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ABSTRACT

We have used archiv&thandraand XMM-Newtonobservations of quasars hosting intrinsic narrow UV ab-
sorption lines (intrinsic NALS) to carry out an exploratayrvey of their X-ray properties. Our sample consists
of three intrinsic-NAL quasars and one “mini-BAL" quasalygfour quasars without intrinsic absorption lines
for comparison. These were drawn in a systematic manner &omptical/UV-selected sample. The X-ray
properties of intrinsic-NAL quasars are indistinguisteatobm those of “normal” quasars. We do not find any
excess absorption in quasars with intrinsic NALs, with ugdjeits of Ny < a fewx 10?2 cm2. We compare
the X-ray and UV properties of our sample quasars by plottiegequivalent width and blueshift velocity of
the intrinsic NALs and the X-ray spectral index against thptical-to-X-ray” slopepox. When BAL quasars
and other AGNs with intrinsic NALs are included, the plotggast that intrinsic-NAL quasars form an exten-
sion of the BAL sequences and tend to bridge the gap betweénad8 “normal” quasars. Observations of
larger samples of intrinsic-NAL quasars are needed to wéhiése conclusions. We also test two competing
scenarios for the location of the NAL gas in an accretiorkdignd. Our results strongly support a location of
the NAL gas at high latitudes above the disk, closer to thie aiss than the dense BAL wind. We detect excess
X-ray absorption only in Q0014+8118, which does not hosirisic NALs. The absorbing medium very likely
corresponds to an intervening systenz at 1.1, which also produces strong absorption lines in the reshé
UV spectrum of this quasar. In the appendix we discuss theexiion between UV and X-ray attenuation and
its effect onagy.

Subject headinggalaxies:active — galaxies:nuclei — X-rays:galaxies -squ& absorption lines

1. INTRODUCTION

The intrinsic absorption lines found in the rest-frame UV
spectra of quasars and active galactic nuclei (AGNs) are
classified based on their line widths into broad absorption
lines (BALs; FWHM> 2000 km s?, found in ~ 10%
of all quasars), narrow absorption lines (NALs; FWHM
500 km s'1, found in~ 50% of quasars at~ 2—4; these can
be clearly separated from intervening lines via high-natoh
spectroscopy), and mini-BALs (intermediate FWHM between
BALs and NALs). They are typically blueshifted relative

AGNs (e.g., Shields 1977; Chiang & Murray 1996; Murray &
Chiang 1997). Moreover, the outflows may be important for
cosmology since they deliver energy and momentum to the
interstellar and intergalactic media (hereafter, ISM a@il|
respectively) and can affect galaxy evolution (e.g., Glaea
al. 2004; Scannapieco & Oh 2004; Springel, Di Matteo &
Hernquist 2005; Chartas et al. 2007a).

Most of our knowledge about intrinsic absorbers is de-
rived from optical/UV observations. A combination of ob-
servational results and models suggest that intrinsicrabso

to the quasar and are thought to trace outflows from the

quasar central engine. These outflows could be hydromag-

netic accretion-disk winds (e.g., Blandford & Payne 1982;
Emmering, Blandford & Shlosman 1992; Konigl & Kartje
1994; Everett 2005), or accretion-disk winds driven by ra-
diation pressure (e.g., Murray et al. 1995; Arav, Li, & Begel
man 1994, Proga, Stone, & Kallman 2000). Alternatively they

could be outflows driven by thermal pressure and launched ei-

ther from the accretion disk itself (e.g., Begelman, Mck&e,
Shields 1983) or from the obscuring torus invoked by AGN
unification schemes and driven by thermal pressure (e.., Ba
sara & Krolik 1993; Krolik & Kriss 1995, 2001; Chelouche
& Netzer 2005). However, thermal accretion disk winds are
too hot to produce absorption lines in the UV, while thermal
winds from the obscuring torus are too slow to account for the
observe velocities of NALs and BALs. Accretion disk winds,
whatever their origin, are an integral part of the accrefiom,

and may be the source of the broad emission lines that are
characteristic of the optical and UV spectra of quasars and
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tion lines of different widths represent either differeimtels
of sight through the outflowing wind to the quasar continuum
source (Ganguly et al. 2001; Elvis 2000), or different stage
in the evolution of the absorbing gas parcels (e.g., Hamann &
Sabra 2004; Misawa et al. 2005).

X-ray observations of BAL quasars have revealed large
columns of nearly-neutral absorbing gas 107324 cm~2;
see, for example, Green & Mathur 1996; Gallagher et al.
2002a). However, little is known about the X-ray properties
of quasars with intrinsic NALs and mini-BALs. X-ray spec-
troscopy of the last two types of quasars can be extremely
useful in many respects:

e In general terms, we can compare the X-ray properties
of quasars that host intrinsic NALs with those that do
not. This comparison allows us to assess whether there
is a significant difference between the central engines
of the two types of object. If no difference is found,
and since intrinsic NALs are ubiquitous in quasar spec-
tra (see Misawa et al 2007b and references therein), we
will be led to a picture where intrinsic NALs, hence
outflows, are a universal property of quasars.

e X-ray spectra can probe highly-ionized media that are
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not directly probed by optical/UV absorption lines. 2. SAMPLE SELECTION

Moreover, they can yield more direct measurements of o, sample was drawn from a survey for intrinsic NALS
the total hydrogen column density of absorbers in arel- i, \he Keck high-resolution spectra of 37 quasars at2—4
atively low-ionization state (this cannot be easily done \jisawa et al. 2007b). These quasars were originally sedect
through UV absorption lines, unless the ionization state 54 gpserved in order to study intergalactic deuteriumsline
of the gas is very well constrained). Thus, we can use ¢ ¢ "O'Meara et al. 2001, and references therein), thezef
the X-ray spectra to investigate whether any hot gas they make up a largely unbiased sample with respedi-to
(which may represent the bulk of the mass) co-exists yjnsjc NALs. The intrinsic NALS were separated from NALS
(mixed or layered) with the UV absorbers. arising in cosmologically intervening objects based orirthe
e The column densities determined from the X-ray spec- zaét;gce%\;e{ggg.sgg%uurs (st' gé[. Hfgéagnggggl: I%A?SQJVSSB:?LL
tra constitute a direct test of scenarios for the location 2003, 2005). In’summary, the partial ’covera'ge test exploits
of the NAL gas in the larger outflow. In particular, ENViS 0 4t that the ratio of optical depths in the individuakss
(2000) suggests that the NAL gas is located at very low ¢ |y yesonance doublets is prescribed by atomic physics.
latitudes above the accretion disk, implying very large penartyres from the expected ratio in well-resolved, unsat
column d?“Sf'egzgcomgarab'e to those found in BAL ; 5teq doublets is interpreted as the result of dilutiorhef t
quasars, i.e.2, 10°* cm ™). On the other hand, Gan- jine troughs by continuum photons that do not pass through
guly et al. (2001) place the NAL gas at high latitudes o apsorper (e.g., Hamann et al. 1997b; Barlow & Sargent
above the accretion disk, implicitly suggesting lower 1997 Ganguly et al. 1999), i.e., the absorber is very compac
column densities. thus intrinsic to the quasars (most cosmologically intarve
ing structures are considerably more extended than theaguas
continuum source). In the case of the prominent UV reso-
nance doublets (@, Siiv, and Nv), the ratio of optical depths
between doublet membersis 2:1, which allows us to compute
analytically the fraction of the continuum photons thatgas
through the absorber (the coverage fraction). In practiee t
. coverage fraction is computed both by applying the above al-
results relevant to cosmology since they can lead to eS'gorithm to every pixel of the line profile and by decomposing
timates of the mass outflow rate and the kinetic power the profile into kinematic components (represented by Voigt
of the outflow (see, for example, Chartas et al. 2007b). functions whose FWHM turn out to be of order 10 kms
i i ) , i and applying the above algorithm to each component. If both
With the above considerations in mind, we have used methods consistently reveal partial coverage in parts ef th
archival Chandraand XMM-Newtondata to carry out an |ine profile, the line is identified as intrinsic. We find thhaet
exploratory survey of the X-ray properties of a small, but qfiles of the Qv absorption lines often have multiple kine-
carefully-selected sample of quasarszat 2.5-3.8. This  matic components, not sharing the same coverage fraction.
sample consists of three quasars hosting intrinsic NAL8, on gy ther details of the methodology can be found in Misawa et
quasar hosting a mini-BAL (HS1603+3820), and four quasars g (2007Db), and the references cited therein.
without intrinsic absorption lines for comparison (theserev The above search yielded intrinsicNCNALS in 32% of
selected in a systematic way, as described in the next 8gctio ine quasars and intrinsic G, Siwv, or Nv NALS in 50% of
We compare the properties of the UV NALSs (e.g., equivalent the quasars. To this sample we added one more quasar host-
width, outflow velocity) with t.he parameters descrlbln.g the ing a Civ mini-BAL showing the signature partial coverage
X-ray spectrum (e.g., photon indertrinsic column density, 55 well as variability, HS1603+3820 (Misawa et al. 2007a,
and optical-to-X-ray slop&ox). Thus, we place NAL quasars 4nq references therein). After searching ieandraand
in the context of BAL quasars (_see Qallagher et al. 2002b; xpM-Newtonarchives we found that 11 quasars from the
Brandt, Laor, & Wills 2000) and investigate whether all tgpe  gpove survey had been observed and 8 of the observed quasars
of objects follow the same trends in their properties. We als paq archival X-ray spectra with enough counts to yield inter
use the column densities determined from the X-ray spectragsting spectral constraints (the 3 objects that were erdud
to carry out _one_of the tests outlined, .above, namely, we at-from our final sample are: Q024D146, Q0638-6801, and
tempt to distinguish between the two different suggestions Q1055+4611). The 8 quasars making up the final sample are

