ray em ission is associated w ith the radio rather than
the UV oomponent (eg., W orrallet all [1987), so we
need to exclude the strongly RL ob gcts if we want to
study UV X ray correlations and probe the energy gen-—
eration m echanism intrinsic to allAGNs. A llbut three
of the 174 SDSS AGNs in the initial sam ple have de-
tections w ithin 1.5% or upper lim its from FIRST . Based
on the FIRST data and the |[wezicet all [2007) de —
niion of radio-to-optical m onochrom atic ux, we nd
nine strongly RL AGN s. Follow ing [Tzezic et al. 2007),
we de ne the radio-loudness param eter, R, as the log-
arithm of the ratio of the radio-to-optical m onochro—
matic ux:R = bchZOcszi)z 04 @1 m 20 cm ), Where
moem is the radio AB m agniude Qke & Gunn(1983),
Mmoyoem = 250gEF20m=3631Ty]), and i is the SD SS
iband m agnide, corrected for G alactic extinction. W e
set the radioloudness threshold at R = 16, excluding
obfctswih R > 1:6. Two ofthe rem aining three AGN s
w ith no FIR ST coverage have upper 1im its from the Na-
tional R adio A stronom y O bservatory Very Large A rray
Sky Survey NV SS;ICondon et alll1994, w ith typicalsen—
sitivity of 25m Jy for 5 detections) which are consis—
tent with our RQ de niion. The radio loudness of the
rem aining AGN (SD SS J2314+ 1407) is not tightly con-
strained by s NV SS linit R < 1:8). Taking into ac-
count that the NV SS constraint is close to our chosen
threshold of R = 1% and that only 10% ofAGNs are
RL, i isunlkely that thissngle AGN isRL, so we retain
it in them ain SD SS sam ple. E xcluding the strongly RL
AGN s reduces the sam ple 0o£174 to 165 ob Fcts.

The large optical wavelength coverage of the SD SS
spectra allow s identi cation of BAL AGNs at 155 <
z < 480 via C v absorption (\H igh-ionization BALs"
{ \HBALSs") and 0:45 < z < 225 via M g II absorption
(\Low —onization BALs" { \LoBALs"), aswell as weak—
absorption AGN s (ie., absorption not m eeting the BAL

7 This estin ate of com pleteness considers only sources w ith
AGN-dom inated optical/UV  spectra. A dditional optically—
unrem arkable AG N sm ight also be m issed.



criteria ofW eym ann et all[1991). BAL AGNs, wih an
observed fraction 0f10{15% in optically selected sam ples
Foltz et all 11990; W _eym ann et all [1991; M enou et all
2001; ITolea, K rolk, & T svetanov 2007; Hewett & Foltz
2003; Reichard et all|12003H), are known to be strongly
absorbed in the soft X-ray band and thus to have
steep ox valies (eg. Brandt.TLaor,& W ills [2000;
Gallagheret all12007). There are 20 AGNs wih some
UV absorption in the SDSS RQ AGN sampl of 165,
ten of which are BAL AGN s by the traditional de ni-
tion (troughsdeeperthan 10% ofthe continuum , at least
2000km s ! away from the centralem ission wavelength,
spanning at Jeast 2000km s ! ; W _eymann et all [1991).
E ight ofthe BAL AGNsare HBALs (out of a possble
67AGNswih 155< z< 4:80), and there aretwo LoB —
ALs (out ofa possble 116 AGNswih 045< z < 225).
Only three of the ten BA Ls are serendipitously detected
In degper XM M Newton exposures (one LoBAL wih

ox = 1l®andtwoHBAL with o= 17,seex]),
the rem aining seven BALs have oy upper lin its rang-
ing between 14 and 2:0, depending on the sensitiv-
iy ofthe ROSAT exposures. Exclusion ofthe 10 BAL
AGN s reduces the sam ple from 165 to 155 obfcts. W e
expect there to be 8 more HBAL and . 1 more
LoBAL AGNs (fora typicalLoBALHBAL ratio of1:10;
R eichard et all 120030) which we are unable to identify
because of a lack of spectral coverage n the C IV or
M g IT regions. W e will estin ate the e ects of m issed
BALs on our sam pl correlations by selectively excluid—
Ing the stegpest x sources in the appropriate redshift
intervals.

Threequarters of the AGNs (117 ob®cts) In the
main SDSS sample of 155 allow direct m easurem ent of
the rest-fram e 2500A m onochrom atic ux, F (2500A7),
from the SD SS spectrum . SD SS DR2 reductions have
substantially in proved spectrophotom etry relative to
earlier data releases (etter than 10% even at the
shortest wavelengths,? see also x4.1 of Abazajan et
al. 2004) but do not include corrections for Galac—
tic extinction. To correct the SDSS m onochrom atic

ux m easurem ents for G alactic extinction we use the
Schlegel, F inkbeier, & D avis [1996) dust nfrared em is-
sion m aps to estin ate the reddening, E B V), ateach
AGN position® and the Nandy et all [1979) extinction
law with R = Ay=E B V) = 3:14 to estin ate the
G alactic extinction, Ay, as a function of wavelength.
The G alactic extinction correction is < 10% at 2500A
In 80% ofthe cases considered.

T he rem aining quarter (38 ob gcts) ofthem ain SD SS
sam ple AGN s lack 2500A rest—fram e coverage in the ob—
served 3800{9100A spectroscopic range. W e use spectro—
scopic m onochrom atic ux m easurem ents at rest—fram e
3700A (30 AGNswith z < 0:5) and 1470A (8 AGNs
wih 27 z 435) wih the appropriate optical spec—
tral slopes, , @ssum ng F / ©), to determm ine the
m onochrom atic ux at 2500A . Based on over 11,000
AGNsfrom DR2wihboth 1470A and 2500A m onochro-—
matic ux measuram ents, we estin ate that an optical
slopeof o= 0:73 givesthebest agreem entbetw een the

8 Details about the spectrophotometry can be found at

http ://www .sdss.org/dr2/products/spectra/spectrophotom etry htm 1.

° The code is available at
http://www astro princeton edu/ schlegel/dust/index htm 1.
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Fig. 3.| Exam ple high S/N AGN + hostgalaxy decom posi-
tions for two low -redshift spectra w ith dom inant host-galaxy (up-—
per) and AGN (lower) contributions. The original spectrum is
shown with the thick solid line (sm oothed to 11A resolution)
and the eigenspectrum t with the thick dashed line (displaced
by + 5 m onochrom atic ux units for clarity). The AGN and host-
galaxy com ponents are given separately below w ith thin solid lines
and the t residuals are shown w ith thin dotted lines in each case.

direct 2500A and F (1470A )-extrapolated m onochro—
m atic ux measurem ents. This is redder (stegper) than
the \canonical" AGN slope over the opticaland-UV re-
gon of , = 0:5 [Richstone & Schm idt 1198() be-
cause of the presence of the \sn allblue bum p" (see the
discussions on the variation of spectral slope w ith the
rest-w avelength m easurem ent range inIN.atali et alli1994;
Schneider et alli2001; Vanden Berk et alli2001). T he er-
ror of the F (2500A) estin ate due to the FF (1470A)
extrapolation is typically less than 25% . A canonical
slope of , = 05 between 2500A and 3700A pro—
vides good agreem ent betw een the direct 2500A and the
F (3700A )-extrapolated m onochrom atic uxes, based
on 2,400 DR2 AGNswith 05 < z < 0:8. The error
In F (2500A) expected due to variations in the 2500{
3700A optical spe is typically less than 20% . In
addition, because the direct F (2500A) m easurem ent
Inclides a varying contrbution from Fe II em ission,
F (2500A) could overestin ate the true nuclar ux by
10{25% (asdetem ined from 40 Fe IT-subtracted m ain—
sam ple AGN s and com parison ofF (2500A ) and the re}
atively Fe IT-free ' (2200A ) measurem ent of 106 m ain
sample AGNs), lrading to a < 3% errorn ox. The
possble overestin ate of F (2500A ) due to Fe II em is-
sion does not correlate with lum inosity or redshift and
hasnom ateriale ect on the subsequent analysis.

An additional oorrection is necessary for the
F (2500A) estin ates for low -redshift AGN s. If not sub—
tracted, the host-galaxy contributions of the 36 AGN s
wih z < 055 could lkad to potentially large overes—
tin ates of rest-fram e m onochrom atic UV  uxes of the
AGNs. To obtain a reliable estin ate of the AGN con-—
tribution at 2500A forthe z < 055 AGNs, we teach
observed spectrum w ith hostgalaxy plus AGN com po—


http://www.sdss.org/dr2/products/spectra/spectrophotometry.html
http://www.astro.princeton.edu/~schlegel/dust/index.html
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Fig. 4. The rest-fram em onochrom atic UV lum inosities of the
SD SS m ain (circles), high-z (squares), and Sy 1 (triangles) sam ples
vs. redshift. O pen sym bols indicate X -ray detections.

nents. The hostgalaxy and AGN com ponents were
created using the st 3{20 galaxy and AGN eigen—
Spectra obtained from large SD SS sam ples by [Y o et all
200420). In the AGN (hostgalaxy) case, > 90% ofthe
variation is explained by the st ve (three) eigenspec—
tra. Two high S/N example ts are shown in Figure[d.
T he host-galaxy corrections (@asm easured at 37007 ) are
negligble for six of the 36 low redshift AGN s and are

20% for 20 additionalAGN s.

In what ©llows, we use f,5),, = log® (2500A) [Jy))
to denote the Ilogarithm of the restframe
m onochrom atic UV ux at 2500A, and L, =
Iog@ (500A)krgs® Hz ! ]) to denote the logarithm of
the corresponding m onochrom atic lum inosity. The rest—
fram e m onochrom atic UV ux (no band-pass correction
was applied) and m onochrom atic lum nosity (and-pass
corrected) m easurem ents for the main SD SS sam ple of
155 cb fcts are presented in colum ns 7 and 12 of Table[,
w ith the spectroscopic redshift n column 2, the SD SS
P SF i-band extinction-corrected apparent m agnitude in
colimn 13, and the (g i) color in column 14. The
AGNs in Tablk [ are referenced by their unique SD SS
position, J2000: \SDSSJHHMM SS.ss DDMM SSs",
which will be shortened to SDSSJHHMM DDMM
when identifying speci ¢ obfcts below. Figure [4
presents the m onochrom atic lum inosity at 2500A vs.
redshift for the main SD SS as well as the high-z and
Sy 1l sam ples. The selection bias toward m ore lum inous
AGN s at higher redshift is evident.

