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ABSTRACT

We present the analysis &uzakuand XMM-Newtonobservations of the broad-line radio
galaxy (BLRG) 3C 111. Its high energy emission shows valitstha harder continuum with
respect to the radio quiet AGN population, and weak reflacteatures Suzakufound the
source in a minimum flux level; a comparison with the XMNéwtondata implies an increase
of a factor of 25 in the 05 — 10keV flux, in the 6 months separating the two observations.
The iron K complex is detected in both datasets, with ratber équivalent width(s). The
intensity of the iron K complex does not respond to the changentinuum flux. An ultra-
fast, high-ionization outflowing gas is clearly detectedha XIS data; the absorber is most
likely unstable. Indeed, during the XMMewtonobservation, which was 6 months after, the
absorber was not detected. No clear roll-over in the hardyXemission is detected, probably
due to the emergence of the jet as a dominant component iratdedaray band, as suggested
by the detection above 100 keV with the GSO on-boarSluzakualthough the present data
do not allow us to firmly constrain the relative contributiminthe diferent components. The
fluxes observed by theray satelliteS€€GROandFermiwould be compatible with the putative
jet component if peaking at energigs~ 100 MeV. In the X-ray band, the jet contribution to
the continuum starts to be significant only above 10 keV.dfdktection of the jet component
in 3C 111 is confirmed, then its relative importance in theaX-energy band could explain
the diferent observed properties in the high-energy emission &®4, which are otherwise
similar in their other multiwavelength properties. Comipan between X-ray ang-ray data
taken at diferent epochs suggests that the strong variability obsdore3iC 111 is probably
driven by a change in the primary continuum.
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1 INTRODUCTION words, an often debated issue is how accretion and ejecta

- . . . . in AGN are linked, and how these mechanisms work un-
The unified model of Active Galactic Nuclei (AGN) predictsath der diferent physical conditions (e.gl. Blandford & Znajek

e e oo rones 1911 Bt  Payie 1932 _Siors Stanaz & Lot
between radio loud (RL) and radio quiet (RQ) sources. Geomet 2007; |Garofalo | 2009; | Garofalo, Evans, & Sambruna__ 2010;
rical effects, through the relative inclination of an axisymmetric
system with respect to the line of sight, can explain the nitgjo
of the diferences between the various subclasses (Antohucci 1993
Urry & Padovanil 1995). Although this model does work well to
first order, it leaves still open a number of problems.

In particular, a key question still to be fully answered is
why powerful relativistic jets are produced only in 020%
of AGN, and if and how this is related to the structure
of the accretion flow in the RL and RQ sources. In other

Tchekhovskoy, Narayan, & McKinney 2010; for a parallel with
X-ray binaries, see Fender, Gallo, & Russell 2010). A clpsel
related question concerns the evolution of the jets, andiriks
'with the observational subclasses of RL. It is commonly ptemd
that the relativistic jet originates in the innermost regipand as
the angle between the jet axis and the line of sight decrettses
importance of its emission increases, due to beamffegts. This
simple picture does not account for the whole RL phenomeyplo
different global properties being associated to sources wiitbrdi
ent radio morphology (e.g.. Hardcastle, Evans, & Crosto720
Daly|20094,b).

* E-mail: ballo@ifca.unican.es (LB) A key observational challenge in RL AGN is to disentangle
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the jet contribution from the disk emission, which coulcballus
to better understand what are the maiffetences in the nuclear
regions between RL and RQ sources. Previous X-ray obsengati
of RQ and RL objects established that these sources exhibit s
tra with subtle but significant fierences (e.d., Zdziarski & Grandi
2001; Sambruna, Eracleous, & Mushotzky 2002). The X-raysemi
sion of RQ objects appears to be described at first order by a pr
mary power-law continuum, with features resulting fromitbero-
cessing of this primary continuum from cold and warm gas lik
the iron K line complex at 6 keV, the reflection component, afid
ten ionized absorption and emission features. The mainredde

ity of the source of producing powerful jets is related toagtade
systems. In particular, this model accounts for the weadfézation
features observed in BLRGs, a natural consequence of therlar
gap between the innermost stable circular orbit of the digktae
black hole in retrograde sources than in prograde objedtshe\
same time, the model provides a simple interpretation feipties-
ence or absence of signatures of disk winds, depending wizbe
of the gap region and the accretioffigiency.

