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ABSTRACT

Context. X-ray studies of AGN with powerful nuclear winds are impaitdo constrain the physics of the inner accretégection
flow around SMBH, and to understand the impact of such windhemGN environment.

Aims. Our main scientific goal is to constrain the properties of gadde outflowing absorber that is thought to be launched trea
SMBH of the mini-BAL QSO PG 1126-041 using a multi-epoch aliadonal campaign performed wikMM-Newton

Methods. We performed temporally resolved X-ray spectroscopy amiibaneous UV and X-ray photometry on the most complete
set of observations and on the deepest X-ray exposure ofieBAINQSO to date.

Results. We found complex X-ray spectral variability on time scalébath months and hours, best reproduced by means of variable
massive ionized absorbers along the line of sight. As a cuesee, the observed optical-to-X-ray spectral index ismfbto be
variable with time. In the highest signal-to-noise obsgovawe detected highly ionized X-ray absorbing materiaflowing much
faster ¢x ~ 16 500 km s?) than the UV absorbing one.(, ~ 5000 km s%). This highly ionized absorber is found to be variable on
very short (a few kiloseconds) time scales.

Conclusions. Our findings are qualitatively consistent with line drivesteetion disk winds scenarios. Our observations have apene
the time-resolved X-ray spectral analysis field for mini{BRSOs; only with future deep studies will we be able to mapiyreamics

of the inner flow and understand the physics of AGN winds aed tmpact on the environment.

Key words. Accretion, accretion disks - Methods: data analysis - Tegles: spectroscopic, photometric - Galaxies: quasad§: in
vidual: PG 1126-041 - X-rays: individuals: PG 1126-041

1. Introduction corona |((Haardt & Maraschi 1991; Haardt etlal. 1994). What is

] ] ] clear both from variability and microlensing studies istttige
The structure of the inner regions (sub-parsec scale) a/éct x_ray emission region is much smaller than the UV one and
Galactic Nuclei (AGN), as probed by UV and X-ray observaspans only a few up to tens gravitational radii (¢.g., Moreieal.
tions, seems to be very complex and certainly it is still netlw 20081 Chartas et HI. 2009b; Dai et/al. 2010). An extensivey-r
understood. The optigalV continuum emission is most proba-monitoring of the inner regions of the nearby Seyfert 1.8 NGC
bly due to the thermal emission from an optically thick, ge¢m 1365 made possible to constrain the size of the X-ray ergittin
rically thin accretion disk (Shakura & Sunyaev 1973). Thekdi region to be again a fewy, using a totally independent technique
surrounds the central supermassive black hole (SMBH),-sps{pisami et al[2009b).

ning radii from a few up to several hundreds of gravitatioadii _
(ry = GMgp/c?), i.e. possibly from the innermost stable cir- The UV and X-ray continuum photons are observed to be

cular orbit around the SMBH up to the disk self-fragmentatid@Processed (absorbed, re-emitted, scattered, reflelijedas
radius (e.g.,_Pringle 1981). The origin of the X-ray continu and dust_m the inner regions (_)f AGN, so that we almost never
emission is less clearly understood and is thought to be tR@Serve just the primary continuum emission of these object
result of the comptonization of accretion disk UV seed phdS€e e.9. the comprehensive analysis of Risaliti ¢t al. BGOS
tons into a “cloud” of very hot electrons, the so-called )y_raZOO 7, 200_9a, again on NGC 1365). Conversely, observing the
reprocessing features in the UV and X-ray bands can putgtron

contraints on the geometry, the physical characteristicd,the

Send  gprint  requests to M.  Giustini,  e-mail: gdynamics of the gas hosted in the inner regions of AGN.
giustini@iasfbo.inaf.it i

* Based on observations obtained with XMNewton an ESA sci- In the last few decades, spectroscopy in the UV and X-ray
ence mission with instruments and contributions directigded by band have revealed the presence of substantial columrtigsnsi
ESA Member States and NASA. of ionized gautflowingfrom the inner regions of AGN.
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In the UV band we observe blueshifted spectral absorption BAL and mini-BAL QSOs are actually known to be “X-ray
lines due to resonant transitions of ionized metals such@d M weak” with respect to the average QSOs. A comparison of the X-
Al lll, Si 1V, C IV, NV, O VI. Depending on the width of ray fluxes of BAL and non-BAL QSOs with the same UV flux
the absorption troughs, quasars hosting such featuredase dndicates that BAL QSOs typically have X-ray fluxes that are
sified as Broad Absorption Line Quasars (BAL QSOs, FWHNMO — 30 times lower than those of non-BAL QSQs (Green et al.
> 2000 km s?, e.g!/ Turnshek et &l. 1980; Weymann €t al. 1991:995; Laor et dl. 1997). A number of studies (e.g. Brandtlet al
Reichard et al! 2003), mini-Broad Absorption Line Quasa000; Green et al. 2001; Gallagher et al. Z006) strongly sttpp
(mini-BAL QSOs, 500 km st < FWHM < 2000 km s'), absorption to be the reason for the X-ray weakness. Recantly
and Narrow Absorption Line Quasars (NAL QSOs, FWHMwumber of “X-ray bright” BAL and mini-BAL QSOs has been
< 500 km s?'; seelGanguly et al. 2001; Hamann & Sabrdiscovered, with the latter class being X-ray brighter ass [X-
2004). BALs features are observed-n15% of optically se- ray absorbed than the former (Giustini et al. 2008; Gibsailet
lected QSOs (e.g., Hewett & Foltz 2003; Reichard et al. 2003009a). NAL QSOs have been shown to be generally unabsorbed
Knigge et al. 2008; Allen et &l. 2011). Mini-BALs and NALs aren X-rays, and X-ray brighter than both mini-BAL and BAL
together observed ir 12 — 30% of optically selected QSOsQSOs|(Chartas et al. 2009a).

(Ganguly & Brothertain 2008). The physical link between the UV and X-ray outflowing ab-

Despite the very dierent absorption trough widthssorbers, and the dynamical behavior of the wind, are far from
observed, BAL, mini-BAL, and NAL QSOs share thebeingunderstood. Reported estimates of the distances atth
same velocity ranges, reaching UV terminal velocitié§, sorbers from the central SMBH range from the inner regions of
from a few 16 km s?' up to several 19 km s*{ the accretion disk (e.g., Chartas et al. 2009c), to the passale
(e.g., |Rodriguez Hidalgo etlal. 2007; _Misawa et al. _2007¢grus (e.g.,_Blustin et al. 2005), to the kiloparsec scateg. (
Gibson etal.. 2009b). Furthermorely is known to corre- IDunnetal! 2010). Currently the uncertainties of the laimgh
late with the continuum luminositizyy (Laor & Brandt 2002; radii are relatively large, which translates to a high utaiaty
Ganguly & Brotherton 2008), meaning that the highest teaiinon the mass outflow rate and on the kinetic energy injection
velocities are observed in the objects with the highest UN-coassociated with such winds. It could also be that the launch-
tinuum luminosity, suggesting an important role of the AGM U ing radii depend on the mass of the SMBH. Constraining the
radiation pressure in the acceleration of such winds. physical mechanism responsible for launching and acd#igra

In the X-ray band absorption due to ionized species, suchA&N winds, i.e. understanding the link between the accretio
N VI-VII, O VII-VIII, Mg XI-XII, Al XII-XIll, Si XIlI-XVI, as and ejection processes in AGN, can help not only in undedstan
well as L-shell transitions of Fe XVII-XXIV, are observedibe ing the evolution of these sources, but also in quantifyiregrt
blueshifted by a few hundred to a few thousand kiis ~ 50% impact on the surrounding environment, i.e. the amountexdfe
of type 1 AGN (the “warm absorber”, e.gl__Reynolds 1997ack (see e.d. Di Matteo etal. 2005; Scannapieco et al.| 2005;
Piconcelli et all 2005; McKernan et/al. 2007). Moreover, éa r [Elvisi2006).
cent years, thanks to the high collecting area of X-ray bts! In this article we present the results of an XMNewton
such as XMMNewton Chandra and Suzakuy blueshifted ab- observational campaign on the mini-BAL QSO PG 1126-041,
sorption lines due to highly ionized gas (i.e. Fe XXV, Fe XXVIthat provides both the largest dataset (four pointings) thed
outflowing at much higher velocity, ~0.05-0.2) have been deepest X-ray exposure (130 ks) on a mini-BAL QSO to date.
observed in a number of AGN, at both low and high redshift (sdéie source is extremey interesting in showing all the thiee a
e.g/Pounds et al. 2003; Cappi 2006; Tombesi kt al. 2010agb, gorbers discussed above: mini-BALs in the UV, an X-ray warm
references therein). In particular, X-ray BALs in He-liken, absorber, and a highly ionized, high velocity X-ray absogbi
blueshifted up tasey = 0.7c, have been observed in gravita-outflow. Constraining the X-rayV properties of this source can
tionally lensed BAL and mini-BAL QSOs (Chartas etlal. 200ive precious insights into the physics of AGN winds.