22. X-ray D etections

In order to ensure a high soft X ray detection fraction
for the optically selected AGN s, we start wih a sub-—
sam ple consisting ofSD SS AGN s falling w ithin the inner
19° 0f 49 ROSAT PSPC observations longer than 11ks.
The median total exposure tine is 16.7ks wih indi-
vidualpointing exposure tin es ranging between 11.8 and
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Fig. 5.| Number of SDSS DR2 AGN s within the inner 19° of
ROSAT PSPC elds (top) and percentage ofSD SS AG N s detected
by ROSAT (pottom ) as a function of the m inimum RO SAT ex—
posure tine. NoRL orBAL AGN s were rem oved. T he estin ates
were done at discrete intervals given by the solid circles; the con—
necting lines are m eant to guide the eye. T he verticaldashed lines
show our choice of m inim um exposure tim e. Our nal detection
fraction (see Table ) is > 75% for a m inin um exposure tim e of
11ks due to the addition of XM M Newton and Chandra detec—
tions. T he hatched region in the bottom plot is an approxim ate
region taken by BA Ls in optical surveys (see x ), bounding the
realistically achievable X -ray detection fraction in optical sam ples
toamaximum of 85{90% .

65.6ksl!? This approach does not introduce biases into
them ain sam ple since the SD SS doesnot speci cally tar-
get ROSAT pointed-observation areas, and we exclide
one SDSS AGN which was targeted asa ROSAT source
but failed the SDSS AGN color selection. At the tine
of w riting, the com pleted RO SAT m ission has the ad—
vantage (com pared to Chandra and XM M Newton) ofa
largearea, uniform ly reprocessed, and validated dataset.
Figure [{ illustrates the tradeo between large sample
size and high X -ray detection fraction of SDSS AGNs
In ROSAT PSPC pointed observations (no BALsorRL

AGNswere ram oved for this plot) . Pointings w ith expo—
suretin es& 1l0ksarenecessary to achieve 70{80% detec—
tions In statistically large sam ples of SDSS DR2 AGN s.
N ote that detection fractions of 100% are unrealistic to
expect w ith serendipitous, m ediim deep, soft X -ray cov—
erage of optical AGN sam ples. Forexam ple,m ost BALs,
com prising 10{15% of optical sam ples, will rem ain X -
ray undetected. In our initial sam ple, none of the ten
known BALs is detected wih ROSAT, and only three
of the ten are detected In deeper XM M Newton expo—
sures. T he highest realistically achievable detection frac—
tion for optical sam ples is 85{90% , com pared to 81% in
ourm ain sample (see 3l . Using the fullPSPC  eld n—
stead ofthe nner 19°would result in a six-H1d increase of
the X -ray coverage area available for SD SS m atches, but
w ith larger uncertainties in the m easured uxes and an

Increased fraction of non-detections. The selected sub-
sam ple contains 155 SDSS AGNs in 49 ROSAT PSPC

10 The e ective exposure tim es for individual sources (given in
Table[) willbe shorter, depending on the source o -axis angle.
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Fig. 6. D istrbution of angular o sets between the SD SS and
ROSAT PSPC positions. The ROSAT PSPC pixel size is 15%,
and allm atches are within 2 RO SAT pixels. The AGN w ith the
Jargest (3300) o set is SD SS J0255 0007, which was also detected

as IW GA J0255.1 0007 within 11® of the SD SS position in the
024{2.0keV 1W GA catalog.

pointings. T he total solid angle covered by the inner 19°
of these 49 pontings is 15 deg® ( 057% ofthe DR2
area covered by spectroscopy). To avoid large uncer-
tainties In the X ray ux m easurem ents due to uncer-
tain source counts, we have excluded two AGN s which
are close to the much brighter X ray source NG C 4073
% and 4° from the pointing center). W e also replaced
theROSAT uxofSDSSJ1331 0150 which 2llsw ithin
the cluster Abell 1750), and those of SD SS J1242+ 0229,
SD SSJ0942+ 4711, and SD SSJ0943+ 4651 (Wwhich had
2{3 detections In the ROSAT 0.5{2keV band), wih
their XM M -Newton detections.

W e perform ed circularaperture photom etry using
source photonsw ith energiesof 0.5{2.0keV to obtain the
count rates. T he exclusion of< 05keV photonswasnec—
essary to reduce the e ects of absorption due to neutral
m aterial poth in ourG alaxy and intrinsicto the AGN s),
soft X ray excesses, and ROSAT PSPC calbration un-
certainties on the m easured ux. T he average aperture
size used was 60%, w ith a range of 45®{90® to accom m o—
date the presence of close com panions and large o -axis
angle sources. T he count rates were aperture corrected
using the tegrated ROSAT PSPC PSF ! The orighal
apertures encircled > 90% ofthe ROSAT wux In 83%
of the cases; all aperture corrections were < 20% of the
m easured count rate. T he background level was deter—
m ined Preach eld from a 14{25 tin es larger area w ith
sin ilar e ective exposure tin e to the source. T he circu-
lar aperture for each source was centered at the SD SS
position in allbut ten cases w here the X —ray centroid in
an adaptively smoothed inage'? was 12 pixels (cor-
responding to  15{30%°) away from the SD SS position.

11

guide/nodel36 htm 1

12 We use the Chandra Interactive
ysis of O bservations (CIAO) task
http ://cxcharvard edu/ciao3.0/ahelp/csm ooth htm 1.
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Fig. 7 | D istribution of X -ray uxes (hatched histogram ) and
upper lim its (open histogram ) for the SD SS m ain sam ple.

T he distribbution of SD SS{ROSAT PSPC o sets (wih
the X ray centroids in the adaptively sm oothed PSPC
Im ages serving as RO SAT positions) for the m ain sam -
pk is shown i Figure[@d. The 33% 0 set n Figure @
is that of SD SSJ0255 0007, wih an o -axis anglk of
18°% which is also detected in the 024{2.0keV 1W GA
catalog'® W _hite et alll1994) with an X ray ux consis—
tent with our m easurem ent, and a positional o set of
11  50%. T order to detem ine the num ber of possi-
ble false SDSS{ROSAT m atches, we extract all unigque
sources w ith o -axis angles < 19° from the f1llRO SAT
PSPC catalog obtained from the High Energy A stro—
physics Science A rchive R esearch Center'? HEASARC)
m edium deep RO SAT pointings. To obtain the expected
fraction of false m atches, we repeatedly shift all SD SS
AGN positions by a random am ount in the range 0.1-
1 and rem atch them wih the ROSAT PSPC catalog.
The falsem atch fraction for SD SS{ROSAT PSPC o —
sets < 40% is < 0:41% (ie. less than one source or the
main SD SS sam pl), which is further supported by our
previous experience (see VB S03).

Tabl[l gives the X -ray observation ID (column 3), ef-
fective exposure tin e (4), o -axis angle (5), total source
counts (6), logarithm of the 05{20keV  ux (8), log—
arithm of the rest frame 2keV m onochrom atic ux {
7 xev , not band-pass corrected (9), and logarithm ofthe
rest fram e 2.0keV m onochrom atic um inosity { L, band-
pass corrected (11) for each source In the main SDSS
catalog. The 0.5{2keV  ux histogram ofthem ain SD SS
sam ple is shown in Figure[l. The soft X ‘ray detection
Jim it forthe nner19° ofthem edium -deep RO SAT obser—
vationsused hereis 2 10 '* ergan 2 s! . The uxes
were estin ated usihgP IM M S*° assum ing a powerdaw X —
ray spectrum w ith photon Index = 2 and the G alactic
hydrogen colum n density obtained byiStark et al. {1997).
P revious studies suggest that AGN photon indicesdo not

13 http://w gacat.gsfc.nasa . gov/w gacat/w gacat htm 1.
14 nttp://heasarc.gsfcnasa.gov/.

15 http i/ /heasarc gsfc.nasa . gov/docs/softw are/tools/pin m s installhtm 1
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vary system atically w ith redshift (eg.,[Page et alli2003;
Vignaliet alll2003), although the scatter ( 0.5) around
the m ean value is substantial for all redshifts. A ssum ing
a constant , when In reality 15 < < 235 for the dif-
ferent sources, a ects our ux measuramentsby . 4% .
Four of the selected 155 SD SS AG N s were the targets of
their respective RO SAT pointed observations m arked
by note 1 in Tabl[). T heir inclusion in them ain sam —
pl could have a smalle ect on the sam ple correlations,
as the our AGN s do not com ply with our selection cri-
teria { optically selected AGN s serendipitously observed
In mediim desp ROSAT pointings. Three of the four
AGN s are not substantially di erent in their rest-fram e
UV and X -ray properties from the rest of the sam ple,
while SD SSJ1701+ 6412 isthe UV -brightest AGN in the
main sample. W e opt to retain the HUr ROSAT targets
in the main sam ple, whik ensuring that their presence
hasnom ateriale ect on any ofour conclusions (see x[3A
and x[33).