e Several examples of intrinsic NALs at high ejection
velocities ¢ 0.2c) are now known (see Misawa et al.
2007b and references therein). It is extremely interest-
ing, therefore, to search quasars with intrinsic NALs for
high-velocity X-ray absorption lines (see, for example,
Chartas et al. 2002, 2003). Such observations can yield

the location of the NAL gas in the larger outflow. listed in Tablél, which also summarizes their basic prigert
In §2, we describe how the sample was selected and sumznq the properties of their intrinsic NALs. Of these, three o
marize the properties of the constituent quasar§3landf,  jects have intrinsic NALS, one has a mini-BAL, and four have

we present the analysis of the data (observations, daterscre g intrinsic absorption lines. Thus we have a small, but well

ing, and model fits to the X-ray spectra). We compare the gefined sample of NAL quasars and a matching comparison
rest-frame UV and X-ray properties §l. In §8 we summa-  gample of quasars without intrinsic NALs. All of the quasars
rize our findings, discuss our results, and consider prdspec \yith intrinsic NALs and 2/4 quasars without intrinsic NALs

for futurelwork;lWe aijopt a cosmc_)loglcal model witlh = 5re radio quiet. Th€handraandXMM-NewtorX-ray spectra

75 km s Mpc™*, Qn=0.3, andQa = 0.7. Throughoutthis o g of these quasars were analyzed and the results published
paper we give error bars cprrespo_ndl_ng to the 90% conf_ldence{see references if.2). Nevertheless, we have re-analyzed
level, unless noted otherwise. A significant part of our@sC  the data for the entire sample for the sake of uniformity of
sion makes use of the optical-to-X-ray slope of the spectral gnajysis and in order to make a careful assessment of absorp-
energy distributiongox, which is affected by extinction. Thus  jo intrinsic to the quasar central engines. To this end we

we %xamine the effects of extinction agy in detail inthe ap-  pave tested a variety of spectral models, as we detgfl.
pendix.
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TABLE 1
SAMPLE QUASARS
Quasar Properties Intrinsic CIvV NAL Properties
Radio D.” NG f 25004 Ushi®  Rest EW Ct®
Quasar z Loud® (Gpc) (16%cm2) (mJy) (kms?) A)
@) @) (©) 4) (®) (6) @) ®) 9)
Q0014+8118  3.387 L 274 14 0.70 - - -
Q0130-4021  3.030 Q 24.0 1.9 0.21 —65,181 0.53  (0.19+0.03), (0.83"5%9), (0.83751%), 1
-37,035 068  1,1,1,(0.67+£0.03), (0.6=0.1), (0.27£0.03), 1
Q1107+4847  3.000 Q 237 1.3 0.30 -21,388 0.20 10.70"317), 1
Q12081011  3.803  Q 315 1.7 0.04 . . .
Q1422+2309  3.611 L 29.6 2.7 0.05
Q14422931 2670  Q 20.6 1.7 0.47 . . .
HS1603-3820 2542  Q 19.4 1.3 0.77 —32,657 0.33 1,1,1(0.70"324), 1,(0.87+0.02), 1

9,000 2.53-5.09 0.24-0.45{0.02)°
+800 0.74  (0.30"914),1,(0.23+0.05), 1,1
21.1 2.7 053 -24195 058  1.00
—23,641 . 1.00
~765 0.14  (0.49+006), 1

Q1700+6416 2.722

O

2 Indicates whether the quasar is radio-loud (L) or radiet(®); from Misawa et al. (20076’).The luminosity distance, computed based on the cosmologézameters
given at the end offf] of the text® Flux density per unit frequency at 25@0in the quasar rest frame, derived from the V- or R-band flss@ningf, 0 v—24% see Misawa

et al. 2007b) and corrected for Galactic extinction but matnsic extinctior® Velocity offset of a NAL relative to the redshift of the quas# negative value denotes a
blueshift® Coverage fractions for the kinematic (Voigt) componentsdi® decompose the line profile. Each component has a FWHNdef d0 km s (from Misawa et

al. 2007a,b; seg2 of the text). These values effective represent the vanaif C; across the C IV line profilé.The red member of this doublet is blended with another line,
but the equivalent width can be evaluafe@his quasar hosts a C IV mini-BAL at a blueshifted velocity-&§,000 km s*. The rest-frame equivalent width of this mini-BAL
varies significantly over short time scales (see Misawa.e2@07a). Thus we list a range ©f values to indicate its temporal variability (the error bars comparable over all

epochs, hence we give only a representative value He‘l’e)ese lines are locked to each other and as such they ardjtnigpe intrinsic. The coverage fraction is unity and
only the total equivalent width can be evaluated.

In Table[1 we give the quasar name, redshift, Galactic col- both instruments and some objects were observed more than
umn density K5, and flux density at 2508 in the quasar ~ once with the same instrument, yielding a total a@Bandra
rest frame, after correcting for absorption in the ISM of the and 6XMM-Newtondata sets. In Tablg 2 we give a log of the
Milky Way, but without any correction for intrinsic absorp- observations, including the observatory and instrumes, t
tion. We also include the properties of intrinsic NALs, ndyne  observation identification number, and the date.
the offset velocity relative to the quasar redshithe rest- We retrieved the data from the respective data archives and
frame equivalent width of the intrinsic @ NALs, and the  reduced them in a standard and uniform manner using up-to-
coverage fraction of the absorber. The coverage fraction wa date calibration dafa The Chandradata were reduced us-
determined as described in the first paragraph of this sectio ing the CIAO 3.3 software package, provided by (iean-
In Table[1 we list the coverage fractions of the Voigt compo- dra X-ray Center (CXC) and following the CXC threads. We
nents used to decompose eachv @ine profile. These val-  screened the data according to status, photon event gsade, a
ues effectively represent the variation of the coveraggifra pect solution, and background level. We also removed the
across the & profiles in bins of width of order 10 km$and +0725 randomization applied to the photon positions by the
provide the basis for the classification of the NALs asirsiin ~~ CXC in order to improve the spatial resolution. TKMM-
(the coverage fraction is significantly lower than unityange ~ Newtondata were reduced with the SAS 6.5 software pack-
portions of the line profile, especially close to the linetegn age provided by thXMM-NewtonScience Operation Center
The classification of these NALSs as intrinsic is also corrobo (SOC). We screened the pn and MOS data to retain events
rated by similar partial coverage information on otherdine ~ Wwith values of the?ATTERN keyword in the range 0—4 and 0-
the same system, such ayNn the case of Q1700+6416,the 12, respectively. To avoid intervals of high background we
higher-velocity absorption system listed in Table 1 is jedg excluded data taken when the full-field count rates exceeded
to be intrinsic based on the fact that it is line locked. 20 s'tin the pn and and 4% in the MOS.
We extracted spectra of the target quasars after subtract-
ing the local background. In Tablé 2, we list the exposure
3. X-RAY OBSERVATIONS AND DATA SCREENING times and number of the counts in the spectra of individual
The 8 quasars in our sample were observed wittQthan-  instruments. With the exception of tf@handraspectra of
dra Advanced CCD Imaging Spectrometer (ACIS; Garmire Q142212309 (taken at three different epochs) there was no
et al. 2003) and/or with th&MM-NewtonEuropean Photon  evidence of pile up in the data. Our sample includes two grav-
Imaging Camera (EPIC) pn and MOS detectors (Striider et al.itationally lensed quasars, Q1208011 and Q14222309
2001; Turner et al. 2001). Some objects were observed withwhich required special treatment. We give the details of how