2003/ 2009c). The structure of the article is as follows: Sectldn 2 sum-

Theoretically, powerful winds can be launched from AGNnarizes the source properties known from literature; 8addi
accretion disk either by thermal, magnetic or radiativesprereports on the new XMMNewtonobservations and data re-
sure (see e.d. Konldl 2006; Everétt 2007; Proga 2007, fordiction. EPIC pn timing analysis results are first preseirted
review). The thermal mechanism can account for low veloci§ectiori#; EPIC pn and MOS spectral analysis is then pregente
outflows arising at large radii (e.g. the X-ray warm absarbep Sectiorib (average spectra of each epochj and 6 (timevezsol
Chelouche & NetzEr 2005); instead, in order to explain the e%009 Long Look pn spectra). Section 7 contains the results of
treme velocities observed in the other absorbers, eithgnetae  Multaneous opticAX-ray photometric analysis. Results are dis-
or radiation pressure must be invoked. For instance, linedr cussed in Sectidi 8 and conclusions are presented in SEttion
accretion disk wind models show that at high accretion rates A cosmology withHo = 70 km s-1 Mpc™, , = 0.73 and
the UV radiation pressure from the disk can be high enough%wm = 0.27 (Komatsu et al. 2011) is used throughout the paper.
launch powerful winds from distances of the order of a fevsten
of rgq. Inthe inner part of this flow high column densities of X-ra )
absgorbing gas shield the wind from the strong X-ray conlinuu)Q' PG 1126-041
source, preventing it from becoming overionized (Murraglet PG 1126-041 (a.k.a. Mrk 1298) is a nearhy=(0.06) radio quiet
1995; Proga et al. 2000; Proga & Kallman 2004). Thus, the g&&N with a luminosity in between those typical of Seyfertslan
ometry and the dynamics of such winds depend critically @ tiQSOs Mg = —22.8, Lo ~ 10%L,, [Schmidt & Green 1983;
UV/X-ray flux ratio and on the AGN accretion rate. On the othé3anders et al. 19809; Surace et al. 2001). Its optical strenl F
hand, for the launch and acceleration of magnetically drilisk and weak [O Ill] line emission.(Boroson & Green 1992) are
winds, there is no need for X-ray shielding, and the accneticharacteristics of Narrow Line Seyfert 1 galaxies (NLS1), a
rate is not a critical parameter; the ionization state ofghs, though the FWHM of its I8 line of 2150 km s! is slightly
that is a critical parameter, will however still depend oerth larger than the 2000 km~% value used in defining NLS1s
(e.g./Konigl & Kartje 1994; Everett 2005). (Shuder & Osterbrock 1981). Its black hole mass is estimated
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Table 1. Main properties of PG 1126-041 Photon Imaging Camera (EPIC) MOS cameras, and with ener-
gies 10 keV< E < 12 keV for the EPIC-pn instrument. We

RA 11h 29m 16.6s @) then filtered out the time periods in which there was signifi-
DEC -04h 24m 08s (@) cant background flaring. Source counts from the cleanedteven
z 0.062 (@) files were extracted from circular regions centered on the PG
Do 284 Mpc 1126-041 position, with-30-45" radii, depending on the signal-
g 435x107%cm?  (b) to-noise ratio (8\) as determined with theregionanalyse
E(B-V) 00S5mag (© task. Background counts were extracted from circular mejio
M 50-12x10'Mo  (d-€) of the same area as the source ones. We retained up to double
E‘B é‘ggzlrgﬁ‘ﬁ f(a) events (flagged aoMME A EP) for the pn dataset and quadru-
Lb"' o ?043 ergesl 8) ple events (flagged asxMMEAEM) for the MOS datasets.
U‘ujgtlo 5000 km S ©) For eac_h qlatz;set we gen_erated the ancillary response file and
o 16500 km st (h) the redistribution matrix file at the source position usihg t

tasksarfgen and rmfgen. Source light curves were created

_ in different energy bands and corrected with #pdclccorr

References: (a) Schmidt & Green (1983);1(b) Kalberla 2248106); (¢)  task for both the local background and the mirfdesector in-

gchlegeltet lal('z%(?%g)(;ﬂ(‘g Vesterg:ae;rc(iz%g 1e)te(rs;)o\|;1v(20(?é§9()) efficiencies. Due to the low X-ray fluxes involved, pile-up ef-
asyra eLa.( - (fLsurace el al. { AQLIVANGEEAIZY),  facts are negligible in our spectral analysis. For the sagae r

(h) This work, referred to the 2009 Long Look observation. son we cannot make use of the reflection grating spectrometer

(RGS) aboard XMMNewton Optical Monitor (OM) data were

all taken in Image mode and were processed using the standard

to be logMgn/Ms) ~ 7.7 using thel ,(5100A) continuum lu- procedure as suggested by the XMiéwionSOC.

minosity density and the FWHM(# measured from a single-
epoch optical spectrum, and the empirical relations relort
by [Vestergaard & Peterson (2006). However, the stellarcvelo

ity dispersion in the host galaxy of PG 1126-041 measured fro™

the stellar CO absorption line width in the VLT H-band specrpe |eft panel of FigllL shows the background-subtracted 0.2
tra gives a slightly higher black hole mass of Ib/Mo) ~ 10 keV pn light curves of PG 1126-041, for each epoch of
8.1 (Dasyraeteal. _2007). PG 1126-041 is also classified gfservation, binned to 1 ks. Compared to the light trave&tim
“soft X-ray weakf] by [Brandt et al.[(2000), Who.measured aR = ry/c, the time bin corresponds te 1.5 — 4r, for the two

@ox ~ —2.19 based onROSAT X-ray observations and on gigerent estimates for the black hole mass of PG 1126-041.

the optical flux density as given by Neugebauer etal. (1987). the variations on month timescales are dramatic: the source
Tananbaum et all (1986) measured@p = —1.90 referring ,, increases by a factor of 4 from December 2004 to

to an earlierEinstein X-ray observation and the 2500 A restpecember 2008, then comes back to a low count-rate regime in
frame flux density as given by Schmidt & Green (1983). Neithg{;ne 2009. For comparison, the average 0.2-10 keV pn spéctra
of theseaox measurements were based on simultaneous X-i@ych epoch of observation are shown in the right panel offFig.
and opticglUV observations. Wang etial. (1999) report on thfost of the spectral variability on month time scales ocaitrs
IUE andROSATobservations of PG 1126-041. The 19%E  energiesE < 6 keV. The spectral shape is peculiar and obviously
observation shows a high velocity UV absorbing outflow ageviates from a simple power law. A prominent broad absorpti
mini-BALs in }he C IV, NV, and Si IV ions blueshifted up to feature is evident in all the spectra aroufe-0.6-1.5 keV.