A totalof 40 ofthe 155 SDSS AGNs (26% ) were not
detected in the 05{2.0keV band by ROSAT. One of
the 40 SD SS AGN s, SD SS J1400+ 6225, is not detected
by ROSAT but is detected serendipiously on CCD S2
of a Chandra ACIS-S [Gam ireet all 12003) observa—
tion. W e used AC IS Extract Brooset alll2004), which
utilizes Chandra Interactive Analysis of O bservations
CIRO v3.02)'* tools, to estin ate the 0.5{2.0keV  ux.
N ine additional AGN s wih ROSAT upper lin is were
serendipiously detected n XM M Newton [Jansen et all
2001) observations, as indicated n column 3) of Ta—
bl . We use the count rates in the 05{2keV band
ofthe rst XM M -Newton serendipitous source catalog {
1XMM Sscl? W_atson et alll2003), whenever available
(four sources), to obtain the XM M Newton uxes. For
the rem aining ve XM M N ewton detected sourcesw hich
arenot n 1IXMM SSC, we use the source lists provided
by the standard XM M N ewton processing to extract the
05{2.0keV count rates. W hen a source is detected by
m ore than one XM M -Newton European Photon Im ag-—
IngCamera EP IC) Instrum ent [Struder et alli2001), we
average the estin ated uxes weighting by the quoted er—
rors and report the M O S total counts and e ective ex—
posure tin es in Tabk[l. An additional 14 sources de—
tected by ROSAT are also detected by XM M Newton.
The 05{2.0keV  uxes of these 14 AGN s agree w ithin
04 dex (@ factor of 2.5) in 12 of the cases, and the
XMM Newton detections are m ore lkely to be brighter
by 30% . Taking into account that four ofthe ROSAT
detectionsare 2{3 and that AG N sare variable on scales
ofhours to years (see the discussion of AGN X —ray vari-
ability in x[351l), we consider this agreem ent adequate
for inclusion of the XM M Newton detected AGN s w ith
no ROSAT detections into our sam pl.

A total of 14 AGNs In our malh sampl have
XMM Newton (13/14) or Chandra (1/14) detections
replacing the ROSAT upper linis (10/14) or low-—
con dence/cluster-contam inated detections (4/14). The
XMM Newton/Chandra observations could be more
likely to \catch" the SDSS AGNs In a high-lum inosity
state, if the di erence between the ROSAT lim iting ux
and the XM M Newton/Chandra detection ux is su -

16 http://cxcharvard edu/ciao/
17 http://xmm ssc-ww w .Star.e.acuk/new pages/xcat_publichtm 1

ciently small n comparison to AGN varability. Four
ofthe 14 AGNswith XM M Newton /Chandra detections
have uxesabovetheirRO SAT lim its ( 30% higher) and
could have been detected with XM M N ewton /C handra
only because they were in a high-lum nosity state. The
rem aining ten AGNs were detected In m ore-sensitive
XMM Newton/Chandra observations. On account of
these possibl \high-state" detections and the tendency
of some XMM Newton detections to provide brighter
05{2.0keV uxes than the corresponding RO SAT de—
tections, we w ill consider the e ect of excluding all 14
XMM Newton/Chandra detected AGN s on the subse-
quent correlations.

2.3. The H igh-Redshift Sam pke

To increase the redshift and lum inosiy coverage of
the optically selected AGN sample, we add an auxik
iary sample of 36 AGNsat z > 4. These high-z AGNs
were selected from 44 AGN s speci cally targeted for X —
ray in aging with Chandra (19 SDSS AGN s, 16 Palom ar
D igital Sky Survey AGNs; D prgovskiet al. 1998; and
seven AGN s from the A utom atic P late M easuring facik
ity survey, | Trw in, M dv ahon, & Hazard|1991) and XM M —
Newton (2 SDSS AGN s) reported In Tables 3 and A1 of
Vignaliet all {2003). The 36 high-z AGN s were selected
from the original 44 AGN s by excluding three strongly
radiodoud R > 1:6) AGNsand veBAL AGNs. This
sam ple is som ew hat m ore heterogeneous in is optical
selection (although allz < 54 high-z AGN s would have
m ade the SD SS AGN target selection), contains only the
highest rest-fram e UV Ium inosity AGN s, and w as specif-
ically targeted for X -ray observations. C onsequently we
carefully consider the e ect of is addition to the m ain
sam ple on the rest—fram e UV X -ray relations reported
below .

24. The Seyfert 1 Sam pk

A s noted in x[, the signi cance of UV X “ay corre—
lations depends on the range of lum nosities probed for
each redshift. The SD SS selects photom etric targets for
spectroscopic follow -up in two m agniude ranges { low—
redshift targets are m agniude 1im ited at 1 < 19:1 and
high-redshift targets at 1 < 202. M anhly due to the
large solid angle covered by the SD SS, but also on ac-
count of its two di erent optical ux lim its, the m ain
SD SS sam ple probes a lum nosity range of at last an
order of m agniude at each redshift, exocegpt at z . 02
and z & 3. In order to increase the lum inosiy range
for Jow redshift AGN s, we consider an additional sam —
pl of Seyfert 1 galaxies w ith m easurem ents from both
IUWE and ROSAT. The maprity of cbfcts were se—
lected from the Seyfert 1 list ofll alter & Fink [1993) to
have direct m onochrom atic ux m easurem ents at both
2675A and 2keV (see their Tablk 1) and L (2500A) >
107 ergs* Hz ' . NGC 3516 [Koinan et alll1993) was
added to the W alter & Fink ({1993) Seyfert 1 list, and
the IZw 1 measuram ents were replaced with recent,
m ore accurate estin ates from |Gallo et all [2004). The
m onochrom atic ux m easurem ents at 2675A were not
corrected for host-galaxy contam ination, which we ex-—
pect to be an all at this wavelength for m ost sources.
W e inspected visually a few high S/N IUE spectra
w hich showed no strong host-galaxy features. To exclude
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Fig. 8. The 2kev vs. 2500A m onochrom atic lum inosities

for the SD SS m ain sam ple (solid circles), the high-z sam ple (open
squares), and the Syl sam ple (open triangles). A rrow s indicate
upper lim its. The solid line is the best- t linear relation for the
com bined sam ple: Ik = 0:648L;v + 6:734, and the dotted line is an
arbitrarily nom alized line w ith a slope of one.

strongly radio-loud ob Ects we consider only Seyfert 1s
withL (GGHz) < 10°W Hz',whereweusethe5GHz
uxes from W_alter & Fink [1993) and additionall 4GHz
uUx m easurem ents (extrapolated to 5G H z) from NED 8,
and exclide all Seyferts w ith unknown radio ux from
FIRST orNVSS.Our nalSeyfert 1 list consists of 37
AGNs. This sam pk isnot biased in the sense that it n—
clides only X -ray detections ofknown optical AGN s. Tt
is not, however, purely optically selected; consequently,
we evaliate all correlations w ith and w ithout the Syl
subsam ple, to control for any possible system atics.

3. CORRELATION ANALYSIS
31. D etection Fractions

A high X-ray detection fraction, which m inim izes
the e ects of systam atic pattem censoring and statis—
tical assum ptions, is essential for accurate determ ina—
tion of AGN UV X -ray properties (see x[l). As can
be seen in Figure [, most sources with F g 52xev)>
2 10 ' ergan 2 s?! are detected for an overall detec—
tion fraction 0f126/155 (81% ) In them ain SD SS sam ple.
The X ray detection fractions (X -ray detected vs. total
num ber) forthem ain, high-z and combined (m ain, high—
z,and Sy 1) sam ples are given in Table[dl.

32. M onochrom atic O ptical/UV and X -ray
Lum inosities

Figure B shows the relation between the 2keV and
2500A m onochrom atic lum inosities. The correlation is
signi cant at the 115 (74 ) lkvel, after the redshift
dependence of both quantities and all upper lim its are
taken into account for the combined sam ple 0f228 AGN s
(the main SDSS sampl of 155 AGNs). The partial
K endall's correlation coe cient (lAkritas & Siebertti1996)

18 nttp://nedwww .dpac.caltech .edu/
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s 12,3=038 ( 12,3=028) forthe combined m ain) sam -
pl (sce Tablk[).

In order to test the partialcorrelation m ethod, we cre—
ated m ock datasets w ith variable dispersion and strong
redshift dependence. W e consider cases of (1) no rela-
tion between the dependent and independent variables
and (2) a lnear relation between the dependent and in—
dependent variables. In both cases we assum e that the
UV m onochrom atic lum inosiy is a polynom ial fiinction
of redshift w ith a lum inosity range of about an order of
m agnitude at each redshift, which inclides a nom ally
distribbuted dispersion W ith standard deviation equalto
the observed regression residuals from Table[l) to both
the UV and X -ray m onochrom atic um inosities to sim u—
late the uncertainty due to variability and m easurem ent
errors. The \true relation" simulation further assum es
that Eqgns. 1{3 given below hold, w hile the \no relation"
sin ulation assum es that the X ray m onochrom atic u—
m nosity is a di erent polynom ial fiinction of redshift.
W hen we m atch the observed redshift distrdbbution and
num ber ofX —ray upper lin its, wecon m the existence of
the m ock-lnear relations w ith sim ilar statistical signi -
cance to the signi cance found forthe realdatasets, 12{
14 in them ock-combinedand 8{10 in them ock-m ain
sin ulated sam ples, weakly dependent on the ratio (vary-
Ingbetween 0.5 and 2.0 in our sim ulations) ofdispersions
assum ed for the dependent and independent variables.

For \no relation" sin ulations, spurious correlations of
up to 4 In themock-main and up to 7 in the m ock—
com bined sam ple are possble. T he apparent high signif-
jcance of the \no—+elation" sin ulations is caused by our
lack of know ledge of the true m ean dependence of the
m onochrom atic um nosity on redshift n the UV and X —
ray bands separately, combined w ith the cbservational
constraint on the range of lum inosities probed at each
redshift. The sinulation set-up is further a ected by
the fact the observations constrain only the totaldisper-
sions along the L { L+, v {2z, and L {z relations, w ithout
strong constraints on the contribution of variability and
m easuram ent error. By necessity, the polynom ial tswe
use in the smmulation to represent the mean L, {z and
1 {z relations are very sin ilar, and consequently sim ula-—
tions w ith signi cant spurious correlations are possble.
However, In no sin ulation where we m atch the observed
lv{z and L {z distrbbutions (in both their m ean rela—
tions and dispersions) aswellas the observed 1, {1, dis—
persion, are the \no relation" correlations found signif-
icant enough to cause the observed L {1, correlations.
A dditionally, In all sin ulated cases the signi cance of
the \true relation" sim ulation is su ciently higher than
the corresponding \no relation" case, allow ing for easy
distinction between the two. Consequently, we are con—
vinced that 115 (74 ) level correlations found for the
com bined (m ain) sam plesare unlkely to arise on account
of the strong redshift dependence of the UV and X -ray
m onochrom atic lum inosities.