2 Absorption-line systems close to the systemic redshifhefquasar are 3 Updates on the calibraton of Chandra and XMM-
regarded as “associated” with the quasar, just on the ba#igio proximity Newton are available on the WWW sites of the CXC
in velocity space. However, different authors adopt a tbffe velocity limit (http://asc.harvard.edu/ciao/releasenotes/history.html)
for their definition of associated systems. The most comnamvention is and XMM-Newton SOC fttp://xmm.vilspa.esa.es/external/

|Ushift| < 5,000 km s (e.g., Foltz et al 1986), while Brandt et al. (2000) xmm_sw_cal/calib/rel_notes/index.shtml)
adopt|ushitt) < 12,000 km s'2.
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TABLE 2
OBSERVATIONLOG
Exp.
Quasar Observatory Instr. Obs.ID Date (ks) Counts
1) (2 (3) 4 (5) (6) (7
Q0014+8118 XMM-Newton pn 0112620201 2001 Aug23 14.3 13348
MOS1 16.9 4866
MOS2 16.9 4827
Q0130-4021 XMM-Newton pn 0112630201 2001Jun04 23.0 1842
MOS1 25.2 499
MOS2 25.3 491
Q1107+4847 XMM-Newton pn 0104861001 2002 Jun 01 28.1 813
MOS1 32.2 213
MOS2 32.3 253
Q1208+1011 Chandra ACIS-S 3570 2003 Mar 02  9.97 175
Q1422+2309 Chandra ACIS-S 367 2000Jun01  28.4 426
Chandra ACIS-S 1631 2001 May 21  10.7 244
XMM-Newton pn 0143652301 2003 Feb04 2. La
MOS1 4.89 191
MOS2 4.89 198
Chandra ACIS-S 4939 2004 Dec 01  47.7 762
Q1442+2931 XMM-Newton pn 0103060201 2002 Aug01 21.3 2607
MOS1 24.8 768
MOS2 24.8 753
HS1603+3820 Chandra ACIS-S 4026 2002 Nov 29 8.30 137
Q1700+6416 Chandra ACIS-S 547 2000 0Oct31  49.5 325
XMM-Newton pn 0107860301 2002 May 31 14.1 1060
MOS1 18.3 281
MOS2 18.4 299

2 The pn image of Q1422+2309 fell on a chip gap, therefore wewet able to use those data.

we treated these two objects §8.2, below. The luminosi- the source The free parameters of this model are the
ties we report for these two quasars have been scaled down photon index[", and the normalization (i.e., the photon
according to the magnification factors reported4m2. flux per unit energy at 1 keV).
4. MODEL FITS TO THE OBSERVED SPECTRA AND
RESULTS 2. [wabs*zwabs (zpow)] Simple power-law continuum

(at the redshift of the sourca)ith intrinsic absorption.

4.1. Suite of Models and Fit Results This model has an additional free parameter compared

We fitted a variety of models to the observed X-ray spec- to the previous model, the column density of the intrin-
tra using the XSPEC 12.3.0 software package (Arnaud 1996). sic absorberNy. Simple models of this type can un-
All energy channels below 0.4 keV were ignored. The spec- derestimate the column density of the absorber, if the
tra were binned to have a minimum of 10 counts per bin (in absorber is ionized or if it covers the source only partly.
most cases the minimum number of counts per bin was re- Therefore, we also test the more complex absorption
quired to be higher; se§l.2 for specific details). In the case models listed below.
of XMM-Newtordata, we performed joint fits to the MOS and
pn spectra.

3. [wabs (zpow) +const*wabs*zwabs (zpow)] Power-
law continuum (at the redshift of the source) with
partial coverage intrinsic absorption. In this model, the
absorber is assumed to cover the projected area of the
X-ray source only partially. The free parameters are
those of the previous model plus the coverage fraction
(the fraction of photons that pass through the absorber).

We used the suite of models, described below, to fit the
spectra and selected the model that gave the best fit. It is im-
portant to find the most appropriate models for the observed
spectra so that we can determine the intrinsic column densit
reliably, since this is a crucial quantity in our subsequiist
cussion. Absorption in the ISM of the Milky Way is included
in all models, using the Galactic column densities from the
HEASARC nH tool* (NG?, listed in TableTL) and the photo- _
electric absorption cross-sections of Morrison & McCammon 4. [wabs*absori (zpow)] Power-law continuum (at the

(1983). These column densities were held fixed during the fit- redshift of the source) wittonizedintrinsic absorption
ting process. Wherever necessary, we adopted a Solar abun-  (following Done et al. 1992; see also Zdziarski et al.
dance pattern for heavy elements from Anders & Grevesse 1995). The free parameters are the normalization and
(1989). photon mo!ex of th_e p_OW(_er-IaW continuum, and the col-
The models we used are outlined below (along with their umn density and ionization parameter of the absorber,
XSPEC model syntax; Galactic absorption is denoted by &°. The temperature of the absorber was held fixed at
wabs). 30,000 K, while the iron abundance was held fixed at

1. [wabs(zpow)] Simple power-law continuum (at the the Solar value.

redshift of the sourceyvithout intrinsic absorptiorat 5 & = L/nr?, wherelL is the luminosity of the source between 5 eV and

300 keV,r is its distance from the absorber, ands the hydrogen number
4http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl density of the absorber
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TABLE 3
PARAMETERS OFBEST-FIT MODELS
Model[d: Mode[2:
Simple Power Law Power Law & Intrinsic Absorption Complex tits
Ny Ny F-Test F-Test
Quasat r 2/y b r (10?2cm2)  x2/v®  ModefF r (10%em2)  x2/vP Pe(1) P=(2)
@) @ ®) 4) ®) (6) ™ ®) (©) (10) (11 (12)
Q00148118 143002 1.181/383 #8+0.02  11+03  1.104/380 3 9533 1333 1.108/381 210°% 092
4 148+003 1573  1.103/379 &x10° 0.27
Q0130-4021 201+0.07 1.033/56 187223 <026  1.066/55 5 552 . 0.866/55  0.0011  .&
Q11074847 19+01  1.315/44 253 <16 1.321/43 6 B+04 <17 1.157/42  0.026  0.011
Q1208+1011 22+03  1.106/12 2753 <33 1.299/11 e e
Q142242309 155701  0.543/13 15793 <22 0.594/12
17133 1175111 15407 <43 1.475/10
14£02 083845 15103 <45 0.852/44
16+01 127211 18753 <27 1.430/10
Q144212931 187+0.05 0.738/67 877320 <036  0.750/66
HS1603-3820 19+£0.3  0.891/9  200'%% <84 0.972/8
Q1700+6416 22+0.2  1.297/12 28753 <53 1.407/11
y 21+£02  0.951/87 D3 <055  0.967/86

@ Quasar names and observations are in the same order asé&f’aﬁbducecxz and number of degrees of freedSrModels are described in detail §# of the textd F-test probability that more
complex models provide a better fit than models 1 and 2, réispsc® Modeld2 anf(b have the same number of free parameters, tEstest does not give a meaningful result. For reference,
we note that the values af for modeld2 anfll5 yield chance probabilities of 0.66 and ar@&pectively.

5. [wabs (pexrav)] Power-law continuum (with an expo-

nential cutoff at 100 keV) “reflected” from a nearly- BLstEITP TABLE 4M |
neutral slab (with solar abundances; see George & ESTET ARAMELES%S;{(;EWODEL (IonIZED
Fabian 1991; Magdziarz & Zdziarski 1995).
. ; N
6. [wabs*zwabs (pexrav)] Power-law continuum “re- Quasar r (1022(?m*2) X2/VP

flected” from a nearly-neutral slab with intrinsic ab- ) @) 3) (4)
sorption included.

Q0014+8118 148+003  1573%  1.103/379
In addition to the above models we also experimented with

) ) . - 0130-4021 200'3%5 <74 1.000/58
adding a Gaussian FedKline to the simple power law model Q ~008
as well with broken power-law models with and without ab- Q11074847 21133 <78 1.202/46
sorption. 012
. . . 144212931 1872 <99 0.716/69
We find that the simplest models from the above list pro- Qla4zr —0.06
vide an adequate fit to most of the spectra, in part because Q1700+6416 20703 <13 0.938/89
of the modest signal-to-noise rati§/(\N) of the spectra. In
Figurel1, we show the spectra with the best-fitting power law & This model was fitted only to thEMM-Newtonspectra because
model with intrinsic absorption (model 2) superposed. & th theshe ht‘;".ppe“ ‘°hbe the ones with the largest number of camts f
fi | how the confidence contours iff the each o jgct. The quasar Ql422+.2309 is an exceptlop, it is so
same figure, we also s ’ faint that its XMM-Newtonspectra did not warrant a fit with this
Ny plane for the same model. In Tallle 3 we list the best- model® Reducedy? and number of degrees of freedom.

fitting values of the photon index for modél 1 (simple power

law) as well as the photon index and intrinsic column den-

sity for mode[2 (simple power law with intrinsic absorptjon In 9 out of 12 spectra the simple power law without in-
In cases where a complex model provides a better fit to thetrinsic absorption (modé€l 1) provides the best fit. In anothe
spectrum than the simple, unabsorbed power law, we also listwo spectra (Q01304021 and Q110¥4847), the improve-
the best-fitting parameters of the complex model. In TAble 4 ment in the goodness of the fit resulting from a more com-
we list the values (or limits) of the column density obtained plex modelis only marginal (see Table 3 and the discussion in
from the ionized absorber model (modél 4). In this table, §4.2, below). The remaining object is Q0014+8118, the only
we only include those objects whose spectra (typically from case where we are able to detect significant intrinsic absorp
XMM-Newton included more than 1000 counts and yielded tion with a column of~ 1 x 10?2 cm 2. This quasar happens
“interesting” results. to be the brightest quasar in our sample by far, with more than
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13,000 counts in it%XMM-Newtonpn spectrum; we discuss
this case further if4.2 andj6.3. The best-fitting values of the TABLES

photon index are in the range 1.5-2.3. which are well within FLUX DENSITIES, INTEGRATED FLUXES, AND Qox OF SAMPLE QUASARS
the range of photon indices found in radio-quiet quasars at
z=2-3 (Vignali et al. 2001).