An additional complication in the study of the properties of
the accretion flow in RL and RQ, is the presence in the former of
emission due to the jet, that can mask the thermal emissiat{ly

difference between RL and RQ sources is that the features due taobserved andr reprocessed) from the disk. From the observational
reprocessing in RL AGN appear to be weaker compared to the RQ point of view, only through a wide energy coverage and goad se

population|(Ballantynz 2007, and references therein).

sitivity at medium-hard X-rays, can we attempt to disentarige

To account for these properties, several scenarios have bee contribution of the jet and the disk emission. The requegiath

suggested. Highly ionized accretion diskdfatient from the stan-
dard, cold disk typical of Seyferts, could be obtained if Hoere-
tion rates are high (Ballantyne, Ross, & Fahian 2002).fPedence

in the inner accretion disks of BLRGs and RQs could result in

simultaneous broadband coverage and high sensitivityeiiréim K
line region has now been achieved w@hzakuWe then started a
program aimed to observe with this satellite the brightastl (best
studied) BLRGs. Here we present the X-ray view of the BLRG

a small solid angle subtended in RLs by the disk to the primary 3C 111 obtained thanks to o®uzakudata and an archival long

X-ray source |(Eracleous, Sambruna, & Mushotzky 2000). @n th
other hand, assuming the same disk structure in both poprusat
dilution by non-thermal jet emission could weaken the repssing
features|(Grandi, Urry, & Maraschi 2002).

It is however important to notice that in the last few years
XMM- Newtonand Suzakuare changing this simplistic view: ob-
servations of large samples of RQ AGN are showing a largeagpre
in the X-ray properties of this class, with a wider range afitce
uum slopes and with several cases of sources having littleoor
reflection. It is thus emerging that the distinction betwésntwo
classes is not so sharp, but rather that RL objects poputeteind
of the distribution for Seyferts and quasars (QSQOs; Sansbetial.
2009, and references therein).

Strong signatures of low- and high-velocity outflows arbeat
common in RQ (e.gl,_Turner & Miller 2009). Warm absorberg{ou
flowing with velocitiesv ~ 100 — 1000 knjs) are detected in the
soft X-ray spectra of more than half of local Seyfert galaxie.g.,
Crenshaw, Kraemer, & George 2003; Blustin et al. 2005). fMbei

cation at~ 1 — 100 pc suggests a possible association with the op-

tical Broad Line Region (BLR) or Narrow Line Region. Ultrast
outflows, showing velocitieg > 10000 knjs, have been found to
be present in- 40% of local Seyferts (Tombesi et al. 2010a). Their
location on sub-pc scales suggests a direct associatibnawitre-
tion disk windgoutflows.

Regarding RL objects, only in the last few years have
sensitive and broad-band observations started to detestt di
windgoutflows in Broad Line Radio Galaxies (BLRGs}han-
dra and XMM-Newtonobservations of 3C 382 revealed the pres-
ence of a warm absorber with outflow-like properties (Ree¥es.

exposure with XMMNewton Table[1 summarizes the main global
properties of the source.

The paper is organized as follows. The main properties of the
source and previous X-ray results are presented in SddtiSe@
tions[3 and¥ describe the X-ray observations and data asalys
Our results are discussed in Secf{ion 5, and finally in Seffioe
summarize our work. Throughout this paper, a concordanse co
mology withHy = 71km st Mpc™?, Q, = 0.73, andQ,, = 0.27
(Spergel et al. 2003, 2007) is adopted. The energy speottakj
a, is defined such thd, o« v**. The photon index i§ = « + 1.