T hebest- t relations, assum ing no redshift dependence
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(see the discussion below ), are

L (v)= (0645 0034)L,,+ (6:851 1:036)
mah sample (1)
L uv) = (0639 0:0206)L,+ (7:026 0:=804)
main+high-z @)
L (v) = (0648 0021)L,+ (6:734 0:643)

man+highz+ Syl  (3)

(the excess precision quoted is usefiil or plotting pur-
poses). In all cases the ts given above were obtained
using the EM algorithm for censored data from ASURV;
the Buckley-Jam esm ethod from A SURV retums resuls
consistent within 1 . T he resulting slope is less than one
In allcases, m plying a changing ratio between the 2keV
and 2500A m onochrom atic um inosities w ith rest—fram e
UV 1um inosity. The residual scatters around the lnear
relationships are 039, 037, and 036 (in log unis) for
the m ain, m ain+ high-z, and com bined sam ples, respec—
tively (see Tablk[l). Removing the four AGN s which
were targets of RO SAT pointings or the 14 AGN s w ith
XMM Newton/Chandra X +ay photom etry, has no m a—
terial e ect on the param eters of the linear regression
and only slightly decreases the signi cance of the cor-
relation (on account of the decrease in sam ple size and
the consequent slight Increase in the fraction of upper
Iim its when & 10 detections are excluded). In order to
check for any e ect ofthe unidenti ed HiBALs/LoBALs
ram aining in our sam ple, we exclude the 9 stegpest o«
sourcesw ih z < 155 from them ain sam ple before per-
form Ing the correlation. The lnear regression param e—
ters for the m ain sam ple rem ain unchanged w ithin the
quoted errors, wih L = (065 0:03)L,+ 68 120).
Sin flarly for the com bined sam ple, assum ing a 10% ob-
served HBBAL fraction and taking into acocount that
there are 146 AGNs without C IV coverage, we ex—
clide the 15 stespest ,x sources wih z < 155 or
z > 48, before repeating the correlation analysis. W e
ndl = 063 0:02)L,+ (73 0:6),consistentw ithin
1 wih Egn. 3 above. Removing an additional 10
SDSS AGNs from the main sampl wih some UV ab-
sorption which do not satisfy the BAL criteria (see
x 1) also has no e ect on the correlation param e—
ters, yielding k = (065 0:04)L,+ (67 1:1). Con-
straining the lnear regression to the 81 AGNs wih
155 < z < 480, where BAL AGNs are easy to ex—
clide using the absorption blieward of C v, we ob-
tain a slightly shallower slope for the L {l,, correla—
tion, I, = (0558 006)L,+ (88 1:8), consistent with
Eagns.1{3wihin 1 .

In order to probe the e ects of any dust absorption
in the restframe UV on the L {l, relation, we use
the relative g 1 AGN color, (g 1i). Richardsetall
20032) have shown that a (@ 1) vs. z diagram,
lke the one presented in Figure [d, can be used to
de ne a dust reddened AGN subsample (to the right
of the dashed line, see their Figure 6). Excluding
the 17 AGNs considered dust-reddened according to
Richards et all [20034) de nition has no e ect on the
param eters of the L {1,y correlation in them ain sam ple,

L= (065 0:04)L,+ 68 11).
33. ox { primnary dependence on lum inosity rather
than redshift
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Fjg.9.\ Positions ofthem ain-sam ple AGN s in the relativeg 1

color, (g i) vs. redshift diagram . T he dashed line represents

SM C type reddening as a function ofredshiftwith E 8 V)= 0:04
shifted redward by 0.2 to satisfy theR.chards et all [20034) dust—
reddening de nition. AGN s to the right of the dashed line can
be considered to be dust reddened (see Figure 6 oflRichards et all
20032). N ote that the Lym an lim it a ects the g m agnitudes of the
fourAGN swith z > 3:l, rendering their relative colors unreliable.

D istrdbutions of oy are presented in Fiqure[Id for the
main SDSS (top) and the high-z and Sy 1 (oottom ) sam —
pls. Themain SDSS samplkhasamedian . = 151,
compared to ox = 172 for the high-z sam pl and

ox = 134 for the Syl sampl. In addition, as can
be seen from the num bers on the top ofeach bin In the
top histogram of F iqure[[d, lower m onochrom atic um i-
nosity AGNs (v < 305, kft number) have atter o
Indices com pared to higher m onochrom atic um inosity
AGNs (v > 3035, right number). It is therefore ap-—
parent that oy is correlated w ith rest—fram e m onochro—
m atic UV lum nosity and/or redshift. W e w ill show be-
low that the prin ary dependence of x is on rest-fram e
m onochrom aticUV lum inosity, while the redshift depen—
dence is insigni cant.

Figures[[l and [[J present the ,; dependence on L,y
and redshift!® The optical/UV -toX ray index oy de-
pends prin arily on 1, wih a linear partial correlation

coe cient of 133 = 033 (12,3 = 0:30) at a signi -
cance levelof10.6 (74 ) forthe combined (m ain) sam —
pl. Tabl [ presents the partial correlation statistics
for various AGN subsam ples. Taking into acocount that
the ox{z correlation coe cient changes from negative

fm ain and m ain+ high-z sam ples) to positive (combined

sam ple), and that the correlation signi cance level is al-
ways < 1l:d , ourM onte Carl sin ulations suggest that
any apparent correlation could ariseby chance due to the
third variabl (L) dependence. To illustrate this using
the com bined sam ple, we show in F igure[l3 the residuals

19 The rank correlation analysis used in this paper ism ore gen—
eralthan linear correlation m ethods. T he \rank coe cient" is con—
structed by com parison of all possible pairs of points, considering
their relative positions rather than exact values. Consequently
the correlation results are una ected by the choice of z instead of
log (1 + z) as the independent variable.
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on the top of each bin in the top histogram give the num bers of
AGNswih Iyv < 30:5 (left) and Iyv > 30:5 (right) in that bin.

for an assumed ,x dependence on a single param eter {
;v In the top panel and z in the bottom . The struc-
ture ofthe residualscon m sthatan oy dependence on
Lv only is adequate to describe the observed variation
In ox, whilk a redshift dependence alone is inadequate
(@s shown by the system atic residuals). In fact, ifwe at—
temptto ta relation ofthe form, o =ALy+Bz+ C

to the combined sam ple, the result isa twih B equal
to zero w thin the errors. T he linear regression ts, tak—
Ing into acoount the ox upper lin its and ignoring any
redshift dependence, are

ox uv) = (0136 0:013)L,+ (2630 0:398)
main samplke @)
ox uv) = (01239 0:010)L,+ (2:703 0:309)
m ain+ high-z (5)
ox hv) = (0136 0:008)L, + (2:616 0249)

m ain+ high-z+ Sy 1 (6)

(the excess precision quoted is useful for plotting pur-
poses). The residual scatter around the lnear relations
is 014 in log units for all samples. The ox{Lv slopes
for all sam ples are consistent w ith those Inferred from
the L {1,v regressions in x[3A.

C om parison w ith previouswork isnot entirely straight—
forward, since the sam ple selections, X -ray detection
fractions, pattem censoring, and control of other sys—
tem atics in previous studies di er substantially from
those presented here. W_ikes et all [1994) obtain  ox {Liv
slopes ranging from 0:1 to 02 for variousAGN sub-—
sam ples, selected from a heterogeneous and incom plete
sam ple 0of343 AG N s, them a prity ofw hich were optically
selected and observed with Einstein. For a subsample
0f272 RQ, kv > 290 AGNs, W_ikeset al [1994) nd

ox / (015 003)Ly (see their Figure 14a), which is
consistent w ith Egns.(4){ (6) above. |Green et al. [1999)
use a stacking technique to obtain an oy {1v relation for
908 Large B right Q uasar Survey AGN swih RA SS cov—
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erage, only 10% ofwhich have X ray detections. B inning
In um inosity and redshift, and assum Ing no redshift de-
pendence, they obtaln o / (008 0:02)l,which is
consistent w ith our results w ithin 3 , but the com pari-
son is Inappropriate since their sam ple ncludesboth RL
andBAL AGN s. The correspoonding slope forthe  ox { Ly
relation found by VB S03 and updated by Mignaliet all

2003) is 0:095 0:021 forthe SDSS EDR sam ple, sig—
ni cant at the 3{4 lvel The higher signi cance ofthe

ox { sy anticorrelation found in our new sam pl isa re—
sul ofthe Increased m onochrom atic lum nosity and red—
shift coverage, as well as the Increased X -ray detection
fraction;the2 di erenceinthe o {lv slope isprobably
caused by the higher fraction ofX -ray upper lin is in the
VBS03 sample ( 50% in VBS03 andV ignaliet all2003).
A side from the higher statistical signi cance of our cur—
rent results, we also consider them to be less prone to
system atic errors of the type described in x[I.

Based on the o ox (iv) residuals, we can es—
tin ate the maximum possble residual dependence of

ox on redshift and the corresponding m aximum pos—
sble variation of the ratio of UVtoX-—ay ux, r =
F @500A)=F @ke&V). Using the K aplan-M ejer estin a—
torm eans ofthe 4 ox (uv) residuals in nine redshift
bis (see Inset plot in the top panel of Figure [3), we
obtain the weighted linear regression h oy ox uy)i=
(0005 0:012)z+ ( 0010 0:023). The slope is con—
sistent w ith zero, which again indicates that there is no
need for an additional redshift dependence. A ccording
to the above linear regression, we expect ox to vary by
no m ore than 0.03 between the redshifts 0of 0 and 5. By
de nition, r= F (2500A)=F (keV) = 102%%¢ ox, and
di erentiating this w ith respect to x, we have r=r =
2606 (  ox) Jog, (10) 6( ox) 02, or o = 0:03.
This In plies that the ratio of rest-fram e UV -toX ray

ux could only change by . 20% w ih cosn ic tim e from
z 0 5. Sinilar analysis applied to the o« ox (2)
residuals (see inset plot in the right panel of F igure[[3)
con m sthat redshift alone cannot be responsble forthe
observed variation In  ox. The ox ox (z) residuals
show a system atic variation of 02 between m onochro-
m atic um nosities L, = 285 and L, = 31:8.