F(2-10 keV} L(2-10keVP frie®

—2 <1 d e

Thus, our primary observational result consists of the up- ngf)sar (ergg(;)c m) (er%;) ) (n(i))/) "gg) AOE%X)
per limits on (and one measurement of) the column density
of a nearly-neutralabsorber in the rest frame of the quasar. Q00148118 36x10~* 15x10°7 126 -144 042
These were determined in a uniform and systematic fashion 8(1)13(7);33421% ggi 18,14 2‘g§ 18:5 éle'g j‘gg _gég
using the absorbed power-law model (mddel 2) and are listed 01208-1011 32x 10-141 17 % 1075 236 _161 011
in column 5 of Tablé 3. The limits correspond to the 90% (14222309 71 x 10-149 1.1 % 105 093 _181
confidence intervals shown in the contour plots of Figure 1 9.4% 10°149 1.7 % 10% 1.61 —172
and are of order 3 cm~2. The use of more complex models 8.7 x 10713f 2.4x 100 1.86 —1.69 .
did not result in more restrictive limits (most likely besaof 8.3x 107149 14x10"® 129 -175 -0.03
the larger number of free parameters in these models). Thus Q1442:2931  16x10~* 70x10° 165 -170 010
the limits in column 5 of Tablgl3 also incorporate the uncer- Hgig’ggtgiig debrd a3 igs oo i oI
tainty resulting from the use of more complex models for the 8.6 10-14 48 10%5 125 177 —004

continuum. We note that these limits are considerably lower
than the |3nt2r4|1n5|c %olumn densities detected in BAL qu3Sars athe 2-10 keV flux in the observed frame, corrected for abinTpo the ISM of the Milky
NH = 102 T eme (e.g., Gallagher et al. 2006, and refer- Way (and for intrinsic absorption in the case of QO({chllS).b The rest-frame 2-10 keV
ences therein)‘ In the case of mmizedabsorber, the data  luminosity, corrected for absorption and scaled down twantfor the lensing magnifica-
: e . imn_ tionin the case of the two lensed quasars, QU20®L1 and Q14222309°¢ The rest-frame
?"”0"" for hlg.her _column densmes_. The correspondlng lim flux density per unit frequency at an energy of 2 keV (corrédte Milky Way absorption
its were derived in the same fashion as f_OI’ the nearly'nbUtra but not intrinsic absorption; sef)). The uncertainties are, 10%9 The optical-to-X-ray
absorber and they turn out to be approximately one order ofspectral index computed from equatlan@hout corrections for intrinsic absorption. The

magnitude higher than than in the case of the neutral abisorbe uncertainties are discusseddH of the text® The difference between the observed value of
: . Qox and the value expected based on the UV luminosity of the qyssa details irf5] of the

They are listed in column 3 of TaHE 4 . L. text). For quasars with multiple X-ray observations, weyaeport the value of\aoy for the

We also searched for absorption lines in the vicinity of the opservation with the highes/N.f Total observed flux of all lensed images combined, not

Fe Ka transition by adding an unresolved & 0.01 keV) corrected for magpnification (see notesffad) ¢ Observed flux of image C only, not corrected
Gaussian line with negative normalization to the power-law for magnification (see notes {£.2).

continuum. This was motivated by the detection of such ab-
sorption lines in high-redshift quasars by several authass

we discuss further irff6.4. Our search yielded interesting
limits only in the case of Q0014+8118, which has by far the
highestS/N spectra of all the quasars in our sample. These
limits are shown graphically in Figuigd 2 where we plot the
normalization of the Gaussian component (i.e., the intexjra
the Gaussian) as a function of rest-frame energy in the spec-
trum. Given the redshift of this quasars and its continuum
photon index, we can relate the absolute value of the normal-
ization of the Gaussian lin&, to the rest-frame equivalent
width, West, analytically as

West — 26 K B\, (1)
rest ™ 4x105cm2s1) \ 6.4keV ’

where Eeqt is the rest-frame energy of the absorption line.

T T T T

IR S S

7 715é “‘8.5
Thus, according to Figufeé 2, at a rest-frame energy of 6.7 keV Rest-Frame Line Energy (keV)
the 99% upper limit to the absolute value of the equivalent
width is 28 eV, while at a rest-frame energy of 7.4 keV this

Line Normalization (10~ photons cm—2 s~1)

(@)}
o
W

FIG. 2.— Limits (at 68%, 90%, and 99% confidence) on the normiidina
of an unresolved Fe & absorption line in the spectrum of Q0014+8118.

limitis 13 eV. The profile of the line is assumed to be Gaussian and it is paped on
the power-law continuum. The line normalization can bediated to a rest-
4.2. Notes on Individual Quasars frame equivalent width using equatidd (1).

Q0014+8118. —Page et al. (2004) presented tK&IM-
Newtonspectrum of this quasar in their analysis of the tially covered, neutral absorber models, and the ion-
X-ray Baldwin effect. We reduced the sarxéMM- ized absorber model (modéls[2, 3, ddd 4) yield a sig-
Newtondata taken on 2001 August 23 for 14.3 ks (pn) nificantly better fit than the simple power-law model
and 16.9 ks (MOS) (Obs-ID: 0112620201, PI: Turner). (model[1), as shown by the F-test (see chance prob-
The spectrum was binned with a minimum of 50 counts abilities in Table[B). The ionized absorber model of
per bin. The rest-frame 2—-10 keV luminosity that we Done et al. (1992), as implemented in XSPEC, is not
obtain is in good agreement with that of Page et al. self-consistent, therefore its results must be regarded
(2004); they do not report any of the parameters of the with caution. In particular, the temperature and ion-
best-fitting model. This is the only object in which ization parameter are treated as independent parame-
we detect an intrinsic absorber unambiguously, with ters instead of being calculated self-consistently from a

a column of~ 1 x 10?2 cm 2. The fully and par- full photoionization model. Therefore, we verified the
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results using a rigorous photoionization model, com-
puted by the code XSTAR(Kallman et al. 2004). The
latter model yielded a column density for the ionized
absorber oNy = (2.542.0) x 10°2cm~2 and an ion-
ization parameter of lofxstar = 1.7+ 0.7 (whereé

is in units of erg cm s1). In comparison, the fit with
model[3 &bsori) yields Ny = (1.5738) x 1072 cm2
and an ionization parameter of 16gs..; < 2.2, cor-
responding to logxstar < 1.9 7, consistent with the
XSTAR results.

Modeld2[3B, anfl4, as well as the XSTAR-based model,
appear to provide equally good fits to the spectrum, in-
dicating that excess absorption is present in the spec-
trum of Q0014+8118 but the properties of the ioniza-
tion state and coverage fraction of the absorber are not
well constrained. Thus, we adopt modkl 2 as the work-
ing model for this object in the discussion below be-
cause it is the simplest one. However, we return to this
case inf§ and§@ to discuss the implications of the mea-
sured column density and to constrain the location and
properties of the absorber with the help of additional
evidence.

Q0130-4021. —Page et al. (2003) searched for AGNs in the
XMM-Newtonfield of this quasar, and detected 9 ob-
jects including Q01384021 itself. We reduced the

as model[ll (simple power-law model) and mddel 2 (ab-
sorber power-law).

Q1208+1011. —This gravitationally lensed quasar was orig-

inally found by Hazard, McMahon, & Sargent (1986).
It comprises two split images separated B¢ D with a
brightness ratio of about 4, based on the observations
with ground-based telescopes (Magain et al. 1992)
and the Hubble Space Telescope (HST) (Bahcall et al.
1992b). Giallongo et al. (1999) derived a total mag-
nification factor ofu; = 22, which was later revised to
L = 3.1 by Barvainis & Ivison (2002). We extracted
the spectrum of this quasar by summing the counts from
all images and then scaled down the luminosity accord-
ing to the latter magnification factor listed above.

