QSO winds and galaxy evolution
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Abstract. There exists a population of broad-line2 QSOs which have heavily absorbed X-ray
spectra. These objects constittt&0% of the population at luminosities and redshifts chanéstic

of the main producers of QSO luminosity in the Universe. @liofv up observations in the submm
show that these QSOs are often embedded in ultraluminodsussh galaxies, unlike most unab-
sorbed QSOs at the same redshifts and luminosities. Thealbdidifferent star formation properties
between the absorbed and unabsorbed QSOs implies that thg absorption is unrelated to the
torus invoked in AGN unification schemes. Instead, thesaltsesuggest that the objects represent
a transitional phase in an evolutionary sequence relatiagsive black holes and the formation of
galaxies. The most puzzling question about these objestaliays been the nature of the X-ray
absorber. We present our study of the X-ray absorbers basetep (50-100ks) XMM-Newton
spectroscopy. We show that the absorption is most likelytd@edense ionised wind driven by the
QSO. This wind could be the mechanism by which the QSO tertesrthe star formation in the host
galaxy, and ends the supply of accretion material, to predbe present day black hole/spheroid
mass ratio.
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INTRODUCTION

The prevalence of black holes in present day galaxy bulgas,tlae proportionality
between black hole and spheroid mass [8] implies that thedton of the two com-
ponents are intimately linked. One way to probe star foramatn distant QSOs is to
observe them at submillimetre wavelengths, and so meakararhount of radiation
from young stars which is absorbed and re-emitted by dushenfar infrared. With
this in mind, we observed matched samples of X-ray absorbédiaabsorbed QSOs at
850um with SCUBA. These observations revealed a remarkableothchy in the sub-
millimetre properties of these two groups of sources: alnatiof the X-ray absorbed
QSOs atz > 1.5 are ultraluminous infrared galaxies, while the X-ray us@bed QSOs
are not [10, 13]. This suggests that the two types are linkeghlevolutionary sequence,
whereby the QSO emerges at the end of the main star-formiaggpbf a massive galaxy
[13, 16, 5].

However, the nature of the X-ray absorption remains pugzliimese objects are char-
acterised by hard, absorbed X-ray spectra, and assumihghibas due to photoelec-
tric absorption from cold material with solar abundancé=irt column densities are
~ 10?2 cm~2. On the other hand, they have optical/UV spectra which apéc#y for
QSOs, with broad emission lines and blue continua. For adBelgas/dust ratio, the



restframe ultraviolet spectra would be heavily attenudgduch large columns of ma-
terial, so the absorbers appear to contain very little dlise X-ray absorption could
be due to gas located within the AGN structure, or from mosgasht material in the
host galaxy, but in either case the lack of dust is supridiihtpe absorption were as-
sociated with the obscuring dusty torus invoked in unifmatschemes [2] we would
expect significant dust attenuation, while the detectiothefdust continuum at long
wavelengths implies that the interstellar media of the lyasdxies are also dust-rich. In
order to investigate the X-ray absorption, we have theestitained deep (50—100ks)
XMM-Newtomobservations of five submillimetre bright, X-ray absorbe8l@¥ from our
sample of hard-spectruRosatsources [12].

RESULTS

Foreach QSO, the EPIC MOS and pn X-ray spectra were combg@elsaribed in Page,
Davis & Salvi [11]. The resulting spectra contain betwee@ 28d 1100 counts. As a
starting point, we fitted the X-ray spectra with models cetisg of a power law and
fixed Galactic absorption. Surprisingly, in most cases th&lel produces acceptable
values ofx?/v. However, the best fit photon indices are unusually hard 80§ three
of the five objects havE ~ 1.4 with uncertainties ok 0.1 (see Fig. 1), while the other
two havel’ of 1.6 and 1.8, compared to tlie= 1.9 that is typical for X-ray selected
QSOs [e.g. 7, 14]. Furthermore, the data show a deficit of tsoughative to the model
at the softest energies, indicating that absorption isgmesThe originaRosatPSPC
spectra and th¥MM-Newtonspectra show excellent agreement (see Fig. 1). The 2-10
keV luminosities of the QSOs range fromk30* ergs s to 2x 10* ergs s 1.