Figure [[4 shows the distrbutions of o, ox (av)
residuals, adjasted for the lum inosity dependence of o«
(using Eqn. 6), for both the combined sample and a
155 < z < 48 subsampk (or which all HBALs can
be identi ed using SD SS spectroscopy). Both distribu-
tions have been rescaled to N = 228, the total num ber
0ofAGN s In the com bined sam ple. T he slight tendency of
the com bined-sam ple distrbution tow ardsm ore negative

ox ox (v) values is probably a result ofthe 9{15
unidenti ed BALs which rem ain in the sam ple due to
lack of C Iv spectroscopic coverage or z < 1:55 and
z > 4:8. Proper comparison (ie. one that takes into
acocount the upper lim its) of the two distrbutions w ith
G ehan and logrank tests from A SURV show s that they
are indistinguishable, n plying that our com bined sam —
ple doesnot contain m ore than a few percent obscured or
X -ray weak AGN s. T he dotted curve in the top panelof
Figure[[d is a G aussian representation of the com bined—
sam ple residuals wih a mean of 0.017 and a standard
deviation of 011 (com pared to 0.14 ocbtained from the
linear regression ofthe com bined sam ple). T he G aussian
param eterization provides a reasonable representation of
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Fig. 11.\ Top: ox dependence on the 2500A m onochrom atic
lum inosity. The m ain sam ple is given w ith solid circles, the high—z
sam ple w ith open squares, and the Sy 1 sam ple w ith open triangles;
arrow s in the top panelindicate 2 keV upper lim its. T he solid line is
the linear relation found for the com bined sam ple Egn. 6), and the
dotted line is the corresponding relation from [V.ignaliet all 2003,
their Egn. 4). T he anticorrelation is signi cant at the 10.6 level
for the com bined sam ple. Bottom : K aplan-M eier estim ator of the
mean ox as a function of I;y. The numbers at the top indicate
the centers of the ;v bins and the num ber of lim its vs. the total
num ber of AGN s in each bin.

the residuals in both the cbserved (shown in Figure[l4)
and the binned di erential K aplan-M eier distridbutions.
Tt is unlkely that we can determm ine whether a di erent
param etric distrbution (eg. a Lorentzian) w ill provide
a better t, since the tails of the distrbution are uncer-
tain due to the am all number of ob fcts. There is no
evidence of signi cant skewness of the ; distrbution,
after correction for the lum nosity dependence of oy . If
a signi cant num ber of cbscured AGN s rem ained in our
sam ple, we would see an extended leftward tail of the

ox ox (iv) residuals (if the absorbed AGN s had X —
ray detections, as In Figure 1 oflBrandt, L.aor, & W ills$
2000), ora signi cant skew ness ofthe distribution ifonly
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Fig. 12.] Top: The correlation of ox with z isonly 1

signi cant if the lyv dependence is taken into account (see x[Z3).
Bottom : K aplan-M eler estim ator ofthem ean ox as a function of
redshift. Symbols and num bers are as in F igure[[]l.

upper lim its were available for the BAL AGNs. W e sus—
pect that the skewness of the ; distrdbution seen by
Avni& Tananbauml (1986, seetheirF igure 1, w ith the x—
axis reversed) isa result ofthe presence of obscured (@nd
possbly a larger fraction of RL) AGN s In their sam ple.
The bottom panel ofF igure[[d presentsthe o h oxi
residuals,whereh ,i= 1:514 isthe K aplan-M eler av-
erage of the com bined sam ple, assum ing no 1, and no
redshift dependence. The broad distrlbbution is a result
of ignoring the ox {Lv anticorrelation in a sam ple w ith
a large range of lum inosities.

Egns. 4{6 show that, w ithin the quoted uncertainties,
the sam e slope and intercept orthe o {1y relation are
present for the m ain, m ain+ high-z, and combined sam -
pls. As detailed in x 37, these param eter estin ates
are also una ected by the exclusion of the 14 XM M -
Newton /Chandra detected AGN s, the our ROSAT tar—
gets, the 9{15 steepest x AGNs (@t the appropriate
redshifts) to check for any e ect of the unidenti ed H i



05 o(l,)=-0136l,+2.616 -

o<<:t><40<o><(‘uv)

Redshift

T ‘ T 1T ‘ T 1T ‘ T T ‘ T ‘ T 1T

05+ «qa (z)=—0.085z-1.374 —

L . J o |

L 1% . i

7;. b i

T ol X

~ N B -
s - i
\X L v _
s r . b
05 - 0.2 FTTTTTTITT T
r 0.1 ElR

L E %‘*—E;\ N [ g

L O Tr=y—_—__ 3 |

-01F Pt 4]

bk 02BEL

L 28 29 30 31 32

L | ‘ Ll ‘ Ll ‘ L1l ‘ L1 ‘ Ll
28 29 30 31 32 33

1,,(25004)
Fig. 13.\ Single-param eter t residuals for an ox depen-—

dence on l;y (top) or z (oottom ) for the combined sample.
T he system atic residuals in the right plot support the idea that
redshift alone cannot be responsble for the observed variation
in ox. Symbols are as in Figure [[Ql. The small inset plots
in each panel give the Kaplan-M eier estim ators of the m eans
of the ox ox (uv) (top) and ox ox (z) (bottom ) resid—
uals in the sam e redshift and m onochrom atic lum inosity bins
as in Figures and [, respectively. The dashed lines in
each inset plot correspond to the weighted linear regression ts,
h ox ox (luv)i= (0:005 0:012)z+ ( 0:010 0:023) (top) and
h ox ox (z)i= ( 0:039 0:020)Lv + (1:184 0:603) (oottom ).

BALs, an additional 10 AGNs wih some UV absorp—
tion, or the 17 AGN s considered dust-reddened by the
Richards et all [2003&) criterion. The strength of the
correlations is slightly lower (72{94 Ivel for the dif-
ferent sam ples) ifthe 14 XM M Newton/Chandra AGN s
are exclided, since this decreasesthe sam ple sizeby 7%

and the detection fraction by 1{2% . Ifwe do not cor-
rect for the host-galaxy contam ination in low —lum inosity
AGNs from themain SDSS sam ple, Egn. 4 above would
have a som ew hat shallowerslopeof 0:128 0:014and an
Intercept 0£2:377 0:417. The e ect is In the expected
direction (taking into account the arti cial increase in
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Fig. 14 | D istrbutions of the ox residuals after adjusting for
the v dependence (top) or the average ox (pottom , assum ing
no lyv or z dependence). T he hatched histogram in the top panel
represents the 228 AG N s from the com bined sam ple; the open his-
togram represents the 81 AGNswith 1:55 < z < 4:8 (nom alized
toN = 228 for com parison), forwhich allBAL AGN s can be iden-
ti ed using the SD SS spectroscopy. The dotted G aussian shown
in both panels is centered at ox ox (uv) = 0:017 and has a
standard deviation of 0.11. T he two num bers on the tops of som e
histogram bins show the number of AGN s in each bin with X -ray
1im its in the com bined sam ple (left num ber) and the 1:55< z< 4:8
subsam ple (right num ber, no nom alization was applied).

v and steepening of oy Porthea ected AGN s), and is
size (. 1 ) isdetemm ined by the fact that only 17% of
the 155 SD SS AGN s have hostgalaxy correction > 5% .
Even ifall Sy 1 AGN s need sim ilar host galaxy correc—
tions, theire ect on the ox {4 anticorrelation param —
etersw illbe equally an all, asthey represent only 16% of
the full sam ple (37/228).

Figure [Q presents the 4 ox (duy) residuals of
the main SDSS sampl vs. the redshift-corrected g i
color, (@ 1i). Although the redder SDSS AGN s wih

1) > 0 appear to be m ore lkely to have oy lin—
its rather than detections (partially because they have
fainter i magniudes; see Figure [)), no trend of the
K aplan-M elerestin atorsofthem ean ox ox (v ) resid—
ualsisapparentwhen webin thedata n our (g i) bins
(selected to have equalnum bers ofob fcts). A Spearm an
test on the individual data points retums a correlation
coe cient of 0.14 wih an 8% probability of the null
hypothesis (ho correlation) being correct. W e conclude
that any dust-reddening dependence of ¢ (in addition
to the 1,y dependence) m ust be weak forthem ain SD SS
sam ple, at least over the (g 1) range where we have
signi cant source statistics.

34. Isthe ox{lv Reltion Non-linear?

Som e studies of optical/UV and X —ray em ission from
AGNs suggest a possble non-linear dependence of

ox On 1, MW _ikesetall [1994; |]Anderson et all 12003).
W_ikes et all [1994) observe that the oy {1 correlation
found for the E instein quasardatabase, o / 011k,
hasa atter slope, ox / 008y, if the samplk is re—
stricted to low —um nosity ob ctsw ith L,y < 29:5.W hile
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Fig. 15 | Single-param eter t residuals foran ox dependence
on lyy (from Egn. 6) vs. g i) for the main SD SS sample
(solid circles). The fourz > 3@l mainsample AGNswih (g i)
values a ected by the Lym an lin it are excluded. A rrow s indicate
X -ray upper lin its. The K aplan-M eler estim ators of the m ean

ox ox (luv) In ur (g 1) bins, given w ith lJarge 1lled squares,
show that ox ox (lav) is not strongly correlated with (g 1)
over the range w here we have coverage.

the authors cannot rule out a non-lnear relation, they
suggest that the di erence In slopes is lkely caused by
the varying host-galaxy contribution to the 1,, m easure-
m ent at low redshift which isaccom panied, as expected,
by a larger scatter in oy ). IAnderson et all [2003) also
report an observed tendency toward a non-linear ox { L
relation (note that they also use the term \non-linear"
to refer to the fact that the slope ofthe linear L {1, rela—
tion is lessthan one). ThelA nderson et all [2003) sam ple
contains 1158 bright ROSAT A llSky Survey RASS)
selected AGN s w ith broad-line SD SS counterparts. T his
sam ple is not optically selected; in fact it provides X -
ray uxes foronly 10% ofall SDSS AGNs, the ma—
prity of which are at low redshifts (z < 1). The goal
of the |lA nderson et all. [2003) paper was to present the
rst installn ent of a RASS-SD SS catalog; consequently
the presented analysis of the ox {1y relation, as stated
by the authors, was not Intended to be conclusive. T he
e ectsnot taken into account inclide sam ple selection bi-
ases, the statisticalm ethod which did not consider third—
variable dependencies or the e ect ofunidenti ed BALs,
and the e ects of the varying dispersions in the opti-
cal/UV and X -ray bands (see x[33). To our know ledge,
there is presently no conclisive evidence for a non-linear
ox {luv correlation.