Dai et al. (2004) analyzed thehandradata of this
guasar and fitted the spectrum with a power law and
a Gaussian emission line without intrinsic absorption.
They found a best-fitting photon indexbf=2.3+0.2

and derived value ofi,x = —1.62. We repeated the re-
duction of the sam&handradata (Obs-ID: 3570 PI:
Garmire). The spectrum was binned with a minimum
of 10 counts per bin. The spectral parameters that we
derive are consistent to those obtained by Dai et al.
(2004).

sameXMM-Newtondata taken on 2001 June 04 for Q1422+2309. —This is a gravitationally-lensed, radio-loud

23.0 ks (pn) and 25.2 ks (MOS) (Obs-1D: 0112630201,
PI: Turner). The pn and MOS spectra were binned with
a minimum of 50 and 30 counts per bin, respectively.
Modell3 (power law plus Compton reflection) provides
a marginally better fit than model 1 (simple power-law
model) to theXMM-Newtonspectrum of this object,
P=(1) = 0.0011 (see TablEl3). However, the fit with
model[ appears to be as good as the fit with mbHel 2
(absorber power-law).

Q1107+4847. — XMM-Newtaobserved this target twice on
2002 April 25 and June 1. The analysis of the sec-
ond data set was presented by Brocksopp et al. (2004).
They fitted the spectra with a power law model with
photonindex of = 1.96 and obtained an upper limit on
the intrinsic absorption ofly < 1.5 x 10?2 cm~2 with
99% confidence. We examined batMM-Newtordata
sets (Obs-ID: 0059750401 and 0104861001, PI: Mann
and Mason), but reduced only the second one because
the first observation was performed during a period of
high background (background-to-signal ratio=20).
The pn and MOS spectra were binned with a minimum
of 50 and 15 counts per bin, respectively. The results
of our fits are consistent with the results of Brocksopp
et al. (2004). Mod€ell6 (power law plus Compton re-
flection and intrinsic absorption) provides an equally
good fit to theXMM-Newtonspectrum of this object

Shttp://heasarc.gsfc.nasa.gov/docs/software/xstar/xstar.html

7 The ionization parameters in the XSTAR aablsori models are de-
fined in a slightly different way. The former involves the tooum lu-
minosity from 1 Ry to 1000 Ry, while the latter involves thentiouum
luminosity from 5 eV to 300 keV. They can be related if one asssi a
specific shape for the spectral energy distribution. Herema&e the as-
sumption that the spectral energy distribution is that oftdas & Fer-
land (1987) but we change the X-ray photon index to 1.49 sbitlegrees
with what we measure for Q0014+8118. Under this assumptefind that
109 &absors — 109 ExsTar = 0.262.

guasar, consisting of 4 images. Kormann, Schneider, &
Bartelmann (1994) explored lensing models based on
elliptical mass distribution and derived a total magnifi-
cation factor ofyy = 15.38. ThreeChandra(Obs-ID:
367, 1631, and 4939 PI: Garmire) aXdM-Newton
observations (Obs-ID: 0143652301 PIl: Georgantopou-
los) were carried out over a span of four years. Among
the four lensed images resolved®landra the bright-

est two images are probably affected by pileup at least
in their central few pixels (Grant et al. 2004). Since
the faintest image is not bright enough to be detected in
the Chandradata, we extracted a spectrum only from
image C, the third brightest image. The magnification
factor for this particular image, according to Kormann
et al. ispc = 3.43, thus we scaled down the luminos-
ity accordingly. The spectra from the thr&handra
observations were binned with a minimum of 25, 15,
and 50 counts per bin, respectively. In our analysis of
the XMM-Newtonobservation, we used only the MOS
data because in the pn the image fell on a chip gap. We
summed all the counts from the MOS images since the
four lensed images were not resolved. We binned the
extracted spectrum with a minimum of 10 counts per
bin and we scaled down the luminosity by a factor of
Lkot = 15.38.

Q1442+2931. —An analysis of theXMM-Newtonspectrum

of this quasar was presented by Ferrero & Brinkmann
(2003). They fitted with a power-law and obtained a
photon index of 1.87. They found no evidence of an
Fe Ha line. We re-analyzed the sam@iM-Newton
data (Obs-ID: 0103060201, Pl: Aschenbach). The
spectra were binned with a minimum of 50 counts per
bin. Our derived values of the photon index and of
Qox are consistent with those of Ferrero & Brinkmann
(2003).


http://heasarc.gsfc.nasa.gov/docs/software/xstar/xstar.html
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HS1603+3820. —The shortChandra observation of this

11

given by dfakev/ f2kev = 0.69 8", wheredr is the uncer-

quasar yielded only 137 counts. The spectrum wastainty inl". For a typical value 0bl' = 0.2, 6 f kev/ fo kev =

binned with a minimum of 10 counts per bin. An inde-

0.13, which contributes an uncertainty of approximately 1—

pendent analysis of the same X-ray data by Dobrzycki 2% to aox. Unfortunately, we cannot assess the contribution

et al. (2007) yields results consistent with ours.

Q1700+6416. —There are two clusters of galaxies discov-
ered near the quasar, RX J17046116 atz = 0.45
and Abell 2246 ar = 0.22. Both theChandraand the
XMM-Newtonobserved this quasar field for a purpose
of studying these clusters (Lumb et al. 2004; Geor-

of variability to the uncertainty imrox because of the lack of
systematic monitoring data, however, we do note that crange
of order unity in either the X-ray or the UV flux changgx
by an amount of order 0.1.

Intrinsic absorption, especially in the UV, is the largest
source of uncertainty in the value ofy. This uncertainty
arises because we are not able to assess the dust content of th

gantopoulos & Georgakakis 2005) and serendipitously apsorber. On one hand, the presence of low- and intermediate

detected a number of low-redshift galaxies in the field
(Hornschemeier et al. 2005). We reduced @tean-

dra data (Obs-ID: 547, PI: Vanspeybroeck) and the
XMM-Newtondata (Obs-ID: 0107860301, PI: Jansen)

and we present the spectrum of Q1700+6416 for the

first time. Although theXMM-Newtonexposure was
terminated prematurely and most of it was dominated
by high background from the particle belt (Lumb et al.
2004), we were still able to extract spectra of accept-
able quality. TheChandraspectrum was binned with a
minimum of 20 counts per bin. ThéMM-Newtonpn
and MOS spectra were binned to a minimum of 50 and
15 counts per bin, respectively, Bt< 2 keV and to a
minimum of 150 and 45, respectivelyat> 2 keV.

5. RELATIONS BETWEEN UV AND X-RAY
PROPERTIES

The relation between the UV and X-ray luminosity of
quasars, is often quantified by means of the optical-toy-ra
spectral indexgoy. This is the index of a power law con-
necting the Eoints in the rest-frame spectral energy 8istri
tion at 2500A and 2 keV. Here we adopt the convention that
f, O v9x and we obtairmgy from

) @
2500A

_ logfakev—10gfos008
™~ logVakev—10GVoson

wherefz kev, f25004 » V2 kevs @NdV,5004 are the flux densities

per unit frequency and frequencies at 2 keV and 2800e-

spectively. The above definition was originally introdutsd

2 kev

0.384 Iog<

ionization absorption lines in the rest-frame UV spectra/df
quasars with intrinsic NALs suggests that the the ionizatio
state may be low enough for dust to be present. More specif-
ically, the Ushitt = —24,195 km s system in Q17096416
shows the Sii A1260 and Gi A1335 lines (I.P. of 16.3 eV
and 24.4 eV, respectively; both lines are observed in the
interstellar medium), while thegnhx = —21,388 km st
system in Q110¥4847 shows the @ A1335 line (Mis-
awa et al. 2007b). The spectrum of HS16@&B20 pre-
sented by Dobrzycki et al. (2007) shows a weak Mg
A2800 doublet (I.P. of 15.0 eV) in the mini-BAL system at
Ushift &~ —9,000 km s* (the spectra presented in Misawa et
al. 2007a,b do not cover the spectral region of theiMipu-

blet in any of these quasars). On the other hand, the values of
Oox Of the quasars with intrinsic NALs in our sample are the
same as those of normal quasars (see the comparisons later
in this section). Since UV extinction by dust can affegk
significantly (as we detail below), this result suggests tha
extinction in quasars with intrinsic NALs is not higher than
normal quasars.

We discuss the effects of absorption in detail in the Ap-
pendix where we also emphasize the uncertainties and eutlin
a scheme for applying corrections. If the dust-to-gas riatio
the intrinsic absorber is similar to that found in the ISM o t
Milky Way, intrinsic UV absorption could have a dramatic ef-
fect on the value ofryy. Sgecifically, absorption through an
intrinsic column of 1x 10°? cm2, would changeaxoy by 1.5
[see equation(A4)]. However, the gas-to-dust ratio inimatr
sic absorbers is extremely uncertain, thus correctioreg,jo

Tananbaum et al. (1979) but several authors since then havéased solely on the absorbing column measured from X-ray

used the flux density at 30@0instead of 250@ (e.g., Brandt

spectra are rather unreliable. A good case in point is pealid

et al. 2000; Gallagher et al. 2001). In this paper, we adoptby Q0014+8118, the only quasar in our sample with a mea-

the frequencies used in the original definition. The values o
dox Obtained from the two different conventions are related
by aox(2500A) = 1.03 dx(3000A) — 0.03 ayy, whereayy
is the power-law index between 2500 and 3(500‘\, 0 vauv;

surable intrinsic column density. The rest-frame 2 keV flux
density, corrected for intrinsic absorption fis..,, = 179 nJy.
An analogous correction to the rest-frame 2506ux den-
sity, assuming the column inferred from the X-ray spectrum

see Brandt et al. 2000). Vanden Berk et al. (2001) find thatand applying equatiom (A3), giveis,;oo4 = 25.0 Jy, leading

<auv> =0.44.