~ 5000 km s*. The simultaneouROSATpointing revealed a ¢ high signal to noise (8) ratio and the long contigu-

0.2-2 keV spectrum best fitted by a steep powerlglz\év erPZiSSiB[]s good exposure time allowed us to perform a more detailed
withT ~ 2.8, absorbed by a column denshtly, ~ 3x10%cm™™  iming analysis on the 2009 Long Look pn exposure.

of ionized gas, log ~ 1.7 erg cm s'. A subsequentUE spec- - -
trum taken in 1995 showed a continuum brighter by a factor gool?gMu;ea[z sslarsfrir:grl\z/gﬁggmt;eiglﬁ/sl.s.'I'h(i/zliifct]hp;nngl ;h o;/’vosotahe
two and weaker absorption lines. Komossa & Meerschweinchgg ot 4| 2004) computed on the 0.2-10 keV band: on ver,y
(2000) confirmed the detection of ionized absorption in M short time. scales (ks) the source flux. is varying up ,[(') 50% at
ROSATspectrum and also suggested X-ray temporal Va”ab'l'gﬁergiesE 2> 1.5 keV, while it is constant at lower energies.
on t|mescal_es as shor.t as 800 s. . The middle panel shows the background subtracted lighésurv
The main properties of PG 1126-041 are summarized U}racted in the 0.2-1.5 and 1.5-10 keV band; following ttte 1
Tablell1. 10 keV band flux fluctuations, we splitted the exposure inteigh
time intervals on which we perform temporally resolved $pdc
analysis. Three representative spectra extracted duragnd,
the 7th, and the 8th time interval are shown in the right panel

XMM-Newtonobserved PG 1126-041 four times, once in 200200st of the spectral variability on ks time scales occurs.at 1
December, twice in 2008 June and December, and once mbgd < E < 9 keV.
in 2009 June. In Tablgl 2 we list the main parameters of each From the timing analysis, it follows that the X-ray spectra
dataset. We reduced all the datasets usingM#1-NewtorSAS of PG 1126-041 can be divided in two spectral components:
v.10.0.0 and calibration files generated in August 2010efaeh one dominates & > 1.5 keV and contributes 100% to the ks
dataset we extracted the light curve from the whole field efwi time scale variability, while the other one dominates atdow
of events with energies greater than 10 keV for each Europegftergies and is significantly variable only over longer (thpn
time scales. With these considerations in mind, we procetd w

1 Soft X-ray weak sources are those being characterized bypan ¢he analysis of both the average (Sétt. 5) and the time regolv
served optical-to-X-ray spectral indexx < —2, see Sectiofl 7. (Sect[®) spectra.

Timing Analysis

3. Observations and Initial Data reduction
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Table 2. X-ray observation log

OBSID Date Duration Exposure Mode  Filter Count-rate 1og-2 log fo-10 Epoch
M1/M2/pn MOS/ pn pn pn
[ks] [ks] [0.1cts? [ergem2s1]  [ergcm?s
@ @ 3 4 (©) (6) ) 8 (10)
0202060201  1/31/2004 33.8 32.932.9/28.3 Lw t 0.610.02/2.01+0.03 -12.89 -11.93 Dec. 2004
0556230701 0852008 31.4 3.735/3.2 FF m 0.910.05/ 3.01+0.10 -12.57 -11.76 Jun. 2008
0556231201  1/232008 11.9 4.94.7/3.7 FF m 1.680.06/5.93:0.20 -12.31 -11.60 Dec. 2008
0606150101 0&1/2009 134.3 85.489.2/91.2 FF m 0.5%0.01/1.96+0.02 -12.81 -11.99 2009 Long Look

Notes. Col.(1): Observation ID; Col.(2): Date of observation; €8): Nominal duration of the observation; Col.(4): Net egpre time for each
instrument after the background flaring filtering was appli€ol.(5): Observing Mode, LW Large Window, FEFull Frame; Col.(6): Optical
Filter applied, £thin, m=medium; Col.(7): Net count-rate in the 0.2-10 keV and 0.3¥ kange for the EPIC-pn and EPIC-MOS instruments,
respectively, after the local background subtraction; @unl Observed EPIC-pn flux in the 0.2-2 keV band; Col.(9)s@tved EPIC-pn flux in the
2-10 keV band; Col.(10): Epoch name as used in the text.
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Fig. 1. Variability of PG 1126-041 over month time scales. Left dabackground subtracted 0.2-10 keV pn light curves exéat
the four diferent epochs aKMM-Newtonobservations and binned to 1 ks: December 2004 (blue sQuduve® 2008 (red circles),
December 2008 (green triangles), and 2009 Long Look (blacles). Right panel: the time-averaged pn spectra cooredipg to
the time intervals shown on the left and using the same coldes.
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Fig. 2. Variability over kilosecond time scales detected duringg2009 Long Look observation. Left panel: RMS variabilityreco
puted for the pn observation over the 0.2-10 keV band; arroask upper limits, error bars are at-Xonfidence level. Middle
panel: 0.2-1.5 and 1.5-10 keV background subtracted phdigives binned to 2 ks; the numbers in the 1.5-10 keV lighteunark

the eight time intervals on which time resolved spectralymiswas performed. Right Panel: three representativetispextracted
during the 2nd, the 7th, and the 8th time intervals of the 2008y Look observation.

5. Spectral Analysis: the average spectra Galactic absorption by a column densi§? = 4.35x107° cmr2
(Kalberla et all 2005). We focused our analysis on the 0.2-10
In our spectral analysis we used thiepec v.12.6.0 soft- keV band of the pn data, and on the 0.3-8 keV band of the MOS
ware. All the spectra were grouped to a minimum number déta.

20 counts per energy bin in order to apply jffestatistics in the

search for the best fit model (AVni 1976). Errors are quoted at We fitted simultaneously the average spectra of the four

1o confidence, unless otherwise stated . All the models includpochs, Dec. 2004, Jun. 2008, Dec. 2008, and 2009 Long Look,
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a deficit of counts at the highest energies probed by the EPIC

camerakE ~ 7-10 keV, and (c) a cutbatE < 2 keV.

e o We then tested several models of increasing complexity, in

o < order to reproduce the complex spectral shape of PG 1126-041

~ A neutral absorber fully covering the emission source is not

& = required by the data. On the other hand, allowing for the ab-

g o sorber to be only partially covering the souregp€fabs model

e in Xspec) significantly improves the fit statistics with respect to

g the power law modelXy?/Av = 5148/8), but still gives an un-

S =S¢ acceptable fity?> ~ 2.3). A better fit for the same number of

- # ] degrees of freedom\§?/Av = 6567/8) is given by a ionized
S —+—+——++++ 1 absorber totally covering the source (modeled wihaifd), but
“ E*WW 3 again, the fit is statistically unacceptabjé ¢ 1.5).

F o Ly -.-!ul.uni%d nwf The ionized absorber was then allowed to be only partially
" E W W\h} covering the X-ray source (model A), by adding a secondary
= et T soft power law with the same slope as the primary one. The ra-
T 05 1 2 5 tio between the normalizations of the two power laws gives th

Observed Frame Energy (keV) fraction of the direct (unabsorbed by intrinsic absorpifiax
g T ™ LR L F; the absorber covering factor is th€pn = (1 — F). We obtain
N E b E an improvement in the fit statistics af?/Av = 341/4, and the
F of ] resulting fit is marginally acceptable, withy@ ~ 1.199.
v B = The model A parameters are reported in Table 3 along with
-+ — their 1o statistical errors. We note how the direct flux fraction
w E 3 in every epoch is around 2-3%, as is observed for the scat-
= : I| . . YL Y tered component in absorbed AGN; scattered emission accom-

< i 2 |_’_|"1.¢J' T Mg panied by recombination emission lines would be naturally a

I E 3 sociated to the presence of ionized gas along the line of.sigh
+H ————+—++++ Unfortunately, with the 8\ of our observations we can not dis-
n M E criminate among the partial covering and scattering séesar

X of e lm : in reproducing the soft band residuals, and the seconddry so
n E : power law physical interpretation is not unambiguous. T® th
rE w L M first order, model A is able to reproduce the complex spectral

0.5 1 2 5

shape of PG 1126-041, in particular recovering the €uab
Observed Frame Energy (keV) E < 2 keV and most of the soft band spectral residuals. While
the Jun. 2008 and Dec. 2008 spectra are overall well repeatjuc

Fig.3. Top panel: average 2009 Long Look pn (black), mMosthe low flux states of the 2009 Long Look and Dec. 2004 still
(red), and MOS?2 (blue) spectra modelled with a power law em&N0OW strong residuals & < 1 keV andE > 6 keV. o

sion absorbed by the Galactic interstellar medium, alorty wi _ In particular, the top panel of Figl 4 shows a magnified view
the residuals to the model, scaled by the error bar. Bottarelpa Of the 4-10 keV residuals of the 2009 Long Look pn data, rela-
spectral residuals to the power law model for the other thré¥e to the simple power law emission (top panel) and to model
epochs: Dec. 2008 (green triangles), Jun. 2008 (red cjreles A (lower panel). The two arrows mark strong negative residu-