2 THEBLRG 3C 111

3C 111 is a nearbyz(= 0.0485), well-studied BLRG with broad
optical lines [FWHM(Hy) ~ 4800 km s?; [Eracleous & Halpern
2003]. It exhibits a FanafBRiley Il radio morphology, with a
single-sided jet|(Linfield & Perléy 1984) showing superloati
motion (Vermeulen & Cohen 1994). From the measured proper
motion [u = (1.54 + 0.2)” yr~!] and the maximum angular size of
the radio lobesq = 273’;INilsson et all 1993), Lewis et al. (2005)
inferred arange of '0< i < 26° (21° < i < 26° unless the source is

a giant radio galaxy) for the inclination angle of the jet.ekent es-
timate of the jet inclination of ~ 19° has been derived with a Very
Long Baseline Array (VLBA) monitoring (form the MOJAVE pro-
gram;| Kadler et al. 2008). This program revealed also thegoee

of a variety of components in the jet of 3C 111: a compact core,

2009; | Torresi et all_2010), while 3C 445 shows signatures of superluminal jet components, recollimation shocks, agibres of
soft X-ray photoionized gas in emission and absorption (see interaction between the jet and its surrounding medium.

Sambruna, Reeves, & Bralto 2007; Reeves et al.|Z2010; Braith e
2011). OurSuzakuobservations provided evidence for ultra-fast
disk outflows in 3 BLRGs (blueshift velocityo, ~ 0.04 —

From the relation with the bulge luminosity,
Marchesini, Celotti, & Ferrarese (2004) estimated a blacke h
mass for 3C 111 oMy = 3.6 x 10° M. New estimates, derived

0.15c¢, and mass outflow rates comparable to the accretion rates;from measurements of the aHwidth (Chatterjee et al. 2011),

Tombesi et al. 2010b).

range from 15 x 10° M, to 24 x 10® M, more than a factor 10

Differences in terms of the strength of the reflection features, lower than the values derived by Marchesini, Celotti, & Bezse

as well as the presence or lack of warm absorbers or higlcitelo
outflows, in sources showingftérent radio properties is one of the
natural consequences of the so-called “gap-paradigm”af@lar
2009; Garofalo, Evans, & Sambruina 2010). Its main ingredgn
the relative orientation of the disk and the black hole shig;abil-

(2004). As suggested by Chatterjee etlal. (2011), thiferince is
probably due to the dlierent extinction adopted in the two papers.
Several high-energy observatories targeted 3C 111. Simult
neousRXTEand XMM-Newtonobservations| (Lewis et gl. 2005)
revealed a rather flat continuurh ¢ 1.63 — 1.75, depending on
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Table 1. Main global properties of 3C 111.

RA (J2000) Dec (J2000) Redshift Ny, gal FWHM[H«] i Mgy Rqg log L po log L pol/L Edd
[10%°cm?] [kms™ [deg] [10®My]  [10%cm] [erg s
(1) (2) (3) (4) (5) (6) (7) (8) 9) (10)
04h18m213s +38d01m36s 485 291 4800 19 380 107 4556 -211
10- 26 15-24 044-071 4440-45.26 -
18 053 4468 -1.69

(1) Right Ascension. (2) Declination. (3) Cosmologicalskift. (4) Neutral Galactic absorption column density (xla et al. 2005). (5) Full Width
Half Maximum of the optical linel (Eracleous & Halp&arn 19949003). (6) Inclination angle of the jet, from radio observas (Kadler et al. 2008;
Eracleous. Sambruna. & Mushotzky 2000); in the second ttoevrange inferred by Lewis etlal. (2005) is reported. (7) Blagle mass: in the first
row, from|Marchesini, Celotti, & Ferraresz (2004); in themed row, the range recently proposed| by Chatterieel et @L.1(2 which intermediate
value is reported in the third row. (8) Schwarzschild raginseach row, the value inferred from the corresponding lblagie mass. (9) Bolometric
luminosity: in the first row, estimated by Marchesini, Céla& Ferrarese|(2004) from the optical luminosity; in theesed row, the range recently
proposed by Chatterjee et al. (2011), which intermediataevés reported in the third row. (10) Eddington ratio, frohetblack hole mass and

bolometric luminosity reported in columns (7) and (9), extjvely.

the adopted model) and an extremely weak reflection comﬂ)nen
R < 0.3. To explain the broad residuals found in the iron K energy
range, the authors assumed either reprocessed emissiorefiec-
tion component and broad iron K emission line) from a truedat
accretion disk, or a partial covering absorber with highuoah
density Ny ~ 10? cm2); although the two parametrizations were
not distinguishable from the fitting point of view, the lattaodel,
though less complex, was disfavoured by the authors on gdysi
grounds (mainly in view of the small inclination angle of fes).
Regardless of the continuum model used, a narrow &éri¢€ aris-
ing in a distant reprocessor is required, with equivaletw{EW)
~20-30eV.