The flux densities at a rest-frame energy of 2 ké&\ev,
without corrections for intrinsic absorption, were detarea
from the fits of the the absorbed power-law model (mé&diel 2)

to a,, = —3.12, which is unreasonable. We return to this case
and discuss it further if6.3.

In Figurd3 we show the distribution of valuesmfy among
the quasars in our sample, separating the quasars with-intri

to the spectra and are listed in Table 5. These were com-sic NALs from those without. For two quasars observed more

bined with f 5502 from Table[1 to compute the value of

Oox, Which we also list in Tablg€]5. The uncertainty iRy
is 80ox = 0.17 [(8f2kev/ f2kev)® + (3 f 25004/ f 25004 )7 2

wheredfa ey and df,5004 are, respectively, the uncertain-

ties in the X-ray and UV fluxes, resulting from measurement

errors or variability of the source (since the UV and X-ray

observations were not simultaneous). In the absence of ab

sorption, the measurement errorfingey is dominated by the
uncertainty in the photon index and under this conditios it i

than once, Q14222309 and Q17086416, we plot only a
single, representative value afy; we choose the value ob-
tained from the deepest X-ray exposure, which happens to
be the last observation of each object. In the same figure,
we overplot the distribution ofrox among optically bright
quasars, as reported by Steffen et al. (2006). This compar-
ison suggests that there is no discernible difference btwe
the quasars in our collection hosting intrinsic NALs andeoth
quasars of comparable luminosity and redshift.
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FiG. 3.— The distribution of values afx, evaluated without corrections
for intrinsic absorption. Shaded bins represent quasatsintrinsic NALS,
while open bins represent ones without. For the two quasatsviere ob-
served more than once (Q1422309 and Q17086416), we plot a single,
representative value @fx (see discussion i of the text). The dashed line
shows the distribution ofrox for optically bright quasars that are similar to -1
those of our sample (Steffen et al. 2006).

a ,(obs) — a_ (exp)
An alternative way of making this comparison is shown Fic. 4.— Distribution ofAdoy, the difference between the observed value

in Figure[], where we plot the distribution of the differ- of aox and the value predicted for that monochromatic UV luminokit the

ence between the observed valuesagf and that expected correlation of Steffen et al. (2006). Negative valuedafy indicate a steeper
slope than expected. Histograms drawn as dotted linesaitedigoper limits.

based on the quasar's monochromatic UV luminofity,y = Top Panel: The distribution ofAaex among quasars in our sample (without
Oox(0bg — aox(exp (the values of\aoy are included in col-  corrections for intrinsic absorption). Shaded bins regmegjuasars with in-
umn 6 of Tabld b). More specifically, Strateva et al. (2005) trinsic NALs, while open bins represent ones without. Fer tho quasars

and Steffen et al. (2006) find a correlation between the that were observed more than once (Q1#2309 and Q17006416), we
’ plot a single, representative value afy (see discussion iff5 of the text).

monochromatic luminosity density at 25@Q {55003 , @and  Middle Panel: The distribution ofAae among SDSS quasars from Steffen
Oox for a large sample of radio-quiet quasars, spanning a wide(2006). Bottom Panel:The distribution ofAaex among BAL quasars from

redshift range. We adopt the form that includes a weak de-the LBQs (from Gallagher et al. 2006).

pendence on redshift, given in equation (5) of Steffen et al.

(2006) agHox(exp = —0.126 loglyspoa — 0.01z+2.311 (the PG quasars from Brandt et al. (208@) show that the quasars
UV-to-X-ray slope becomes steeper as the UV luminosity in- in our sample with intrinsic NALs follow the general anti-
creases). A negative value Afroy indicates that the UV-to-  correlation betweeWestandaoy. However, since our sample
X-ray slope is steeper than expected, which would result ei-is rather small, this result requires verification using a-co
ther from a suppressed X-ray flux or an enhanced UV flux. siderably larger sample of quasars with intrinsic NALs.Ha t
With this in mind, we plot in FigurEl4 the distribution Afrox latter plot, there is no obvious trend betwegax anddoy; we
among our quasars (without any intrinsic absorption cerrec return to this issue iffg, where we compare intrinsic NALs
tions to /55003 ) and we compare it with the corresponding to BALs and place them in the broader context of intrinsic
distribution in the Steffen et al. (2006) sample (top and-mid absorption lines in quasars.

dle panels, respectively). The two distributions appeay ve

similar, reinforcing our conclusion that there is no distille 6. SUMMARY OF RESULTS AND DISCUSSION

difference between the X-ray and UV properties of quasars g regyits presented above show that there are no differ-
with and without intrinsic NALs. The only quasar in our sam- o< in X-ray properties between quasars with and with-
ple that appears to be an outlier in the top panel of Figlire 4 \+"insic NALSs in our sample. The spectra of all the

is Q0014+8118. This is, in fact, a radio-loud quasar, Whosequasars in our sample can be described by a very simple

&bsomte valt;e Oéﬁ{ox IS _extpected to be syfstematlcallly ?Ar/r;jiller model, namely a power law modified by absorption by nearly-
an those of radio-quiet quasars (see, for example, WBkeS o yra| matter at the redshift of the source. In all but one

al. 1994). - -

. . quasar, we are only able to obtain upper limits to the col-
We extend our comparison of UV and X-ray properties by \;n gensity of the intrinsic X-ray absorber; these limits ar

plotting the Vaga“o” of properties of € NALs (restequiva- ¢ 5 ger 5 fewx 1022 cm 2. The possibility that the intrin-

lent width,Wees’, and maximum blueshift velocityma) with sic X-ray absorbers are ionized can be neither confirmed nor

Adoy. In this context, we takéaox to be an indicator of X- - rjed out based on the data we have analyzed here. The only

ray absorption, under the assumption that the UV flux is unab-qasar in which we have found a measurable column density

sorbed — this amounts to neglecting the second term in equayg Q0014+8118N ~ 1 x 10?2 cm2), which doesnot host

tion (A2). In Figurdb we plo¥Westandvimax againstidoy. In '

the former plot we overplot the data points describing ngarb 9 the civ NALs in the sample of Brandt et al. (2000) are associated to

the quasars but they are not necessarily intrinsic. We ctew/eéhe values

8 Here we use the total equivalent width, summed over all thnaic of apx in Brandt et al. (2000), evaluated using the 3000V flux, to the
NALs in the same quasar. convention used here, as described at the beginniggl.of
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FiIG. 5.— Properties of intrinsic ® NALs of quasars in our sample
plotted againstiox (evaluated without corrections for intrinsic absorption)
Filled squares represent quasars with intrinsic NALs, &bjen square rep-
resent ones without. For the two quasars that were observeeel then once
(Q1422+2309 and Q17006416), we plot a single, representative value of
aox (see discussion i of the text). Top Panel: Variation of rest frame
equivalent width withaoy. Their rest frame equivalent width is the sum of
equivalent widths of all intrinsic NALs in the same quasaheTest-frame
equivalent width assigned to quasars without intrinsic NAdorresponds
to the typical observed-frame detection limit of 0.0QQsee Misawa et al
2007b). We adopt a single value afy for each quasar as discussed in in
g9 of the text. The crosses represent the associatedNALs measured in
low-redshift quasars by Brandt et al. (2008pttom Panel:Variation of the
maximum NAL velocity (set to zero for quasars without ingimiNALS) with
Oox-
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FiG. 6.— Comparison of the properties of quasars in our samgte the
properties of BAL quasars. Quasars from our sample withnsit NALs
are represented by stars, while those without are repezsédayt open stars.
For the two quasars that were observed more than once (Q2&2® and
Q1700+6416), we plot a single, representative valuexgf (see discussion
in g5 of the text). Filled circles represent BAL quasars from shenple of
Gallagher et al. (2006)Top Panel:Variation of the total rest-frame equiva-
lent width (summed over all intrinsic NALs in the same quasdth Adoy.
The rest-frame equivalent width assigned to quasars witintrinsic NALs
corresponds to the typical observed-frame detection l0hi®.056 A (see
Misawa et al 2007b)Middle Panel: Variation of X-ray photon index with
Adox. Open triangles in this panel represent the extremely redans from
Hall et al. (2006).Bottom Panel:Variation of maximum blueshift velocity
of intrinsic NALs with Aagx. One intrinsic NAL quasar from our sample
(Q0130-4021;Vmax ~ 65,000 km s1) is off scale and marked with upward
arrow.

tions of a larger sample of quasars with intrinsic NALs is
sorely needed to strengthen our conclusions. A conclusion
that follows immediately from the above results is that out-
flows that manifest themselves in the form of intrinsic NALs
could be present in all quasars. We showed in our earlier work
that intrinsic NALs are very common (occurring in 50% of

any intrinsic NALs. We discuss this quasar further belowr Ou all quasars ar ~ 2—4; Misawa et al. 2007b) and the results
comparison with larger samples of quasars of comparable lu-presented here indicate that the typical spectral charsiits

minosity and redshift shows that quasars with intrinsic ISAL
do not differ from the general population in either their a§¢r
spectra or their spectral energy distributions as quadtiiie
Oox- The rest-frame equivalent widths of intrinsic NALs fol-

of quasars in general do not preclude their hosting intinsi
NALs.