Dec. 2004 (blue squares); the data have been rebinned i vigils at~6.7 and 7 keV in the observer frame. We make an initial,
purpose only to respectively 5, 5, ana.7 phenomenological model for these residuals by adding Gauss

profiles with negative normalization to model A of the 2009
Long Look dataset. Even though the model adopted is only a
rough approximation for a more complex physical contex, th

to investigate the causes of the observed variability ontmory4qic properties such as the FWHM and the EW of the absorp-
time scales. For each epoch, the model parameters were kg features are still physically meaningful. The inctrsiof
fixed between the MOS and the pn datasets, except for the Rl narrow (unresolvedr = 0 eV) Gaussian absorption lines

mary power law normalizations that were left free to varyhwit improves the fit statistics byy2/Av = 60/4 with respect to

10% to account for the instrumental cross-calibration a@®  ,odel A. The energies and equivalent widths of the two ab-

ties. For the sake of clarity, in most of the following plot aleow sorption lines areE'i\bs _ 7-02+8'8g and Egbs _ 7-36+8'8§ keV.

the pn data only. o . Webs = 8029 and EWEPS = 412732 eV, in the source rest-
The spectra were initially fitted to a simple power law mod

1 : X o
with fixed slope and free amplitude betweerifelient epochs. rame. Allowing the widths of the absorption lines to be free

L o X arameters does not improve the fi€/Av = 2/2). In the bot-
Results are shown in Figl 3. The fit is very poor, with a Cfﬁ)m panel of Figl4 we show the 99% confidence contours for

square per degrees of freedgityv = 8801/1591, and a very th
flat photon indeX” ~ 0.6. The spectral residuals of all the four
epochs have a similar shape, and indeed allowing for therspec, We applied the precompiledirid2s, publicly available at
slope of the power law to vary between epochs does not Iml:)mf“"t%://legacy.gsfc .nasa.gov/software/plasma_codes/xstar/xspect

the fit statistics. Three main deviations from the simple @oW\yhich'is computed for an ionizing continuum with= 2, a gas shell
law model are consistently observed in spectra from allth&et with n = 10" cmr3, a turbulent velocityv, = 200 km s?, and

instruments and in all the four epochs of observation: (a) bosolar abundances, sée_Kallman & Bautista (2001) and Xdwear
negative and positive residuals in the soft baad; 1.5 keV, (b) documentation.

e absorption lines centroid energy and (negative) nozaal
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Table 3. Spectral analysis results of the simultaneous fit to the Rest Frame Energy (keV)
average spectra of each epoch 424 53 636 742 848 954 106

4

Jun. 2009 Dec. 2008 Jun. 2008 Dec. 2004 =
Model A: ionized partial covering &) -
Xspec: zpo, + XSTAR*zpo; OI
r 2.15f8:8%
Niev 10553 18955 14095  1.00%G x O
NG' 143605 49rgl 79703 97833 Y9
ogen 16630 144g  1588%  Ls7iH = S . ]
szf“-i- 0-97,*8;81 0'9&8:81 0'9&8:81 0-97,*8;81 4 5Obse:rv?ed FramZ: Energ§ (keV)9 0
x°/v 18931579 . SR e A
Model B: ionized partial covering highly ionized absorber
Xspec: zpo, + XSTAR1*XSTAR2*zpo; ~
r 2.1479% ; 2l ]
Ny 11299 18201 1418%  1019% g 7
N 14.820%  3479%  6.930% 97592 cl
loge™  1.6675 12950 15455 15750 £ <t
cp 09799 0983% 0983  0.979% s 2 i
Ni- 751808 <682 <615 625474 ELOE g &
loge  3.435%9 <3.00 <273 3.75212 = Z 5 2 2
Wi 005499 0.0 0.0° 0.0° 5 I A - -
XZ/V 17731570 6.5 7 7.5 8 8.5

Absorption Line Rest Frame Energy (keV)

Notes. Units are the following: [16* ph s keV-! cmr?] for the Fig.4. Top panel: 4-10 keV spectral residuals of the 2009 Long

power law normalization\; wev; [1022 cmr?] for the column densities LOOK pn data, relative to the simple power law model (top fjane

Nw, NI, and Nf#-; [erg cm s?] for the ionization parameters ¢™-, and to model A (bottom panel). The two arrows mark strong

and ¢h'; ¢ for the highly ionized absorber outflow velocity,; the negative residuals that are present in both cases. Datebeave

photon indeX™ and the covering fractio@; are adimensional parame-rebinned to 3 significance. Bottom panel: 99% confidence con-

ters. Errors quoted are atrconfidence level. a superscripted F denotepurs for the rest-frame normalizations and centroid enerfg

a fixed parameter. the absorption lines used to model the residuals; the blaok ¢
tours refer to the addition of the absorption lines to thepsém
power law model, while the red ones to the addition to model
A. The dotted blue lines refer to the two main spectral ti@msi

tion, in the source rest-frame. The thin black lines arerrete of highly ionized iron, Fe XXV He and Fe XXVI Lya, both

to the addition of the absorption lines to the simple power lap|yeshifted byout = 0.055C.

model, while the thick red lines are referred to the additién

the absorption lines to modeBAThe four vertical green lines

mark the theoretical erjergies of the strongest _transitdliri'se to be a free parameter; given the much lowgX 8f the other

XX\_/_and Fe XXVI, while the wo dotted blue Im_e_s mark thethree epochsp, we fixed t?]e velocity shift of this component to

position of the Fe XXV Her and Fe XXVI Lya transitions (rest- o 1\, "The addition of the highly ionized absorber sigaifitty

frame energie€ ~ 6.70 and 697 ke_V), both blueshlfted by improves the fit with respect to the moderately ionized p#yti

Vout = 0.05%c. The co_rrespondence W'th. tble_tectecb_nergles IS covering absorber modeh(?/Av = 122/9), and overall gives

striking, so we identify the two absorption lines with thée® 4 v hresentation of the datd (- 1.128). Spectral param-

for the opacity In the soft band has an lonisation Sate tap IGSLSrS. 29nG Wih thei errors are reported n Teile 3, model B

to account for the strong absorption in the iron K band. So he corresponding theoretical model is plotted in top paxiel

added another layer of highly ionized (h.i.) gas modeledmgqhg'E’ while the spectral residuals to the model are ploitted

: . . e bottom panel of Fidll5 for each epoch.
with XSTAR. We used the same input parameters agthiel 25 - . .
but we find a turbulence velocityup, = 1500 km s* to better Significant residuals & < 1 keV relative to model B are

reproduce the residuals. Only in the case of the 2009 Lond Logresent only in the 2009 Long Look and Dec. 2004 spectra.

. . : o he residuals could be either due to an improper modelizatio
data we allowed the velocity shift of the highly ionized atiea of the absorbers, or to an unmodelled component that emerges

3 We note how the EW of the second absorption line is lower whéf] the soft band when the source is in a low flux state. In any

added to model A than to the simple power law model. This iabse case, we know from the timing analysis performed in S@qt. 4
in model A some of the high energy negative residuals aretmted that in this energy range the source shows no spectral vlariab
for by the massive partially covering ionized absorberomf of neu- ity over short time scales. We find a statistics improvemént o
tral and moderately ionized Fe absorbing photong of keV in the Ax?/Av = 42/2 andAy?/Av = 23/2 for the addition of two
observer frame. narrow Gaussian emission lines with centroid energies and n




M. Giustini et al.: Variable X-ray absorption in PG 1126-041

Table 4. 2009 Long Look observation time slices over which
time resolved analysis was performed.

Interval  Exposure Count-rate  fo_q9 foo-10

21.1 0.1880.003 0.879%8  1.0070%9
30.0 0.1560.003 0.718383 0.83j&8§
5.4 0.212:0.007 1.17;848i 1.32;8;8i
75 0.195.0.005 0.923388 1.12;8-89
46 02150007 11790 132088
54 0.1940.006 o.9a§f§§ 1.12_%3;
7.7 0.3380.007 2.113% 2.31:%

9.2 02450006 13804 15400

=005 —006

[EEY

1073

keV (Photons cm™2 s~! keV-!)
O~NOORWN

0.2 0.5 1 2 5 10

Observed Frame Energy (keV) Notes. Col.(1): Time interval as marked in Figl 2; Col.(2): Expasur

time in ks; Col.(3): 0.2-10 keV pn count rate in ctsCol.(4): best fit
pn observed flux computed over the 2-10 keV observed bandjiis u
of 102 erg cn? s7%; Col.(5): best fit pn observed flux computed over
the 0.2-10 keV observed band, in units of ¥0erg cnt? s™1. Errors
quoted at & confidence level.