From Figure[[d], it appearsthat the o4 {1y correlation

m ay be non-lnear, w ith a atter slope for 1,, . 305 and
a stegper one at higherm onochrom atic Ium inosities. W e
checked this by perform ing linear regressions separately
for tw o subsam pls, separated at L, = 305. The resuls
shown below are based on them aint high-z sam ples, ex—
cliding the Sy 1 sam ple which is not optically selected;
the com bined sam ple gives qualitatively the sam e resuls.
W e obtain a slopeof 0:09 0:02 forthe 1, < 305 sub-
sample, and 0:13 0:02 for the L,y > 305 subsam ple.

Tt appears that the slopes are di erent at the 2 Ilevel
From Figure[[d], themain SD SS sample has ve outlier
points at low m onochrom atic um nosities W ih 1, < 29
and ox < 1:46),which could have In uenced the anti-
correlation found for L, < 305 AGNs. If we exclude
those points and repeat the analysis, we obtain slopes of
012 002 and 0:13 002 for the L, < 3035 and
Lv > 305 subsam ples, respectively, Im plying that the
di erence in slopes is lkely an artifact ofthe addition of
the wve outlier AGN s rather than dem onstrating a real
di erence. The ve outliers are all nearby AGN s, w ith
z < 022, and m ost ofthem are probably X -ray absorbed
Seyferts. Exclusion of the wve outlier AGNshasa l
e ect on the regression param eters in the com bined sam —
ple, steepening the slope from o, / ( 014 0:01)L to
ox / (015 0:01)1,. W e conclude that the present
sam pledoesnot o ersigni cant evidence fora non-linear
ox {lhv relation.

3.5. Validating the Slope of the 1 {1, Relation

Chanan (1983, C 83),lLLa Franca et all (1995, F 95), and
Yuan, Siebert, & Brinkm ann [199€, Y SB 98) explore the
possibility that the intrinsic L, {1, relation has a slope of
one. They propose that a larger dispersion in the rest—
frame UV (rlative to the X -ray) m easurem ents, com —
bined wih the steep bright-end UV lum inosity func-
tion, conspire to produce an L {1,y relation w ith a slope
an aller than one and an apparent o {L, correlation.
Both F95 and Y SB 98 assum e G aussian distributions of
uncertainties independent of lum inosity or redshift for
L and 1, . They take the observed dispersion around a
Iinear L {1 relhtion to be 04{0.5 in log unis, corre—
soonding to a dispersion 0of 0.15{02 in the x{kv rcla—
tion. This is presum ably caused by dispersion in the
optical/UV and X ray m easurem ents due to m easure—
m ent error, variability, and intrinsic dispersion (related
to di erences In accretion m odes and the conditions in
the mmediate AGN environm ent as well as the galaxy
host). In order to t their Einstein data wih a linear
1 {1+ relation, F 95 require a dispersion in the rest—fram e
m onochrom aticUV Ium inosity of , 034 In logunits
(corresponding to 0.85m ag); the known causes of un—
certainty in their sam ple (ie. optical/UV photom etric
m easurem ent error, assum ed constant optical/UV spec-
tralslope, and AG N variability) account foronly 0.5m ag.
Thus, the F95 conclusions depend on the assum ption
that the extra scatter observed around the lnear L { L
relation is due to extra dispersion in the optical/UV .

Y SB 98 and[Yuan [1999) also assum e that the observed
digpersion in the L {1y relation is largely due to G aus—
sian uncertainty in the optical/UV . In the notation of
Yuard [1999), given intrinsic m onochrom atic lum inosi-
ties of §k and Ly modi ed by m easurem ent-error, vari-
ability, and intrinsic) scatters of 1L and L, the ob-
served m onochrom atic lum inositiesare , = L + L and
v = kvt Lv.Thescatters 1 and 1,y areassum ed to
be independent of um inosity and redshift and well rep—
resented by G aussian distrbutions w ith zero m eans and
standard deviations of ; and 4y. YSB98 and [Yuan
1999) caution that a spurious ox{Ly relation could
arise for sam plesw ith large optical/UV dispersions W ith
optical/UV -+to-X —ay dispersion ratio, R w= x> 1)
and intrinsic bright m onochrom atic lum inosity lim its of
¥ = 315, In their scenario, the steep brightend u—

v



m nosity function produces an e ective bright 1,, cut-
o , which together wih the large optical/UV disper-
sion distorts the 1 {1, distrdution, inducing an appar-
ent correlation w ith slope sn aller than one (seeF igure 5a
of Y SB98). A ssum ing a m axin um observed m onochro—
m atic um hosity lim it of I 2% 33 (corresponding to
the most powerful AGN s found in m any surveys), the
intrinsic m onochrom atic um inosity lim i I ** is ainter
by luv, iey, Ir;vax = I;lvax + lyy, wih 14 gjyen by
Egn. B3 oflYuan (1999):

(o 1)(IM10)R? (2605 ,)? 5

lyy = Y = 2(, 1)ymio:
(7)
Here is the standard deviation of the observed

oxX
dispersion around the lnear ox{L, relation and . is

the slope of the optical lum nosity function (/ L °,

o= 3 4). From Egn. 7, a hrge ,, combined wih
a steep bright-end lum inosity—-function slope (larger )
can cause a large di erence betw een the observed and in—
trinsicm axin um m onochrom atic um inosity (large 1l,y)
and biasthe L {1,y slope. Asde ned InYuan [1999), uv
is related to and R by:

ox
S

1

1+ RZ 8)

P—
ox = 0:3838 2.+ 2=0:3838
For a given observed ,, larger optical/UV -to-X -ray
digpersion ratiosR are equivalent to a larger fraction of
the observed digpersion being attributed to the disper-
sion in the 1y measurem ent, .y, and potentially larger
bias a ecting the the 1 {1, correlation. F95, Y SB 98,
and [Yuan [1999) take the observed ., estin ate the
dispersion in the X ray m easuram ents, and assign the re—
m aining observed dispersion to the rest-fram e UV band,
assum Ing no intrinsic X +ray dispersion. Since the esti-
mated , wastypically much less than the cbserved dis—
persion around the linear o {lv &R > 1 (sceEqn.B)
gives rise to an 1 {1, correlation w ith slope lessthan one
and an apparent ox{ly correlation. In the follow ing
subsections w e consider the sources of dispersion in both
the rest-frame UV and X -ray m onochrom atic lum inosi-
ties and con m that the L {1, correlation has a slope
of 065 orallrealisticR  values in our sam ple.

3.51. D igpersion of the L and l,; m easurem ents

T he dispersions of the 1, and 1, estin ates, assum ing
no Intrinsic dispersion, ie., Ly = AL + C,where A and
C are constants independent ofm onochrom atic lum inos—
iy or redshift, can be attributed to m easurem ent errors
and AGN variability. AGN varability is a function of
both wavelength and AGN lum nosity, and it a ectsour
results since the optical/UV and X <ay observations are
not sin ultaneous. For our sam ple, the ROSAT obser-
vations w ere taken between 1991 and 1993, the Chandra
and XM M N ewton observationsbetween 2000 and 2002,
and the SD SS observations between 2000 and 2003; the
tin escales of interest are thus of order 0{12years (cor-
responding to rest-fram e tim e lags of 0{12years). The
optical/UV variability structure function ofAGN s show s
signs of attening for tim e lags of > Syears, at a value
of 03mag for measurem ents at 2500A of a typical
SD SS AGN with an absolute i-band m agnitudeM ; 25

Tvezic et alll2004;Vanden Berk et alli20042). A 2500A

15

variability am plitude of 0.3m ag corresponds to  30%
uncertainty n F (2500A) and Lyy,and 4% uncertainty
in ox. Them easurem ent uncertainties in the rest—fram e
UV are typically 10% , but could be as large as 25%
for about one-quarter of the m ain sam ple, as discussed
in xJl. Ifwe weight the m easurem ent uncertainties by
the number of AGN s a ected, we arrive at an average
rest—fram e UV m easurem ent ervor of 14% . Adding the
uncertainties due to variability and m easurem ent error
In quadrature, weexpect Ly, 33% (Ly 017 1 log
units).

The X—ray ux measurements are considerably less
certain, with typicalm easurem ent errors of 30% (& 10{
40% for 14 < bgFosizkev) < 13). On short
tim escales m ore um Inous AGNs have snaller X-ray
variability am plitudes (eg. Green,M cHardv, & TLehta
1993), but all AGN s have com parable am plitude vari-
ations on the longer tinescales (of order years) of
interest to us. Longer tim escale variability studies of
Seyfert 1s reveal variability of & 100% of the mean
count rate in som e sources, wih no obvious di erence
in the varability am plitude between higher and lower
Jum nosity AGN s [Uttlev, M cH ardy, & Papadakis2002;
Uttley & M cHardy 12004, and references therein). Typ-—
ical Iongtem root mean square (m s) variability of
Seyfert 1s is 20{40% [Grupe, Thom as, & Beuerm ann
2001; Uttlev, M cH ardy, & P apadakis 2004;
M_arkow itz, F.delson, & Vaughar [2003). A ssum ing
the long-term variability is the sam e In um nous AGN s
( 30% ), and combining the uncertainties due to vari-
ability and m easurem ent errors, we arrive at an average
uncertainty of Ly 42% (L 023 in log units) for
our X -fay m easurem ents.