In the remainder of this section, we compare the properties
of quasars with intrinsic NALs from our sample with those of

low the same trend witlwox as nearby quasars and Seyfert BAL quasars studied by other authors, we use our results to
galaxies, suggesting a relation between the medium responeonstrain scenarios for the geometry and location of the in-
sible for the intrinsic NALs and the medium responsible for trinsic NAL gas, and we discuss the properties of the absorbe
the X-ray continuum absorption. However, X-ray observa- in Q0014+8118. We conclude by noting open questions and
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possible directions for future work. torial) accretion-disk wind whose dense, low-latitudepare
. . likely to give rise to BALs. The two competing scenarios are
6.1. Comparison with BAL quasars depicted in Figures 1-3 of Elvis (2000) and in Figure 13 of

We compare the properties of the NAL quasars in our sam-Ganguly et al. (2001). Elvis (2000) proposed that quasars
ple with those of BAL quasars in the sample of Gallagher et with intrinsic NALs are viewed at a large inclination angé-r
al. (2006) and very red quasars from Hall et al. (2006); their ative to the disk/wind axis (larger than in the case of BALS).
redshifts are between 1.4 and 2.8 and their luminosities areAs a result the column density through the NAL line of sight
comparable to those of our quasars. In Fidure 4, we show thés Ny 2 10°? cm~2 and the apparent blueshift of the intrin-
distribution ofmeasuredralues ofAaox among BAL quasars  sic NALs should be considerably smaller than that of BALS,
on the same scale as the distributiom\af,, among quasars  (Ushit ~ 10° km s71). On the other hand, in the Ganguly et
in our sample. There is an obvious difference between theal. (2001) picture the NAL gas is locatedbovethe BAL gas,
two distributions; a Kolmogorov-Smirnovtest yields a cban  closer to the axis of the disk/wind. The column density is
probability of 0.003 that the intrinsic NAL quasarsinounsa  lower because the NAL gas is distributed in small parcels and
ple and the BAL and very red quasars from the bottom panelthe blueshifts can be as high as those found in BALs (or even
of Figure[4 were drawn by chance from the same parent pop-higher).
ulation. This suggests that the X-ray source in intrinsicLNA Our results favor the Ganguly et al. (2001) scenario for a
guasars is not as heavily obscured as in BAL quasars (see theumber of reasons. First, we do not detect large absorbing
discussion of thé\aoy distribution in BAL quasars by Gal-  column densities; we find thaty < a fewx 10?2 cm—2 in all
lagher et al. 2006). of our quasars. Second, the observed blueshifts of intrinsi

In Figure[®, we plot properties of UV BALs as well as the NALs are comparable to or higher than those of BALs, sug-
X-ray photon index for the Gallagher et al. (2006) sample gesting that the absorbing gas is not associated with tree bas
againstAaox. In the same plots we include the quasars from of the wind. Rather, this gas should have traveled an appreci
our own sample for comparison. The top two panels of Fig- ble distance from its launch point and attained a speed close
ure[® suggest that quasars with intrinsic NALs fit in a pro- to its terminal speed (see, for example, Murray et al. 1995
gression between BALs and “normal” quasars. As the rest-and Hamann 1998). Third, the comparison of intrinsic NALs
frame equivalent width of the @ absorption line decreases, and BALs presented abov86J and bottom panel of Fifl 6)
Aaoy increases, in a manner that is qualitatively consistentshows that the intrinsic NALs do not connect smoothly to the
with a decrease in the column density of the absorber. ThisBAL sequence in th&maxAaox diagram, suggesting that the
picture is supported by the photon indexAsox plot, where NAL gas is not a part of the dense BAL flow. In contrast, the
guasars with intrinsic NALs occupy the low-column-density Ganguly et al. scenario passes these tests and also places th
end of the BAL distribution. It is reassuring that the mini- NAL gas far enough away from the central continuum source
BAL guasar in our sample, HS1603+3820, falls closer to the so that (a) it is not highly ionized, and (b) it can be accetdta
BAL locus in both of the top two panels of Figure 6 (as well to a high speed.
as in the top panel of Fig.5) than the intrinsic NAL quasars.

In contrast, in the plot of maximum blueshifted velocity vs 6.3. The Case of Q0014+8118
Adoy shown in the bottom panel of Figure 6, quasars with in-  Q0014+8118 is the only quasar in which we have found
trinsic NALs do not fit into the BAL sequence, even though excess absorption but it is also a quasar not known to have in-
this sequence appears to connect smoothly to the “normal’trinsic UV NALs. We explore here whether these two obser-
quasars. This behavior can be reconciled with the behaviorvational results can be reconciled. We have re-examined the
seen in the top two panels of the same figure in the context ofrest-frame UV spectrum of this quasar presented in Misawa et
an equatorial wind scenario. In the top two panels of Figlire 6 al. (2007b) and found no strong absorption lines near the red
the BAL quasar tracks are defined primarily by the column shift of this quasar, which could be attributed to a neutbal a
density of the absorbing medium since Wigs, ', andAaox sorber with the column density comparable to that measured
are all measures of the column density (the value§ off in the X-ray spectrum. We did, however, find an interven-
BAL quasars were inferred from the hardness ratio, thus theying absorption line system at= 1.1 with strong Fe1 A2600,
are directly affected by absorption and so are the 2 keV flux Mg i1 AA2796,2803 and Mg A2853 absorption lines with
densities that are based on the same data). On the other hanthe following rest-frame equivalent width8Vest(A 2600 =
the orientation of the outflow relative to the line of sightian  2.06 A, Wiest(A2796) = 3.23A, andWesi(A 2853 = 0.67A.
the acceleration mechanism play an important role in defin-This raises the possibility that the excess X-ray absamptio
ing the BAL quasar track in the bottom panel of this figure, is associated with the lower-redshift intervening syst&e.
since they influence the value of.x (see for example, the  consider each of these two scenarios in turn.
discussion in Gallagher et al 2006). Therefore, the dewiati To assess whether the X-ray absorber could be intrinsic
of intrinsic NAL quasars from the BAL track suggests that to the quasar, we have carried out a number of photoioniza-
the NAL gas is not part of the dense BAL flow thought to be tion simulations using the code Cloudy (Ferland et al. 1998)
located near the base of the wind, although it may still be as-adopting the Mathews & Ferland (1987) model for the quasar
sociated with it. In other words, our line of sight througle th  spectral energy distribution (but modified to match the }-ra
NAL gas does not generally pass through the dense BAL gasphoton index of Q0014+8118), a Solar metallicity and abun-
This conclusion also serves as a test of scenarios for tlae loc dance pattern, the total Hydrogen column density deteminine
tion of the NAL gas within the greater outflow, as we explain from the X-ray spectrum, and two different values of the den-

further in§6.2, below. sity (10* and 1& cm~3; the results turn out not be sensitive
. . . to the density). We computed four models with ionization pa-
6.2. Geometry and Location of Absorbing Medium rameters corresponding to 16gstar = 1.04, 1.84, 2.24, and

Using our observational results, we can test and constrain2.54, which span the range of values inferred for the X-ray
scenarios for the location of the intrinsic NAL gas inan (@qu  absorber (se§4.2). In all cases, the equivalent widths of the
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Cv, Nv, and Ovi absorption lines are large enough that these
lines should have been detected in the high-resolution-spec
trum presented in Misawa et al. (2007b). Missing these lines
would require a rather unlikely set of circumstances, ngmel
the ionization parameter should be at the high end of the al-
lowed range so that the lines are weak and the outflow veloc-
ity should be such that the i€ line is out of the range of the
observed UV spectrum, theline should fall in the gap be-
tween echelle orders, and thesQine should be hidden in the
Lya forest. Therefore, we disfavor the intrinsic interpretati

of the absorber.