Ay,

Ay,

data, suggesting the presence of complexities in the Fe K.ban
We note that at these energies PG 1126-041 is highly variable
over kilosecond time scales (Selct. 4). The addition of a Fe |
- Ka emission line, forced to be narrow and with a centroid en-
ergy of 6.4 keV in the source rest-frame improves the fit stati
= ——+—+—++ —————++ tics by Ay?/Av = 15/1, corresponding to a significant detection
C (F-test probability> 99.97%). The best fit model statistics is
‘mﬁﬁ ,_I«_ﬂ M!“%MAL% . x?/v = 1691/1565, with a reduced chi squayg = 1.080. There
o ¥ m LE are still shallow residuals in the Fe K band, that could be ei-
M, SR o ther modeled with a broad Gaussian emission line, a redtitvi
0.5 1 2 5 Fe Kline, or a partial covering absorber, in all cases sujges
Observed Frame Energy (keV) the possible presence of further complexities in the irorald
(see M. Giustini Ph.D. thesis for details). However, giviealbw
Fig.5. Top panel: the solid lines show the power law emissiogtatistical significance of the residuals, their appeagamty in
after the passage through two absorbers, one of which isjart the 2009 Long Look observation, and the high variabilityrad t
covering the source (model B). This model was fit to the avegource at those energies over short time scale during the sam
age 2009 Long Look (black), Dec. 2008 (green), Jun. 2008 (redbservation, we do not try to model these residuals and turn o
and Dec. 2004 (blue) epoch spectra. The dashed lines represéiention on the time resolved spectral analysis of the 200
the direct continuum components that are not absorbedoBottLook data.
panel: average 2009 Long Look (black points), Dec. 2008(gre
triangles), Jun. 2008 (red circles), and Dec. 2004 (bluessg) i i
spectral residuals relative to model B: the data have been fe Time resolved spectral analysis

binned for visual purpose only to respectively 15, 5, 5, abd.1 \ve perform time resolved spectral analysis on the EPIC pa dat
extracted in the eight time intervals of the 2009 Long Look ob
_ servation marked in the middle panel of Hi§j. 2. Exposuregime
malizations fixed between the epochs. The best fit rest-feame and background corrected count rates are reported in [THble 4
ergies areES™ = 0.55'001 keV andES™ = 0.9173 07 keV, while  each interval. Given that the count rates are the same inaeve
the equivalent widthEWS™ ~ 10— 30 eV andEWS™ ~ 15-40 intervals, we merged thé%and the ' intervals together and the
eV, depending on the epoch of observation. The fit statiafies 4" and the &' one together. The unfolded 0.2-10 keV pn spec-
the inclusion of the two soft emission linegi%/v = 1710/1566. trum is plotted in Fig[l for each of the six resulting intdeva
The observed energies might correspond to O VII K and FeAt energiesE > 1.5 keV there are variations of about 50% on
emission features, but the exact identification is prolvibitvith  a few kiloseconds timescales (e.qg., from tHé @ the 3¢ time
the pn spectral resolution. Physically, possible contdtsito interval, and from the to the 8" time interval), and variations
the soft emission can be a scattered component accompaniedd high as 100% with respect to the average are observed dur-
recombination lines from a photoionized gas, thermal eimiss ing the 7" interval. All the spectra were simultaneously fitted to
from an underlying starburst component, or a mixture of the t the best fit model B described in the previous section, with al
(e.g. IRAS 13197-1627, Miniutti et al. 2007). UnfortungtB®G the parameters tied between the time intervals except than f
1126-041 is not detected by the RGS, and the pn spectraliresthe power law normalizations. The fit to the data is acceptabl
tion does not allow to distinguish among théfeient scenarios, y?/v = 925/889, however the model fails to properly reproduce
thus we do not try to further model the soft residuals. the Fe K band absorption residuals. Allowing for the higloly-i
As for the high-energy residuals, an excess of counts at abed absorber column density and ionization parameter ity va
served energieE < 6 keV is present in the 2009 Long Lookwithin each temporal slice improves the fit by?/Av = 45/6.

oL 1T by L L 1T T 1 1

Ay,

Ay,
—42024-42024-42024-42024
. :
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Fig.6. The unfolded 0.2-10 keV EPIC-pn spectra extracted in . : .
the diferent time intervals marked in Fifl 25'(black), 2 e "y P Esr - o 1
(red), 39 + 5" (green), 4 + 6" (blue), 7" (light blue), and & & \ﬁ 50 Q Lyl
(magenta). Data points have been visually rebinned i@ &06n- s 1- ?Xr FN\Ji OQ ]
fidence level. : : : e, L R
5 6 7 8 9 6.4 6.6 68 7 72

Observed Frame Energy (keV) Observed Frame Energy (keV)

Because of the much lowey!$in individual temporal slices, it F19: 7- Left panels: 5-9 keV residuals for each temporal slice
is not possible to assess whether the absorber varied imeold® Model B, after the variable highly |o?|zed outflgwmg ab-
density, ionization state, or a combination of them. Flwes- SOTber was removed. From top to bottorf: (black), 2 (red),

puted using this best-fit model are reported in Table 4. 3¢ + 41 + 5 + 67 (blue), 7" + 8" (magenta) interval. Right
We then removed the highly ionized absorber from tHR2NelS: 68% (continuous line) and 90% (dotted line) contiden

model, and visually inspected the residuals in each terhpof@ntours for the energy and intensity of a narrow Gaussian ab

slice. Given the similar shape of the residuals, we merged hPrPtion line used to model the residuals in each slice.

3d 4 4t 4 51 4 6 time intervals together, and th& # 8™ time

intervals together. The 5-9 keV spectral residuals are show

the left column of Figld7 for each of the four resulting intels; v T T

time is flowing from top to bottom. There is clear variability St

of the highly ionized absorber over very short time scalas: i = &

particular, there are no signs of high-energy absorptiaimdu % L

the 29 interval, while the &ect of iron absorption during the el

71+ 8™ is dramatic. The right column of Figl 7 shows the corre- g pg

sponding 68% and 90% confidence contours for the energyand S % [

(negative) normalization of a narrow Gaussian absorpiioe | g 0

used to model the residuals. One can see how the complex ab- & &

sorption features at 7 keV in the observer frame do disappear i *

within the few ks that elapsed between tt#dnd the 2¢ time > o

intervals, and then re-develop during the 8" temporal slice. L5k L LT
The ~ 7 keV absorption trough becomes the deepest and the 0.2 05 1 2 5 10
largest during the 7 8" interval, and its shape becomes quite Energy (keV)

complex, as confirmed by the confidence contours. The intense

absorption structure at 6.5 keV does develop in a few ks andFig. 8. The unfolded 0.2-10 keV EPIC-pn spectra extracted dur-
is also visible in the merged 2009 Long Look spectra (top parigd the first 10 ks (black) and during the last 10 ks (red scg)are
of Fig.[d). Summarizing, the continuum power law amplitudef the Dec. 2004 observation. Data points have been vistely
oscillations dominate the observed spectral variabilitgrcks Pinned to 10 confidence level.

time scales. The highly ionized absorber is also observéxe to
variable, while all the other components (i.e. the photatein
the partial covering moderately ionized absorber, and éneomw
Gaussian emission lines) are found to be constant duringlthe
servation.

As for the other epochs, the Jun. and Dec. 2008 obser
tions were too short to search for short-term variabilityo8g
spectral variability is found instead during the 2004 obiagon: Thanks to the presence of the OM aboard XMNéwton simul-
Fig.[8 shows the unfolded pn spectra extracted during thtelfirs taneous opticaX-ray photometry was performed for each epoch
ks (black) and during the last 10 ks (red) of the Dec. 2004 Bbsef observation. The OM data were all taken in Image mode, and
vation. The variability pattern is the same as of the 2009d_onvere reduced and calibrated using standard pipeline pusesd
Look observation i.e. the source is variable on ks time scaldarough theomichain SAS task. Background corrected count

only at energief€ > 1 keV, and its spectral variabilty is domi-
nated by continuum amplitude variations.