A Bepp&AX observation of 3C 111 confirmed that a flat con-
tinuum is presentI{ ~ 1.58), with only upper limits for the re-
flection component and the Feine (EW < 72eV,R < 0.3;
Grandi, Malaguti, & Fiocchi 2006). However, a re-analysighe
sameBepp®AX data presented In Dadina (2007) found a steeper
continuum " ~ 1.75) and a higher upper limit for the reflection pa-
rameterR < 2.25; theBepp®&AX data provides only a lower limit
to the high-energy cuffy E. > 82 keV.

The 6-years of monitoring witRRXTErecently presented in
Chatterjee et all (2011) highlights the long time-scaléalmlity of
3C 111. The flux shows a range of variabilfy.;g ey ~ 2x 1071 —

8 x 10'tergs cm? s? (i.e., a factor of~ 4), clearly correlated
with the variation in the X-ray photon index. From their arsié
of the variations in the X-ray continuum and Fe lémission line,
the authors conclude that the iron line is generated witBilght-
days of the source of the X-ray continuum. The latter can theeei
the corona or the base of the jet; in both casesRK&Edata are
consistent with the standard paradigm of X-ray emissionidatad
by reprocessing of thermal photons produced in the acereiik;
no strong contribution from the jet is observed.

A 10 ks Chandraexposure detected an excess of X-ray emis-
sion in 3 radio knots out of the 4 present along the singledsjeie
structure, as well as in its terminal point (Hogan et al. J0The
emission is ascribed by the authors to inverse Comptonestagt
off of cosmic microwave background photons/BMB). Thus, de-
pending on the adopted model for the jet structure from pgto k
scales (e.g., jet bending a@nddeceleration, or neither of them), the

1 The reflection fractiorR is defined aR = Q/2r, whereQ is the solid
angle subtended by the Compton-thick matter to the X-raycgodor a
plane parallel slaliR = 1.

combinedChandraand VLBI observations imply for the kpc-scale
jet bulk Lorentz factor a range betweerB8.5 and 72.

In they-ray band, a 8 Egretdetection was reported for this
source |(Squera etlal. 2005; Hartman, Kadler, & Tueller 20@8)
well as an association withfermi sourcel(Abdo et al. 2010), im-
plying a broad-band SED reminiscent of a de-beamed blapan-C
paringy-ray and multiwavelength properties for a samplé&efmi
detected anéFermiundetected BLRGS, Kataoka et al. (2011) sug-
gest that the GeV emission from 3C 111 is most likely domicate
by the beamed radiation from the nuclear region of the résit
jet.

3 X-RAY OBSERVATIONS
3.1 Suzaku

Suzakuobserved 3C 111 at the HXD (Hard X-ray Detector,
Takahashi et al. 2007) nominal pointing position on 22 of kstg
2008 for a total exposure time of about 122 ks. The log of thay-
observations is reported in Talgle 2, first part. We used tbaneld
event files obtained from version 2 of tBeizakwipeline process-
ing. Standard screening criteria were used, namely, orgts\out-
side the South Atlantic Anomaly (SAA) as well as with an Earth
elevation angle (ELV)> 5° were retained, and Earth day-time el-
evation angles (DYEELV) > 20°. Furthermore, data within 256 s
of the SAA passage were excluded and a diitigidity of > 6 GV
was adopted.

XIS (X-ray Imaging Spectrometer, Koyama etlal. 2007) data
were selected in 8 3 and 5x 5 editmodes using grades®3, 4, 6,
and cleaned for hot and flickering pixels. The XIS spectra®i31
were extracted from circular regions centred on the sowt2gy
radius. Background spectra were extracted from two regiessh
with the same area of the main target regioffis& from the main
target and avoiding the calibration sources. The XIS resp@md
ancillary response files were produced, using the late#irasibn
files available, with thétoolstasksxisrmfgenandxissimarfgenre-
spectively.