To assess the intervening absorber hypothesis we make use
of the statistical observational results of Rao, Turnsték,
Nestor (2006). According to these authors, an intervening
absorber with the observed ke Mg 11, and Mgi equiva-
lent widths has a 65% probability of being a dampedrLy
system (DLA), with an average hydrogen column density of
4 % 10%° cm~2 and a column density of ¢ 10?1 cm~2 being
reasonably likely. Moreover, the observed relative stiiesig
of the Fen and Mg lines suggest that the hydrogen col-
umn density can plausibly be as high as 50?1 cm 2, while
the observed Mg strength suggests a 50% probability of
Ny > 1 x 107 cm~2. Thus we favor the intervening absorber
hypothesis because the known intervening system-=afl.1
has a high probability of producing just the X-ray absonptio
we observe. In this context we may also understand the low
attenuation of the rest-frame UV light of this quasar. By eom
paring the colors of large samples quasars with and without
DLAs, Ellison, Hall, & Lira (2005) find that the dust content
of DLAs is very small and place a limit &(B—V) < 0.04
on the color excess that they produce.

6.4. Open Questions and Future Prospects

There are a number of outstanding questions that our ex
ploratory survey was not able to address.

e \We have not detected an ionized absorber in any of the
guasars with intrinsic NALs, even though such features
are common in the X-ray spectra of Seyfert galaxies.
Contributing factors to this were the Id8/N of the X-

tion lines have also been detected in a handful of high-
redshift quasarg( 2—4), namely PG 1115+080 (Char-
tas et al. 2003, 2007a), H 1413+117 (Chartas et al
2007b), and APM 08279+5255 (Chartas et al. 2002;
Hasinger et al. 2002). In these cases the outflow speeds
are of order a few tenths of the speed of light and
the rest-frame equivalent widths range between a few
hundred eV and a few keV. In addition to the cosmo-
logical implications of high-velocity X-ray absorption
lines noted indT], their detection will also help us con-
strain the ionization state of the NAL gas. The lim-
its we have set for Q0014+8118 are rather stringent
(< 28 eV), comparable to the weakest lines ever de-
tected. In other quasars in our sample the limits are con-
siderably higher, thus uninteresting, owing to the worse
S/N in their X-ray spectra. Nevertheless, it is interest-
ing that the absence of high-velocity X-ray absorption
lines in Q0014+8118 coincides with the absence of in-
trinsic UV NALs.

Our results, especially Figuld 6, raise the issue of
whether the UV and X-ray properties of NAL quasars
connect smoothly to those of BAL quasars. Related to
this issue is the question of where do mini-BALs fall
in the grand scheme of things. Even though we have
found some tantalizing trends, our sample of objects
is too small for a firm conclusion on these issues. In
this respect, further observations of mini-BALs would
be particularly useful because they may fill in the gap
between NALs and BALs in Figufd 6.

The above questions can be addressed by employing two
complementary strategies in future observations. Long ex-
posures of selected objects can yield higtN X-ray spectra
that can be used for a sensitive search for warm absorbers or
high-velocity X-ray NALs. At the same time, (relatively $ha
low) observations of larger samples of quasars hosting NALs
and especially mini-BALs will allow us to explore connec-
tions between the corresponding quasar populations.

ray spectra and the high redshift of the quasars them- We thanks the anonymous referee for helpful comments
selves (the signature of a warm absorber is most pro-and suggestions. We acknowledge support from NASA grant
nounced at energies that are redshifted out of the ob-NAG5-10817. This work was also partially supported by the
servable band). Detecting or placing limits on a warm Sumitomo foundation (070380). We have made use of the
absorbing medium is important because it provides a NASA/IPAC Extragalactic Database (NED) which is oper-
test of models for the structure of the outflow (espe- ated by the Jet Propulsion Laboratory, California Institok
cially the ionization structure at high latitudes above Technology, under contract with the National Aeronautius a
the disk; see, for example, Proga et al. 2000). More- Space Administration.

over, a warm medium has been invoked to interpret
the variability of mini-BALs (see the discussion of
HS1603+3820 by Misawa et al. 2007a).

e We have not detected high-velocity X-ray absorp-
tion lines in any of our spectra. This is not a sur-
prise since such lines are rare. More specifically,
unresolved lines have been found in about half a
dozen Seyfert galaxies and quasarszat 0.1, in-
cluding MCG-5-23-16 (Braito et al. 2006), IC 4329a
(Markowitz et al. 2006), IRAS 13197-1627 (Dadina
& Cappi 2004), Mrk 509 (Dadina et al. 2005), and
PG 1211+143 (Pounds et al. 2007). The observed
outflow velocities are of order.0c, while the rest-
frame equivalent widths typically range between 10
and 100 eV. Broader, and somewhat stronger absorp-
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APPENDIX
RELATION BETWEEN UV AND X-RAY EXTINCTION AND EFFECT ON THE VALUE OF 0oy.

The observed UV flux is attenuated in the rest frame of theaya=cording tof b oA = f 0 0a 10704425008 whereAys i
is the extinction at 2508 in magnitudes. After passing through the ISM of the Milky YWéhe quasar UV light is attenuated

further by a factor of 10242 (whereA = 2500A and z is the redshift of the quasar). However, for quasarsza®, the
latter factor is negligible compared to the former becaugke+ z) falls in the near-IR band an8ir < Ayy. The extinction law
of Seaton (1979) gives

Azs00R Av o _ _

EB-V) EB-V) 25 = Aygi =Av+25E(B-V)=57E(B-V), (A1)
whereAy = 3.2E(B—V) is the visual extinction anB(B—V) = Ag — Ay is the color excess or “reddening®g is the extinction
in the B-band). All extinction laws currently available ¢inding the SMC law, which is thought to describe the extorcin the
UV spectra of quasars ak 4; see Hopkins et al. 2004) are very similanat 2500A. This is illustrated in Figure 1 of Prévot
et al. (1984) and in Figure 1 of Calzetti, Kinney, & Storchef§mann (1994).

Similarly, the X-ray flux is attenuated according tBo5, = 0, e~ 9%2kev, whereNy is the equivalent hydrogen column
density andb kev is the photoelectric absorption cross-section at 2 keVo#diog to Morrison & McCammon (19831 kev =
3.19x 10-23cm 2, determined by the abundance of Mg and Si (bhmtelements). We note that Morrison & McCammon (1983)
adopt the elemental abundances of Anders & Ebihara (1982l different authors (namely, Anders & Grevesse 1989 ifain
1992; Grevesse & Sauval 1998) derive abundances for the@seléments that are withies 5% of that value. A potential cause
for concern are the high metal abundances observed in thediiane vicinity of quasar central engines (see Hamann &aRerl
1999 for a review). More specifically, Hamann et al. (2002}l finat a-elements, such as C and O, are overabundant in the
broad-emission line regions of quasars by a factor 8frelative to the Sun. This will likely affect the X-ray atigation at 2 keV,
but the more important question is whether it will also aftbe UV attenuation in the same manner. The answer to thistigune
is unclear as it depends on whether the higher metal abuadaricat gaseous phase is also accompanied by a similatighig
abundance of dust grains, which are responsible for the Uiviation.

Inserting the expressions for tkeservedluxes into the definition ofrox in equation[(R), we obtain

adPS— alnt" — 0.384(—Ny 02 kev loge+ 0.4 Ayegoa) = —0.053N22 4+ 0.88E(B V), (A2)

whereNy, = Ny /10°2 cm~2. The first term on the right-hand side of equatibnl(A2) repnés the effect of X-ray attenuation,
while the second term represents the effect of UV extinctidhe relative importance of these two terms can be assegsed b
noting that in the Milky Way the dust-to-gas ratio is suchttha

Ny/Ay =1.79x 107 cm2mag?! = E(B-V)=17N»mag (A3)

(Predehl & Schmitt 1995). Therefore the second term on tiigfiand side of equatioh (A2) (UV extinction) is aproxieigt
30 times more important than the first term (X-ray attenugtii the gas-to-dust ratio is comparable to that in the Milay. If
we insert equatior (A3) into equatidn (A2), we get

ag— apy = 1.5Np; . (A4)

Equation[[A4) relies on the assumption that the valulpfAy (determined by the dust-to-gas mix) in the vicinity of theagar

is the same as that in the Milky Way. This need not be true ireg@nlt is possible, for example, that the intrinsic absoiib
close enough to the quasar continuum source that the intadigion field destroys the dust grains (e.g., Netzer & 11893).
Another possibility is that the dust grain distribution ivetabsorber is different from that in the Milky Way, as is tlase with
very-high redshift quasars (at> 4; see Maiolino et al. 2006 and references therein). Thezemuation[(AR) is preferable to
equation[(A%), as long &(B—V) can be determined independently froim. An illustrative example of the dangers of applying
equation[(A#4) without due caution is provided by the quasadI#+8118, discussed {f5l. Even though a significant column is
detected in absorption in the X-ray spectrum of this quédtsaest-frame UV light does not appear to be significantlgraiated.
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