VA Optical/X-ray photometry
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rates were converted in magnitudes for each exposure (exprposure time) revealed the presence of a spectral componen

sure times are ranging between 1 and 4 ks). We are inter@stedmerging only aE > 1.5 keV that dominates the variability on

measuringfzspo to compute the optical-to-X-ray spectral indexime scales of kiloseconds (up to 50% variations in flux, Bjg.

ox = —0.384 1095004/ C2kev), as defined by Tananbaum et al. A wealth of information has been obtained both on the intrin-

(1979). We used the weighted mean of the magnitudes mes&: X-ray continuum emission of PG 1126-041 and on the repro-

sured in the filters with ffective wavelength straddling 2650 Acessing media that happen to be in the inner regions of thi8.AG

in the observed frame (2500 A in the rest frame). The relevaffe discuss our results starting from the inner regions atoun

filters are the UVW1 and UVM24¢; = 2910 and 2310 A, re- the SMBH (i.e., th(_e shortest time scales) and moving farier _

spectively). We then corrected this magnitude for Galaetic (i-€., the longest time scales). We adopt the SMBH mass esti-

tinction Ageso = 0.382, estimated using the extinction law ofnate ofMsy = 1.2 x 10° M, as given by Dasyra etlal. (2007).

Cardelli et al. [(1989). Flux densities for each epoch wesnth The May estimated by Vestergaard & Peterson (2006) through

computed using Vega as a calibrator. Optical photometyitses Scaling relations is a factor of 2.4 lower. Adopting the -

are reported in Tablég 5. ric luminosity Ly = 10'” L, (Sanders et &l. 1989) and assuming
As for the 2 keV flux density measurements, we used o@ accretion giciencyn = 0.1 gives an accretion rate needed to

best fit model to measure the Galactic absorption correetstd POWer PG 1126-041 a ~ 0.7 Mo/yr and an Eddington ratio

frame ey for each observation. Flux densities were then corl-= Lbol/Ledd ~ 0.26. The gravitational radius ig ~ 1.8x 10'°

verted to luminosity densities, and the optical-to-X-rgpes €M and the corresponding light travel timeiis~ 600 s.

tral index was computed. It is well known that thg, spec- _ Two absorbers are detected in the X-ray spectra of PG 1126-

tral index in AGN strongly depends on the intrinsic UV con041, a moderately ionized (lag™ ~ 1.5 erg cm s°) and a

tinuum luminosity (e.gl, Vignali et 4. 2003; Strateva ef24105; highly ionized (log™" ~ 3.5 erg cm s7) one. Strong variations

Stefen et al.[ 2006/ Young etal. 2010). We compare the oBf both the intrinsic continuum and of the highly ionized -out

servedao, With the valueaox(f,5001) €Xpected on the basisflowing absorber are responsible of the observed kilosetored

of the 2500 A UV luminosity of PG 1126-041, using Eq. cale variability. The power law photon indEx- 2 is found not

of Steffen et al. [(2006), which gives us the parametegy = 0 vary on kilosecond time §cales, yvhlle the intensity ofithe

dox — aox({zsooz\)-‘ We note that in the UV luminosity range oftrinsic power law spectrum is following the pattern of th_5—10

PG 1126-041 there is arispersion in the expecte(£sqox) keV count rate over the whole observation (see the middle bot

of about 0.1, so that only values [#feqx| > 0.1 are statistically tom_panel of Fid.P a”‘{,;.atﬂ@ 4), and dOUb.IeS. in atime intesval

significant (Stéfen et all 2006). We also computed #3¢", lu- Iastl_ng_abput 8 k_s (the'Tinterval). The Vé!”f?‘b"'ty time sca!e of

minosity densities corrected for intrinsic X-ray absooptiand the intrinsic continuum can set a constrain in the geonatsize

: D of the X-ray emission region through the causality argument
the correspondin@gSe™ and AeSY". In Table[6 we report the 2 . S
OpticafX-ray photometry results. D < cAt ~ 2.4 x 10" cm ~ 13r4. The highly ionized absorber

There are variations in the observed luminosity densityh% observed to be outflowing at, ~ 16,500 km s* during

PG 1126-041 both at UV and at X-ray wavelenghts. While tH3€ average 2009 Long Look observation. In the time resolved
observed 2500 A flux density is steadily increasing from 204 gpectral analysis .Of the same EXpOSUre, the outflow[ng Bbsor
ﬁ_found to be variable over very short time scales ([Big. ijhw

- ) 0 [
2009, and is varying by about 30%, the observed 2 keV flux det&e much lower 8 of each temporal slice it was not possible

sity is increasing from 2004 to 2008, and then decreases ags o
: ; - ; 0 assess whether the absober varied in ionization stdtenoo
'?] 2%09’ vg(t)r(\)g/anaémkr: s g%gégt as aLfacliorf;)m N 5.betv\'/Aeen ensity, or blueshift. However, the very short time scalialal-
the Dec. and the ong Look observation. As a r.‘%- ' : '

: : : Ity suggests that the absorber is very compact and very tbose
sult, the observedo is variable between the iiierent epochs, tge ngy source, and that we are po)gsibly%bserving raypiskma
spanning from values typical of radio quiet type 1 AGN (I'e'éf\jections from th’e inner regions of the accretion disk,, etge

@ox ~ —1.7 in the Dec. 2008 observation) to values typical Pase of an accretion disk wind. We note in particular how the

Soft X-ray Weak AGN (i.e.qox ~ —2 in the 2009 Long Look : . .
cbservation). However, compared 1o the expectalagg). 2055yP10% 1S 80 detelopn  very shorime scan
the source is found to be X-ray weak in all the epochs, wi%1 » 109 9

Aaox ~ —0.3 — 0.6. Once the fect of intrinsic X-ray absorp-
tion is taken into account, the maximum observed variations . . )
the 2 keV flux density between theffdirent epochs decrease tc{zassn%lglloméagggg gﬁff?ocmg?etgéaebg%vhrlﬁlté%n::d absorber.
about a factor of two. Consequently, also the,x decreases to 9 ! - :

Aa®" ~ 0.1-0.3. It is worth noting that there could be intrinsic Mout o< A(r) p(r) vour)

UV absorption at the.redshlft of the source, e.g. due by dust\ihere A(r) is a geometrical factor that accounts on how the
the AGN host galaxy; the amount of intrinsic UV absorption igq, diverges,o(r) and vou(r) are the density and velocity of

unknown so we do not try to model it, but we keep in mind thake flow. By assuming a spherically symmetric. isotropie
due to this fect the actual (intrinsicyox might be flatter than ¢4, With ayconstant \?elocri)ty one g/anywrite' ' pieady
corr ! "

By making some assumptions, we can try to estimate the

Aoy - ' 2
Mout = 472'[' n rTH Uoutcf FV (1)
) ) wheremy is the hydrogen atom magsis the absorber distance
8. Discussion from the central SMBHn is the absorber number densig, =

ngQ/47r is the solid angle occupied by the flow as seen by the
central point source, ariél, is the volume filling factor.
If we use appropriate values for PG 1126-041, we can rear-
range the expression and write

PG 1126-041is observed to be highly variable in X-rays orti
scales of both months and kiloseconds. The variability o ti
scales of months (observed to be as highag¥flux) is domi-
nated by a spectral component emergingat 6 keV (Fig.[1).
On the other hand, the RMS variability analysis performed on. 033 (N1y) (10’ ( Vout ) (&) Fo Moyt
the 2009 Long Look pn observation (92 ks of contiguous good™out = ** 11/ \110, 16,500 kmst/ \0.2 v Moy
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Table 5. Optical photometry

Epoch Vv U UVW1 UvMm2 Uvw2 M(2500)
[5430 A] [3440 A] [2910 A] [2310A] [2120A]  [2500A]
Dec. 2004 14.740.01 14.02001 13.8%0.01 1413002 14.0%004 13.60
Jun. 2008 (...) (...) 13.20.01 13.92:0.01 (...) 13.42
Dec. 2008 (o) () 13.820.01 13.86:0.02 (...) 13.46
2009 Long Look (...) (...) 13.564.004 13.6560.008 13.720.02  13.22

Notes. For each filter we list thefeective wavelength; the magnitudes measured in each fikematrcorrected for the Galactic extinction, while
the extrapolated magnitude at 2500 A is corrected for thacial extinction.