We tested time-variability within thBuzakwbservation, gen-
erating source light curves in the soft and hard energy manggh
a binning time of 5760 sec, the orbital period of the satllib
remove any possible modulation related to the orbital dgdi
Fig.[d shows the soft and hard X-ray light curves obtained wit
the XISs, and their hardness ratios. The data from XISO0, X488
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Figure 1. Background-subtracted light curves of 3C 111 from$heakuX1SO0 (left panel3, XIS3 (middle panels and XIS1 (ight panelg observations, with
a 5760 sec binUpper panels0.5 — 2 keV; middle panels2 — 10 keV; lower panels: HR= [RATEz_10 — RATEQ5 2] /[RATE2_10 + RATEQ5_2]. In each panel, we

report the mean rateHR] for the whole observation.

XIS1 are plotted on separate panels, frigf to right. The source
displays a hint of variability, with thg? probability of constancy
less than 30% and 5% in the soft and hard band, respectively- H
ever, theHR light curves show a lack of significant spectral vari-
ability. Therefore, in the following spectral analysis wansidered
the time-averaged data over the whole duration of the obten:

of the actual NXB rate, as this neither includes a contrdsufrom
the source nor from the cosmic X-ray background.

The source and background spectra were extracted within the
common good time interval and the source spectrum was tetrec
for the detector deadtime. The contribution of théudie cosmic
X-ray background counts was simulated using the spectral &

After checking that the spectra were consistent, we coadded|Boldt (1987), assuming the response matrix fdfudie emission,

the two front illuminated (FI) CCD specﬁaalong with the re-
sponse files, to maximize the signal-to-noise ratio. Theecs
trum was then fitted jointly with the back illuminated (BlgtXIS1)
spectrum.

and then added to the NXB. With this choice of background,
3C 111 is detected up to 70keV at a level of 19% above the
background. The net exposure time after screening was 102ks
The HXD-PIN spectrum was binned in order to have a signal-

The net FI [Bl] source spectra were rebinned to 1024 channels to-noise ratio greater then 10 in each bin, and the latepbres

and then grouped with a minimum of 200 [100] counts per bin.
Data were included from.6 to 10 keV [85 keV], observed frame;
the region around the Si K edge betweei and 19 keV were
discarded in both the FI and Bl XIS, due to uncertainties i th
calibration at this energy. The net background-subtrastmdce
count rates for 3C 111 were@D9 + 0.002, 0712 + 0.003 and
0.676 + 0.003 counts & for XISO, XIS3 and XIS1 respectively,
with a net exposure time after screening of 109 ks.

For the HXD-PIN data reduction and analysis we followed
the Suzakudata reduction guide (the ABC guﬁj&’ersion 2). We
used the rev2 data, which include all four cluster units, thedest
background available, which account for non-X-ray backgrb
(NXB{; IKokubun et al. 2007).

At the time of this analysis, two NXB files are available: back
ground A or “quick” background and background D or “tuned”
background. We adopted the latter, which is the latest selead
which sufers lower systematic uncertainties of about 1.3%, corre-
sponding to about half uncertainty of the first release ofNXB.

We confirmed this choice as most reliable estimate of the NXB b
comparing the background A or D light curve to the light curve
obtained from the Earth occulted data (from Earth elevadiogies
ELV < -5): indeed, the Earth occulted data give a representation

2 XIS0 and XIS3, found to be consistent within 5% cross-noizasbn
uncertainties

3 httpy/heasarc.gsfc.nasa.gdecgsuzakyanalysigabg

4 ftp://legacy.gsfc.nasa.gmuzakydoghxd/'suzakumemo-2008-03.pdf

file released by the instrumental team was used. The coumt rat
in 14 — 70keV is 0081 + 0.002 counts $. Assuming a single
cutaT power-law componentl{ ~ 1.6 andE. ~ 100keV) this
corresponds to B4 70kev ~ 4% 107 ergs cm? s71. In the spectral
analysis, we used a cross-calibration constant .@B between
the HXD and XIS spectra, as suggested by SuzakeHXD
calibration team for observation at the HXD nominal poigtin
positiorﬁ.