Taking into account only the m easurem ent errors and
variability e ects on the 1; and 1, estim ates, we in—
fer X ray and optical/UV uncertainties (in log units)
of x> 023 and v < 0:17, respectively. Combining
the above estin ates, we arrive at an expected digpersion
of 029. The observed dispersion varies between 0.35
and 039 for our combined and m ain sam ples, in plying
that, unless we are underestin ating the uncertainty due
to m easurem ent error and/or variability, there is an ex—
tra source of dispersion roughly equal in m agnitude to
the one we can acoount for that is perhaps intrinsic to
the AGN energy generation m echanian .

352. E ectofthe k and 1,y uncertainties on the
m easured relations

In the previous section we estin ated the dispersions in
the 1 and 1;; m easurem ents considering m easurem ent
errors and AGN variability. Here we use M onte Carlo
sin ulations of m ock sam ples to assess the validity of the
sam ple correlations in the presence of large dispersion
in the rest-fram e UV relative to the X -ray band. From
x5, « 023, and the cbserved dispersion in o, or
themain samplis , = 0:15. Even ifallthe extra dis-
persion In ¢ com es from the restframeUV, ., < 031
and R < 14 (in bbg units og®R ) < 0:15). W e simu-—
lated 100 sam ples sin ilarto them ain, m ain+ high-z, and
com bined sam ples (equal num bers of ob fcts with the
sam e rest-fram e UV m onochrom atic lum nosity distribu-
tion and equal num bers of X ray lim its) for each of 21
dierent R values, equally spaced in log units between
IogR )= land ogR )= 1. Foreach R ,we com -
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puted the average slopes ofthe L {1y and oy {1y corre—
lations from the 100 m ock sam ples of each of our three
subsam ples m ock-m ain, m ocdk-m ain+ high-z, and m ock—
com bined) and display the results in Figure[[d. N one of
the ratios of optical/UV -toX —ray dispersion considered
here can produce an apparent o relation or a L {l.
relation w ith slopes equalto those cbserved In them ain,
the m ain+ high—z, or the combined sam plesw ith > 99%

con dence (> 4 ). Our sam pl estin ates indicate that
logR ) < 015, which only Increases the signi cance of
this com parison. Larger optical/UV +toX —<ay digpersion
ratios than the one considered here are unrealistic, and
thus we conclude that the correlations found in this pa—
per are not apparent correlations caused by the steep
bright end of the optical/UV lum inosity finction and a
large dispersion in the optical/UV relative to the X -rays.

4. DISCUSSION AND CONCLUSIONS

The SDSS is providing one of the largest optically
selected AGN samples to date wih substantially bet—
ter photom etry and higher com pleteness than previous
w ellstudied optical color selected sam ples like the BQ S
sam ple. Various studies have found that the bright B
band selection lmit B < 16:16) and blue U B cut
U B < 0:44) of the BQ S sam pk bias the sample
towards z < 0:5 and the bluest um nous AGN s, system —
atically excluding redder ob gcts, while ncliding some
AGNs fainter than the quoted m agniude lim it (eg.,
W_am pler & Ponzi1985;W isotzkiet alll2000;lJester et all
2009) . SD SS uses 4-dim ensionalredshift-dependent color
selection and ux lin its the AGN sam ple in the i-band
wih an e ective wavelength of 7481 A com pared to
4400A for the BQ S sampk’s B band), which, together
wih the accurate CCD photom etry, creates a highly
com plete, representative sam ple of optical AGN s.

W e have selected a representative sam ple of 155 radio—
quiet SDSS AGNs from DR2, serendipitously observed
In mediim degp ROSAT pointings, creating an unbi-
ased sam plew ith sensitive coverage in the restfram eUV,
20an radio, and soft X ray bands. U sing the serendipi-
tous RO SAT observations of SD SS AGN s supplem ented
by 36 high-redshift lum inous Q SO s and 37 Seyfert 1
galaxies, we consider the relations between rest-frame
UV (measured at 2500A) and X-—ray (@t 2keV) eam is—
sion In a combined sam pl of 228 AGN s w ith an X ray
detection fraction of 86% . W e have carefully deal with
a variety of selection and analysis issues, ranging from
the appropriateness of the sam pl to the suiability of
the statisticalm ethods. The removal of RL and BAL
AGN s is essential if we want to study the intrinsic re—
lations between UV and X -ray energy generation in the
typicallim nousAGN , as it restrictsthe confising e ects
of £t em ission and X —ray absorption. To the extent that
we can measure them , BAL AGN s have the sam e un—
derlying X -ray em ission properties asnom alRQ AGNs
eg.lGallagher et al.l2007), but they rem ain hidden by
strong absorption. Consequently we take special care to
rem ove allknown BA Ls from our sam ple and to consider
the e ectsofunidenti ed BAL AGN s in soeci ¢ redshift
ranges.

W e nd that the m onochrom atic lum inosiy at 2500 A
and 2keV are correlated (@t the 115 level), Indepen—
dent of their strong correlations w ith redshift. T his cor-
relation cannot be caused by the steep fallo of the

oiﬁﬁiﬁﬁﬁﬁﬁﬁ
;
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Fig. 16.] Slpes of the apparent ox-lay anti-correlation

(top) and the Ik-k;v correlation (bottom ) as a function of the
optical/UV -toX -ray dispersion ratio, R , from sin ulated sam ples
sim ilar to the m ain SD SS sam ple (solid circles), the m ain+ high-z
sam ples (solid squares), and the com bined sam ple (open squares).
E ach point represents the average slope obtained from 100 simu-—
lated sam ples, equally spaced in logR ); the squares have been
displaced by 0.01 from the true logR ) values for clarity. T he
hatched regions represent the 1 ranges measured in the m ain
SD SS sam ple (right-slanted), the m ain+ high-z sam ples (vertical
lines), and the com bined sam ple (left-slanted).

bright AGN num berdensity com bined w ith a lJarge ratio
of optical/U V -+o-X —ray dispersion In our sam plk as sug—
gested by C 83, F95, Y SB98, and [Yuar [1999). W e take
soecialcare w hen evaluating the statistical signi cance of
partial correlations In censored datasets. U sing the par-
tialKendalll's 1,;3 and the EM linear regression m ethod
in an optically selected sam plew ith a w ide range ofAGN

lum inosities and redshifts and a large X ray detection
fraction, we can properly assess the signi cance and esti-
m ate the param eters of the correlations. In addition, we
use M onte C arlo realizations ofm ock relations In sim u—
lated sam ples to establish the applicability of the above
m ethods. W e con m that the slope of the 1 {1, corre—



Jation is lessthan one ( 0.65), in plying a dependence of
the optical/UV +toX +ay index, ox, on m onochrom atic
Jum inosity and/orredshift. W e nd that oy isprin arily
dependent on rest—fram e m onochrom atic UV lum inosity
(at the 74{10.6 Xvel), whik any redshift dependence
is insigni cant (. 11 ).

The ox{kv anticorrelation inplies that AGNs re—
distrbute their energy in the UV and X-ray bands
depending on overall lum nosity, with m ore lum inous
AGNs eam itting fewer X rays per unit UV lum nosiy
than less um Inous AGN s. Currently, no selfconsistent
theoretical study is able to explain from st princi-
pls why ox should be In the observed range, much
less predict its variation wih 1, . Theoretical studies
oflShakura & Sunvaev [1973) disks give predictions of
the rest-frame UV am ission but cannot predict the X —
ray em ission, which is believed to origihate in a hot
coronalgas of unknow n geom etry and disk-covering frac—
tion. Recent advances In m agnetohydrodynam ic sin u—
lations of accretion disks (eg., Babusé& Hawleyv 11994,
and references therein) o er the promise of a self-
consistent disk+ coronam odelofAGN eam ission. In such
a m odel, the dissipation ofm agnetic elds, arising from
the m agneto-rotational instability deep in the accretion
disk, could heat the coronalgas to X -ray em itting tem —
peratures (J.H .K rolk 2004, private com m unication; see
also K rolik [1999). O ur em pirical relation between rest—
fram e UV and softX -ray em ission In AGN sand the o {
1v anticorrelation provide the best constraints yet that
future selfconsistent disk+ corona m odelsm ust explain.

The observed lack of redshift dependence of ¢ at

xed lum nosity provides evidence for the rem arkable
constancy of the accretion process in the imm ediate
vicinity of the black hole, despite the dram atic changes
0of AGN hosts and the strong evolution of AGN num —
ber densities over the history of the Universe. T he sam —
ple used here provides no evidence for non-lnearities in
the ox{kv relation. The dispersions ocbserved around
the k {1y and o {Lv relations cannot be accounted for
by m easurem ent errors and AGN varability alone, sug—
gesting that black-holem ass, accretion rate, and/or spin
(and the corresponding di erences In accretion m odes,
energy generation m echanian s, and feedback) could be
contrbuting to the cbserved dispersion.