Table 6. OpticajX-ray photometry

Epoch logfase 109 faev 10962500 10902kev @ox  Aaox  10g€50n,  aly™ Al
@ (2 ®3) 4 ®) ® @ €) 9 (10
Dec. 2004 2546  -30.46  29.49 2449 -192 -052 2528  -1.68.28-
Jun. 2008 -25.39  -30.17  29.56 2477 -1.84 -043 2531  -1.68.22-
Dec. 2008 2540  -29.80  29.55 2515 -1.69 -0.28 2557  -1.58.12-

2009 Long Look  -25.30 -30.46 29.64 24.49 -1.98 -0.56 25.26 .62-1 -0.20

Notes. Col.(1): Epoch of observation. Col.(2): 2500 A rest frame ftlensity corrected for Galactic extinction, in erg sm2 Hz . Col.(3):

2 keV rest frame flux density corrected for Galactic absorptin erg s* cm™2 Hz . Col.(4): 2500 A rest frame luminosity density corrected
for Galactic extinction, in erg$ Hz™. Col.(5): 2 keV rest frame luminosity density corrected @alactic absorption, in erg’sHz™*. Col.(6):
Observed optical-to-X-ray spectral index. Col.(7)ffBience between the observeg and the one expected on the basis of g, luminosity.
Col.(8): 2 keV rest frame luminosity density corrected fal&tic and intrinsic absorption, in erg*sHz*. Col.(9): Optical-to-X-ray spectral
index corrected for the intrinsic X-ray absorption. Cd)IDifference between the correctef}" and the one expected on the basis of#g,
luminosity.

whereny; = n/10M em3, ryg = r/10rg. In the expression above, 6 : : .
the geometrical covering factor@ C; < 1 and volume filling
factor Fy < 1 are unknown, and depend on the wind geometry
and duty cycle. The density and the radial distance of the flow
are also unknown. Assuming that the outflowing absorber is a
thin spherical shell of gas in photoionization equilibriuome

can use the definition of the ionization parameter Lion/nr? to
replace the unknown density and distance with the rigtig/¢.
However, in addition to the strong assumptions made reggrdi
the spherical geometry of the outflow, there are uncertsraf

the ionizing continuum luminosity, and especially of theuat
value of the ionization parameter that majeat our mass out- :

flow rate estimates. In our spectral analysis results weegliot 2 : : .
only the statistical errors ogt the systematic errors related to ' ‘ ' r

the input parameters used in the photoionization céidedr in

our case) can be much larger, especially for highly ionized aFig. 9. Measured: for the highly ionized outflowing absorber in
sorbers where only a few spectral transitions are avaikabte, the 2009 Long Look spectra, withftgrentTion used as input in
Fe XXV, Fe XXVI). The major dependence of the bestfitalue theXstar simulations; Error bars are purely statistical errors at
is related to the slopE;,, adopted for the ionizing power law 1o confidence level. The vertical dotted line marks the best-fit
continuum. This is because« n,/ny, wheren, is the ioniz- measured’, along with its statistical (dashed lines) and system-
ing photons number density, is the photoionized gas numberatic (continuous lines) errors.

density; fixing the ionizing luminosity, a steepigg, results in

a smaller number of high-energy photons able to strip edestr

from highly ionized Fe than for a flatt€¥on. This leads to larger stricting the slope of the ionizing continuum to values ¢gbiof
best fit values measured fowhen using a steeper ionizing contype 1 AGN, 18 < Ion < 2.2, gives a systematic uncertainty on
tinuum. To show this dependence, we generated seXstalr ¢ of a factor of~ 30. The vertical dotted line marks the best-fit
absorber models using the same input for all the physical paeasured for the 2009 Long Look spectra, along with its statis-
rameters, but dierent slopegion. We then fitted the 2009 Long tical (dashed lines) and systematic (continuous line)rsrttoat
Look average spectra to each of these models, recordingtite have been estimated considering the uncertainties of therpo
fit £ value measured for the highly ionized absorber responsiligy normalization and of the ionized absorbers. The systiema
for the absorption features visible in Fig. 4. Results awdtet uncertainty ore™- is in this case a factor of 6. Just as a com-

in Fig.[9: the systematic error ahare very large, and even re-parison with other literature results, we can roughly eatarthe

Log Ionization Parameter (cgs)
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kinetic luminosityLy, associated to the PG 1126-041 outflow asiodeled by Sim et al. (2010). These authors computed the sim-
follows. We take the best estimate Y- from Fig.[9, consid- ulated X-ray spectra for a non-spherical, hydrodynamiceiex
ering the best-fit measured photon index 2.15 as the slope tion disk wind in an AGN withMgy = 10°M,, accreting with
of the ionizing continuum; for the ionizing luminosity, wake 1 = L/Lgqq = 0.5, i.e., with conditions not too fierent to those
the measured unabsorbed 2-10 keV luminosity listed in T8bleobserved in PG 1126-041. The simulated spectra changé-signi
Substituting the ratio of these two quantities to the pradéic icantly for different inclination angles andftrent snapshots
in Eq.[d, and using the best-fit outflow velocity, one can write of the flow, confirming both the non-spherical character and
the highly dynamical behavior of the X-ray spectrum asdedia
Ct\(Fv 10% -1 with such winds. The spectral signature of such flows incdude
0.2 (ﬁ) % ergs both absorption and emission features. For example, timekiro
band is shaped both by absorption by a highly ionized (Fe XXV,
i.e., less than one hundreth of the bolometric luminositfG@f Fe XXVI) outflowing phase of the wind, and by emission and
1126-041. scattering € the highly ionized base of the flow, that produces a
The uncertainties on the physical quantities related to tl@@mpton bump that mimics a red-skewed iron K line. In the soft
outflow are huge, and the assumptions made to derive thesexpteand € < 1 keV), there are contributions by a blend of emis-
sion for the mass outflow rate and kinetic luminosity areljike sion lines from elements such as C, O, Fe, and bremsstrahlung
to be incorrect. The presence of the accretion disk breaks #mission by the wind. From a dynamical point of view, the same
spherical symmetry by itself; furthermore, the highly ioed ab- model also predicts a flow component that qualitatively show
sorber is observed to be variable over very short time sctiles the same behavior of the highly ionized absorber. At intelime
geometrical and dynamicatfects are most probably very im-ate inclination angles above the disk plane and above the™sk
portant in accretion disk wind scenarios. For these reasbiss of the fast wind, where the gas is most exposed to the X-ray
very difficult to give a meaningful (i.e. with less than a couple dbnizing source, recurrent instabilities with blobs (ouf§s”) of
order of magnitudes uncertainty) estimate of the mass eutflligh density can develop. Some of thesdfpguickly become
rate and of its kinetic ficiency. Although one can not exactlyoverionized and fail to become part of the wind, while otrezns
assess the impact of the fast outflow of PG 1126- 041 on its dye able to bef#iciently accelerated to velocities even higher than
vironment, we stress that its detection is statisticalljdsand those of the fast wind, and well above the local escape wgloci
model-independent. This flow component would observationally be detectabléén t
Turning our attention to the larger scales, we note that ¥tray spectra via large column density variations, and agior
E < 1.5 keV the power law variability is smeared out by théiigh velocity ejections, over short timescales, similavtmt ob-
presence of a soft constant component, ané at 1 keV the served during the 2009 Long Look observation of PG 1126-041.
highly ionized absorber opacity drops (see top panel offBig. This may suggest that radiation driven accretion disk wirndm
so explaining the constant soft flux measured during the &vhalls can account in a self-consistent way for most of the oleser
2009 Long Look observation. As for the soft component, we-ray spectral features in the mini-BAL QSO PG 1126-041.
modelled it as the direct continuum emission that escapes Whodels for the X-ray spectra of accretion disk winds that can
absorbed by a partially covering ionized gas. However, ¢he | be fitted to real data are still under developement, theeefar
fraction of unabsorbed flux, (3 Ct) ~ 0.03, could physically must confine ourselves to qualitative considerations. hewe
correspond also to a scattered component, that would be nate note that in this scenario the radial flow assumption is in-
rally associated to the presence of ionized gas along teeofin valid, and the mass outflow rate associated with the highly io
sight. With the moderate pn spectral resolution it is nosfile  ized phase is overall veryfiierent than in the spherical case.
to distinguish among the fierent scenarios, and unfortunately The moderately ionized absorber, on the other hand, is not
PG 1126-041 is not detected by the RGS. However, we streggiable over short time scales but is strongly variable tivee
that the adopted modeling for the soft band constant comyiongcales of months. Its observed variability is consisterh wie
does not influence the absorbers nor the continuum physaeal pcenario suggested to explain the variability of the UV apso
rameters. tion lines of the mini-BAL QSO HS 16083820 over rest-frame
The PG 1126-041 X-ray variability over long time scales i#me scales of weeks and months (Misawa €t al. 2007b,/201.0). |
dramatic, and is especially pronounced at energies 6 keV. this scenario the variability of the UV absorption linestis re-
The f,ev is observed to be variable up to 4.5 higher in the sigult of fluctuations of the continuum, which is caused by asar
months elapsed between the Dec. 2008 and the 2009 Long Ladklumpy, highly-ionized gas between the UV absorber ard th
observations (Fid.]1). The moderately ionized absorbeteis ctontinuum source. This clumpy screen has similar propeatie
tected in everyXMM-Newtonobservation of PG 1126-041. Itsthe moderately ionized absorber we have found in PG 1126-041
column density is significantly varying between the minimum  The observed optical-to-X-ray spectral index is found to be
NE" ~ 3x 1072 cm 2 measured in the Dec. 2008 observatioRighly variable, following the moderately ionized absartsari-
and the maximunNJi" ~ 1.4 x 10?® cm™? measured in the ability. Althoughaox never gets< -2, when compared with the
2009 Long Look observations. In fact, the moderately iothizeexpectedyox(€,5002) based on the UV continuum luminosity it
absorber column density variations dominate the spec#&id v is found that PG 1126-041 is observed to be Soft X-ray weak,
ability observed on month time scales, together with amgét Aaq.x = —(0.3 — 0.6) depending on the epoch of observation.
variations of the intrinsic continuum up to a factor of twalfle  After correcting for the intrinsic X-ray absorption, theusce is
[B). The ionization state of the moderately ionized absorbstill slightly X-ray weak,AaSS"™ = —(0.1 — 0.3). The observed
logé™- ~ 1.3-1.7 is typical of the X-ray warm absorbers, how-a,y variability driven by X-ray absorption variability is simi
ever the measured column density are much higher than wleatto what Ballo et al.| (2008) observed in the mini-BAL QSO
is usually observed in warm absorbers (seele.g. McKerndn etRG 1535-547. The 2-10 keV unabsorbed luminosity is still very
2007). low, (Lo_10) ~ 2 x 10*3 erg s, and compared withy gives a
A possible physical scenario is that of a UV line driven acsery high bolometric correctiompo ~ 200, that however still is
cretion disk wind as developed by Proga & Kallman (2004) armbmpatible with the,o — aox relation as in Lusso et al. (2010).