Following the prescripti(ﬂ) we reprocessed the GSO data
from the unscreened events, using the new gain calibrasoof a
August 2010, in order to apply the correct GSO gain histosy. fil
Note that using the new GSO background instead of the one with
the old gain calibration implies a loss of time-©f33%. As for the
PIN, the GS@NXB files was used in conjunction with the screened
source events file to create a common good time interval. ©he c
mic X-ray background, not included in the background evées fi
can be neglected, being less that of the total background rate
inthe GSO. Both source and background spectra were cadriegte
the detector deadtime, and the former was rebinned for tbk-ba
ground subtraction, because the GSO background is creatd i
bins.

3C 111 is marginally detected with the HX®SO. The
background-subtracted GSO count rate in the-500 keV band
is 0.06 + 0.03 counts ', corresponding to /N ~ 1.3 (0.3% of
the total), for a net exposure time of 68 ks.

5 httpy/heasarc.nasa.gfocgsuzakyanalysigwatchout.html
6 httpy/heasarc.gsfc.nasa.gdwecgsuzakyanalysighxd_repro.html
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Table 2. Observation log.

Satellite Sequence N. Start (U.T.) Stop (U.T.) Detector  dsxpe Count Rate
[ks] [countgs]
1) (2 (3) ) (5) (6) )

Suzaku 703034010 2008-08-22 09:37:00  2008-08-25 04:24:00 XIS0O 8910 0609+ 0.002
XIS3 1089 0.712+ 0.003

XIS1 1089 0.676+ 0.003

PIN 1019 0.081+ 0.002

GSO 681 0.060+ 0.023

XMM-Newton 0552180101  2009-02-15 19:41:57  2009-02-17 04:00:49 pn .1 59 5113+ 0.009
2009-02-15 19:38:56  2009-02-17 04:00:34 MOS2 960 2046+ 0.006

2009-02-15 18:59:02  2009-02-17 04:10:44 RGS1 .383 0.086+ 0.001

2009-02-15 18:59:10 2009-02-17 04:10:44 RGS2 .283 0.106+ 0.001

XMM-Newton 0065940101 2001-03-14 12:56:20 2001-03-15 01:20:36 RGS1 23 3 0132+0.002
2001-03-14 12:56:20 2001-03-15 01:20:36 RGS2 531 0162+ 0.002

(1) X-ray satellite. (2) Sequence number of the observa{@nStarting date (in year-month-day) and time (in hh:nghaf the observation. (4) End
date (in year-month-day) and time (in hh:mm:ss) of the olagm. (5) Detector on-board the satellite. (6) Exposimetafter screening was applied
to the data. (7) Net source count rate after screening arkjlb@mmd subtraction, as observed in thé 9 10keV (XISO and XIS3), ® — 8.5keV

(XIS1), 14— 70keV (PIN), 50- 200keV (GSO), +- 10 keV (pn, pattern 0),

3.2 XMM-Newton

XMM- Newtonobserved 3C 111 twice, in March 2001 for about
a total of 45ksec (Obs. ID 0065940101), and in February 2009
for about a total of 120 ks (Obs. ID 0552180101). The analysis
the former observation is presenteo_in Lewis etlal. (200%;dn

2.4 — 10keV light curve from the second observation is included
in the X-ray monitoring presented by Chatterjee etlal. (2@héir
“longlook data”). Here we present the analysis of the stijbub-
lished X-ray spectra obtained in the second pointing.

The observations were performed with the European Photon
Imaging Camera (EPIC), the Optical Monitor (OM) and the Re-
flection Grating Spectrometer (RGS). The observation tdesae
reported in Tabl€12, second part. In this paper, we condenara
the data in the X-ray band.

The three EPIC cameras (pn, MOS1, and MQS2; Striider et al.
2001; Turner et al. 2001) were operating in Small Window mode
with the thin filter applied. The XMMNewtondata have been pro-
cessed, and event lists for the EPIC cameras were produsied, u
the Science Analysis Software (SAS version 10.0.2) withntiost
recent calibrations.