The hypothesis of a normal (= 1.9) AGN X-ray spectrum and a cold absorber is
rejected for the sample as a whole. Therefore we consideresidd absorber models for
the X-ray absorption, using the ‘xabs’ modelS8REX which includes both photoelectric
and line absorption. For all five AGN, acceptable fits can b&ioled with alr = 1.9
power law and an absorber with an ionisation parameteréldgetween 2 and 3, and
column densities of 13°-10?3° cm~2. These absorbers have similar properties to the
high-ionisation absorber phases seen as outflows in somieyn8ayfert 1 galaxies and
QSOs such as NGC 3783 [9], H0557-385 [3] and PG 1114+445 [4].

At these ionisation parameters and column densities, tilserbbrs are likely to
originate in the AGN themselves, rather than in the host)gaeda This solution is
attractive, because it is compatible with the lack of optedinction in these objects:
if the absorber is driven as a wind, either from the accreti@t or from evaporation
of the inner edge of the molecular torus, then dust will belisudted before (or as) it
enters the flow.

With the hypothesis of an outflowing, ionised wind in mind, meev turn to the optical
spectra of our five QSOs, which correspond to the UV in thefnaasie of the QSOs. It
is notable that all five objects show significant absorptioed of CIV (e.g. Fig. 2),
in most cases blue-shifted with respect to the systemichitdsletermined from the
emission lines. Noting that the ionised X-ray absorberssiarhy Seyferts are normally
accompanied by absorption lines in the UV, and assuminghiea)\V absorption lines
in our QSOs are associated with the X-ray absorbers, we @athasdJV absorption line



G RX J094144;
ﬂﬁ z=1.819]
e T %ﬂP
r S E
0.1 T
T% - |
E - ;,, - - o= ;’;% %fﬂ’épﬁ:%_{jﬁfi_*_{»_ﬁai»jﬁj’iﬁ% 7 = ,i’i ,,;
o ' E—"
Channel energy (keV)
T n T T T ]
ol 3 il RX J124913]
L 7=2.236"
s ¥ ™ s 3
s Eﬁwwﬁ*<%ﬁ fffff an
O0.71 ‘ 1 £O

Channel energy (keV)

FIGURE 1. XMM-NewtorEPIC spectra (black) arljlosatPSPC spectra (grey) of three X-ray absorbed
QSO0s. The model is a simple power law with fixed Galactic ghsmm. Compared to normal QSOs,
the spectra are deficient in counts at low energy, indicatigg absorption is responsible for the hard
spectral shape; this is also seen in Rwsatdata. Furthermore, RX J094144 and RX J124913 show some
systematic curvature relative to the power law model.

velocities to investigate the likely kinematics and engogeof the X-ray absorbers. We
also assume that the absorbers have similar filling factor@ Q1) to ionised absorbers
with comparable ionisation parameters in well studiedrimgAGN [3]. We find that for
a typical X-ray absorbed QSO, with a wind outflow velocity ®0® km s, the mass
outflow rate in the wind is about 10 times the accretion ratd,the kinetic power of the
wind is equivalent tov 4% of the radiative luminosity.



cliv RXJ094144 CclIv RXJ121803

M nm I‘“ W‘ ,“ﬂ.

o 1 1 1
—2X10“ - —2x10‘ - 2x10 —2x10* -10t 0 10 2x10'

8
T

1
1
T

6
T

0.5
4

0.5

Flux (106 erg cm2 st A-%)
2

Flux (106 erg cm? st A1)
Flux (106 erg cm2 s A-1)

Velocity (km s?) Velocity (km s?) Velocity (km s?)

FIGURE 2. The rest-frame ultraviolet spectra of RXJ094144, RX J12&180d RX J124913 around
the C IV emission line, exhibiting strong absorption linésCdV. The grey line shows the median QSO
template from Vanden Berk et al. [17].

IMPLICATIONS FOR AGN AND GALAXY EVOLUTION

The low space density of X-ray absorbed QSOs relative to soréed QSOs and to
distant ultraluminous galaxies detected in blank field SBWBrveys, implies that the
X-ray absorbed QSOs are caught during a short-lived triansitphase. Before this brief
phase, AGN must be weak, and heavily obscured [1]; aftepthése the host galaxy is
essentially fully formed, and the naked QSO shines brigintil its fuel is consumed.
A number of theoretical models predict a very similar evidoary pattern. In many
of these models, the QSO terminates the star formation irntis¢ galaxy by driving
a powerful wind [e.g. 15, 6]. The EPIC spectra of our X-ray@bed QSOs suggest
that the absorbers are ionised winds driven by the AGN, aecktbre that the transition
between buried AGN and naked QSO could be mediated by a irsljatriven wind
from the AGN, as predicted by these models.
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