Our results are qualitatively consistent wih
previous studies (eg. Ayvni& Tananbaum| [1986;
V ignali, B randt, & Schneider|2003), but the new resuls
are quantitatively better since they are based on a large,
highly complete sample wih medium deep soft X-ray
coverage and carefully controlled system atic biases.
A though larger sam ples of optically selected AG N sw ith
X -ray coverage can be constructed (eg. W_ikeset all
1994; IGreen et all 11995; IAnderson et all 12003), the
existing survival analysis tools cannot guarantee an
accurate recovery of the intrinsic rest-frame UV to
X -ray relations based on pattem censored data wih
shallow X -ray coverage and low X -ray detection fraction.
Stacking analysis can be used on optical AGNs wih
shallow X -ray coverage (e4g.,/Green et alll1994), but this
m ethod provides only m ean values, w ithout constraining
the spread in each bin. In addition, stacking analyses
done to date have not always allowed for binning in
G alactic Hydrogen colum n densities, redshifts, radio—
Joudness, and strong UV -absorption. T he L {1, relation
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presented here can be used to predict m ore accurately
the Intrinsic X ray uxes of AGNs wih known opti-
cal/UV lum inosity and serves to de ne the \nom al"
range of soft X ray em ission fora typical AGN (ie., RQ,
non-BAL AGNs, una ected by absorption). Based on
this de nition of nom al X -ray em ission, it is easier to
detem ine ifa \special" classofAGN sdi ers in itsX —ray
properties from nom alAGNs. X tay \weak" AGN s are
an exam ple of such a special AGN class. Risalitiet all
2003) used the BQS sampl to de ne nomal AGN s,
and suggested that som e AGN s In the Ham burg Q uasar
Survey HQS, IHagen et all [1997) are X +ay weaker in
com parison. However, Brandt, Schneider, & Vignali
2004) caution that since the HQS AGNs are am ong
the most lum inous ob ects In the rest-frame UV, the
observed steep ox Values are expected based on the

ox {hv anticorrelation for about half of the ob fcts
(see their Figure 3). Our m ore accurate prediction of
the optical/UV +toX ay em ission of norm alAGN will
also allow researchers to constrain the X ray em ission
associated with ®ts in RL AGNs (assum lng that AGN
Ets do not contrbute to the eam ission at 2500A , but
see Baker & Hunstead 11995; Baker et all|1995; |ICheung
2002) and to study the X -ray properties of other special
AGNs;eg, red AGN s, AGN s wihout em ission lines, or
AGNswih unusualenm ission lnes (eg./Gallagheret al.
2009). The ox{Lv r=lhtion ofnom alAGN s presented
in this paper can also lead to m ore accurate estin ates of
the bolom etric Ium inosities of AG N s, resulting in tighter
constraints on the importance of AGN-phase mass
accretion for the growth of supem assive black holes as
descrbed in, eg., M armoniet all [2004). A ssum ing the
E lriset all [1994) spectral energy distrdbution (SED)
and 17 < o < 126 where the mapriy of our
optically selected RQ non-absorbed AGN s lie; see Fig—
ure[[) together with the o4 {L, relation from Eqn. 6,
we estin ate that the ratio ofthe 0.5{2.0keV Ium nosity
to the bolom etric lum nosity varies by a factor of 6{9
over the lum inosity range 1, = 285 318 (depending
on the inclusion or exclusion ofthe nfrared bum p in the
com putation ofthe bolom etric um inosity) . If neglected,
the variation of the bolom etric correction wih AGN
Jum inosity could lead to substantial system atic errors in
bolom etric um inosity estin ates.

Future SD SS data releases w ill allow the enlargem ent
of the optical/UV /soft X way sample of AGN s, as well
as provide large new sam ples of optically selected AGN s
serendipiously cbserved w ith XM M Newton and Chan-
dra, as the sky-coverage of X -ray satellites increasesw ith
tine. Larger sam ples will include m ore hom ogeneous
low -lum inosity AGN data, providing m ore sensitive con-—
straints on the non-linearity of the ox{Ly relation. In
addition, longerw avelength optical/UV m onochrom atic

ux estin atesw ould com plem ent the rest-fram eUV m ea—
surem ents at 2500A used here, to m inin ize any e ects
ofdust absorption in the UV on the L {1,y relation eg.,
Gaskell et alll2003, but see also H opkinset al.2004). T he
extension to sam ples observed in harder X ray bands is
also necessary to constrain the possble e ects of soft—
X -ray absorption better. This can be achieved by con—
sidering an o Index com puted using rest-frame 5kev
Instead 0f 2keV X —ray m onochrom atic uxes.
Hasinger {2004) reportsthat X ray selected AGN sam —
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pleshave L {1,y correlationsconsistent w ith a slope ofone
and no ox dependence on either um inosiy or redshift.
Current X ray selected sam ples w ith optical identi ca—
tions are large and cover w ide ranges of optical/UV and
X —ray lum inosiy, but they seldom constrain the opti-
cal/UV absorption, radio loudness, or hostgalaxy con-—
tribution ofthe sources. In addition, som e X —ray selected
sam ples are biased tow ard particular optical AGN types
(e 9., narrow -line Seyfert 1s in bright soft X ray sam pls;
G rupe et alll2004) and could contain a larger fraction of
absorbed AGNs. M ore studies are necessary to recon—
cile the results obtained for optically color-selected and
X —ray selected sam ples, taking into account the sam ple
selection e ectsin ux lin ited sam ples Introduced by the
optical/UV and X +ay AGN population num ber density
and lum inosity evolution w ith cosn ic time.

F im ly establishing the correlation betw een rest-fram e
UV and X ray em ission n AGN s isthe rst step toward
understanding their generation m echanism s and interre—
lations. A reasonable next step is to try to relate the
correlations found here to reasonable estin ates ofblack-
hole m asses and accretion rates. The di culty in this
endeavor lies in the fact that direct black-holem assm ea—
surem ents and bolom etric lum inosity estin ates are not
avaibbl for large AGN sam ples like those considered
here. Indirect black-hole m assm easurem ents can be ob—
tained from a com bination ofm onochrom atic um nosity
and broad em ission-line w idth m easurem ents as shown
forBQ S sample AGN sby K aspiet all [2000) and SD SS
AGNs by McLure & Dunlog [2004). Such estim ates,
how ever, w illdepend on the extrapolation ofiK aspiet all

2000) relation from ower (L (5100A) . 2 10%°, cor-
responding to Ly 303) to higher (L (5100A) &
2 10%*°) lum inosity AGN s, the use of di erent em is-
sion lines at di erent redshifts €g., H and Mg II for
the SD SS sam ple presented here), aswellas a non-trivial
correction for the e ects ofthe hostgalaxy, giving rise to
possible system atic errors. W e are currently investigat—
ing the feasbility of this endeavor for the SD SS sam ple
presented here.
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TABLE 1
SDSS-ROSAT AGN data
SD SS ID z Obs. ID T exp Cnt £2500 fx f2keV ox Ix uv i g 1 Flag
1) ) (3) (4) (5) (6) (7) (8) ) (10) (11) (12) (13) (14) (15)
SD $5J012602.21 001924.1 1.7659 1p800645n00 12.0 11 19.0 3.71 13.70 8.08 1.68 26.80 31.17 17.94 +0.144 1
SD $5J021000.72 100358.0 1.9604 1p800114n00 13.8 9 72.0 4.16 13.20 7.56 130 27.41 30.81 19.23 0.180 1
SD $5J022225.49 090258.5 0.2242 1p800016n00 11.6 14 5.6 4.28 13.91 8.65 1.68 24.41 28.78 18.49 0.033 0
SD $5J022226.11 085701.3 0.1667 1p800016n00 11.5 15 4454 4.17 12.32 7.08 1.12 25.72 28.63 17.85 +0.193 1
SD $5J022356.30 085707.8 1.5762 1p800016n00 12.5 10 13.0 4.13 13.92 8.34 1.62 26.45 30.67 18.90 +0.220 1
SD $5J022435.93 090001.3 1.6118 1p800016n00 9.2 19 15.1 4.12 13.62 8.03 150 26.8 30.69 19.11 0.015 1
SD $5J023305.95+ 003856.4 0.2441 1p800482n00 26.1 11 107.0 5.13 13.31 8.04 1.12 2510 28.01 18.52 +0.559 1
SD $5J023306.26+ 004614.5 2.2906 1p800482n00 26.5 9 36.2 4.65 13.82 8.13 134 26.96 30.44 20.33 0.159 1
SD $5J023325.32+ 002914.9 2.0171 1p800482n00 25.1 16 81l.1 3.74 13.43 7.7 155 2721 3124 18.25 +0.007 1
SD S5J023333.24+ 010333.1 2.0587 1rp800482n00 19.6 19 5.5 3.72 14.02 8.37 1.78 26.64 31.28 18.30 0.038 0

Note. |

T he com plete version of this table is in the electronic edition of the Journal. T he printed edition contains only a sam ple of ten ob jects. Note 1: These AGN s were the

targets for their respective ROSAT PSP C pointings. Note 2: These AG N s were not detected in the selected ROSAT pointings; X -ray fluxes are from XMM -Newton, Chandra, or shorter

ROSAT exposures as specified. T he units of lum inosity are ergs

1, 0fm onochrom atic lum inosity { ergs lHz 1!

. Colum ns:

(1) sDsSs ID; (2) redshift; (3) X -ray observation ID ;

(4) the effective X —ray exposure tim e, T @xp, in 10°sec; (5) , the X -ray source off-axis angle in arcm in; (6) total source counts, corrected for background and aperture size; the

precision quoted is higher than the accuracy; (7) £,50(. the logarithm of the 2500 A m onochrom atic flux, not band-pass corrected; (8) fx, the logarithm of the 0.5-2keV flux, not

band-pass corrected; (9) kaev the logarithm of the 2keV m onochrom atic flux, not band-pass corrected; (10)

Ox the optical/UV -to-X -ray index; (11) ly, the logarithm of the

2keV m onochrom atic lum inosity, band-pass corrected; (12) lyyy, the logarithm of the 2500 A m onochrom atic lum inosity, band-pass corrected; (13) i, the point source SD SS apparent

m agnitude, corrected for G alactic extinction; (14) the relative P SF color,
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TABLE 2
X -ray D etection Fractions

Sam ple X -ray Total &% X -ray

Detected AGN D etected

M ain 126 155 81%

High—=z 32 36 89%

Syl 37 37 100%

C om bined 195 228 86%
TABLE 3

X-ray UV correlations

R elation Sample N p GN X -ray Signi- 12,3 R egression
D etected cance Residuals
leeV Vs. JQSOOA M H,S 228 86% 11.5 0.38 0.36
leeV vs. ]2500A M H 191 83% 8.7 0.30 0.37
leeV Vs. JQSOOA M 155 81% 7.4 0.28 0.39
ox Vs. ]2500A M H,S 228 86% 10.6 0.33 0.14
ox Vs. ]2500A M H 191 83% 9.2 0.32 0.14
ox Vs. ]2500A M 155 81% 7.4 0.30 0.15
ox Vs. z M H,S 228 86% 1.1 +0.03
ox Vs. z M H 191 83% 1.1 0.03
ox Vs. z M 155 81% 1.0 0.02
Note. Sam ple M refers to them ain SD SS sam ple, sam ple H to the high-z sam ple, and sam ple

S to the Sy 1 sam ple. A 1l cases test partial correlations, taking into account the effect of a third
(in the last three).

variable which is either redshift (in the first six cases) or 1

2500A