1.
Lkin = E Moutvgut ~ 3(
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9. Conclusions Brandt, W. N., Laor, A., & Wills, B. J. 2000, ApJ, 528, 637
. . o Cappi, M. 2006, Astronomische Nachrichten, 327, 1012
Our XMM-Newtonobservational campaign on the mini-BALcardelli, J. A., Clayton, G. C., & Mathis, J. S. 1989, ApJ, 3255
QSO PG 1126-041 allowed us to characterize the complex h@lfrﬁrtas, G., Brandt, W. N., & Gallagher, S. C. 2003, ApJ, 85,
energy spectral behavior of the source with unprecedeseted s h‘i‘ggs’ G., Brandt, W. N., Gallagher, S. C., & Garmire, @02, ApJ, 579,
sitivity. We analyzed data for four filerent pointed observatlonsChartas, G., Charlton, J., Eracleous, M., et al. 2009a, NetioAomy Review,
that totally span 4.5 yr. 53,128

The most evident and model-independent result is the det€bartas, G., Kochanek, C. S., Dai, X., Poindexter, S., & Gane. 2009b, ApJ,
tion of high column densities of ionized gas along the line chh69t3' 124 Ser. C.. Brandt W.N.. Giustin. M. & G b 20096, AD]
sight, that contribute to the observed spectral varighdftthe =~ ~"5085, 2. =6% & Brandh T I, Bsin, i armiep. 2009¢, ApJ,
highly ionized and moderately ionized phase on kilosecantl acheiouche, D. & Netzer, H. 2005, ApJ, 625, 95
month time scales, respectively. In particular, the higbityzed Dai, X., Kochanek, C. S., Chartas, G., et al. 2010, ApJ, 78, 2
absorber is found to be variable on very short (a few ks) tinﬂa;lyra, K#/I-YSTaFCOHIIt- :lg:HIIDaVIeS_, R-Ll-,zegoﬁg- 2N007, P%bzlLOZ

i i atteo, T., Springel, V., ernquist, L. , Nature,

?‘;ta‘.'est’ S;(‘gges“”% an origin very C.'OSE to th% f"\’t')BHaA;fbo U 5. . Baciista, M. Arav. N et al 2010, ApJ, 709, 611
!n rlns!c -ray continuum emission !S observed 1o be vaa Elvis, M. 2006, Memorie della Societa Astronomica Italiaid@, 573
intensity, over both short and long time scales. Everett, J. E. 2005, ApJ, 631, 689

Overall our findings are qualitatively consistent wittEverett, J. E. 2007, Ap&SS, 311, 269
radiation-driven accretion disk wind models predictionbgere Ga”ag*l‘eﬂRS-;’ gfil”dAtv Vg-hN-itChaJ“acsv Gi' elt Z‘Béfo,f" 595%;09
one expects a high column density of X-ray absorbing gggnguly. R Bond, N. A., Charlion, J. C., etal. 2001, Apd,

o . . ) nguly, R. & Brotherton, M. S. 2008, ApJ, 672, 102
shielding the portion of the wind that is accelerated by U-ph gipson, R. R., Brandt, W. N., Gallagher, S. C., & SchneiderP2009a, ApJ,
tons. The hot X-ray component of the wind is also expected to696, 924
be highly variable with time in such a model. The mini-BALGibson, T/i R(-:, JlathL-&B\rfandti_V\é'\é-égéakégoig,lﬁggm
; _ ; itati justini, M., Cappi, M., ignali, C. , , ,

appearance of the wind of PG 1126-041 is qualitatively wnsgreen, P. J., Aldcroft, T. L., Mathur, S., Wilkes, B. J., & BlvM. 2001, ApJ,
tent with an orientationféect, in which our line of sight and the ™ g5g 199
_plane of t_he accretion disk make a Iar_ger angle than when-viegteen, P. J., Schartel, N., Anderson, S. F., et al. 1995, 451,51
ing classical BAL QSOs. We are looking at a narrower range ghardt, F. & Maraschi, L. 1991, ApJ, 380, L51
UV velocities through the wind (hence the small width of th@gﬁ{gﬁf"pM&a@,‘fﬁQ' 'é-'z%&h'isne'w;‘t'rloﬁbiﬁg;v sAgchég?ngtLr% oference
UV absorption features) and at the transition zone between g i o1 311, AGN Physics with the Sloan Digital Sky Syned. G. T.
fast UV wind and the hot X-ray component of the flow, where Richards & P. B. Hall, 203
we expect strong X-ray spectral variability. Hewett, P. C. & Foltz, C. B. 2003, AJ, 125, 1784

The present X-ray observational campaign of the mini-BAKalberla, TP- gABW”t'Bturtcl)\/rl\y%-O ?"E‘ﬁ@mfgg’ Eé'let al. 20084 440, 775

B an, T. autista, M. » APJS, )

QS.Ob'.:;.G 1120?. 041 has Qemonstr?tled thlat flon% and S.hﬁrt QM ge. C.. Scaringi. S., Goad, M. R.. & Cottis, C. E. 2008, RIS, 386, 1426
variability studies are quite powerful tools for identifig the omarsy, E., Smith, K. M., Dunkley, J., et al. 2011, ApJS, 152

physical mechanisms at work, and for mapping the dynamicsidmossa, S. & Meerschweinchen, J. 2000, A&A, 354, 411

the inner accretiq’njection flow in AGN. Konigl, A. 2006, Mem. Soc. Astron. ltaliana, 77, 598

Konigl, A. & Kartje, J. F. 1994, ApJ, 434, 446

Laor, A. & Brandt, W. N. 2002, ApJ, 569, 641

Laor, A., Fiore, F., Elvis, M., Wilkes, B. J., & McDowell, J..Q997, ApJ, 477,
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