EPIC event files have been filtered for high-background time
intervals, following the standard method consisting iecéjg pe-
riods of high count rate at energies 10keV. Given the X-ray
brightness of the source, to avoid pile-ufeets only events corre-
sponding to pattern 0 have been used (see the XN8MAonUsers’
Handbook] Ness et al. 2010). We have also generated thealpect
response matrices at the source position using the SASdsgien
andrmfgen

Source counts were extracted from a circular region of sadiu
25’ and 30 for the MOS2 and pn cameras, respectively. For the
pn camera, background counts were extracted from two source
free circular regions in the same chip of’5fadius each. Back-
ground counts for MOS2 were extracted from similar regioats b
selected outside the central chip, symmetric with respedhe
source position. Regarding the MOS1, in addition to two biadlp
columns near the source, a careful look to the images egttact
in Rawx,RawY coordinates revealed the presence of two more dark
columns falling in the centre of the source, not visible gsiny
coordinates, stronglyfBecting the spectral shape. Therefore, we

.8 - 10keV (MOS2, pattern 0), and@b — 2 keV (RGS) energy ranges.

decided to not use the data from the MOS1 camera, limiting the
analysis of XMMNewtononly to the MOS2 and pn spectra.

According to the result of the SAS tagpatplotapplied to
the cleaned event file, pn data affeated by “X-ray loading”, i.e.
the inclusion of X-ray events in thefflset map calculati¢h This
phenomenon, observed in very bright sources, is a conseguén
excessive count rate, and occurs at lower source countatetie
pile-up threshold. Theftects are a systematic energy shift to low
energy and pattern migration from doubles to single evégshe
pn ofset maps are calculated on-board at the start of each expo-
sure, for this camera thefects are hard to be reduced, therefore
the pn data are more easily prone to this problem than the MOS
one. At present, a reliable method to correct for thted is not
available. We then decided to discard the pn data in the efgy
range, more ffiected by the problem. The spectral shape of the pn
spectrum above 1keV is consistent with the MOS2 one, and with
the Suzakuwspectrum; this confirms that the selected band is not af-
fected by the X-ray loading problem. Therefore, during thalgsis
we considered the energy range betwedn 0] and 10 keV for the
MOS?2 and the pn, respectively.

As previously performed foiSuzaku we checked pn and
MOS?2 data for variability during the observation using th&SS
taskicplot. No bin shows significant deviation from the mean value,
allowing us to perform the spectral analysis over the timeraged
spectra. Both pn and MOS2 spectra were grouped to have &t leas
200 counts in each energy bin.

The RGS|(den Herder etlal. 2001) data have been reduced us-
ing the standard SAS tasgsprog and the most recent calibration
files; after filtering out the high-background time intesydhe total
exposure times are 83 ks for both RGS1 and RGS2. The RGS1
and RGS2 spectra were binned at twice the instrument résolut
A1=02A

3.3 Swift BAT

The averaged BAT spectrum of this radiogalaxy was obtairad f
the 58-month survey archive (SWIFT J0438 3800). The data
reduction and extraction procedure of the 8-channel spects

7 httpy/xmm2.esac.esa.jidpcgdocumentsCAL-TN-0050-1-0.ps.gz
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described in_Baumgartner et al. (2010). To fit the prepramgss
background-subtracted BAT spectra, we used the latestratibn
responseliagonal . rsp as of December 2010.

3C 111 was detected in the 4500 keV band with a count rate
(1.02+0.03)x 1072 counts s, which correspond to a 14195 keV
flux of 1.2 + 0.1 x 10*%ergs cm? s~* (Baumgartner et al. 2010).

Fitting the averaged BAT spectrum with the HXD best-fit
model  ~ 1.6 andE; ~ 100keV), we foundF T . ~ 7 x
10 ergs cm? s7t, while FP)N L ~ 4x 107 ergs cm? s™ (see
Table[3). The comparison between the BAT and the PIN spectra
suggests a possible hard X-ray variability on longer tiratesc
fitting the two spectra together and allowing to vary the tieta
normalizations, we found that we need the cross-normaizdite-
tween the two instruments to be 1.6, well above the uncertain-
ties in the relative normalizations. The 58-month BAT Iightv@,
provided with the catalogue, suggests the presence of haey X
variability and that theSuzakuobservation took place during an
upswing after reaching a minimum of the 4195 keV flux. We
caution that thé&Swiftspectrum used here is the averaged spectrum.

4 X-RAY SPECTRAL ANALYSIS

All spectral fits to the X-ray data were performed usX&PEC
v.12.6.0g. The significance of adding free parameters tortheel
was evaluated with the F-test, with associated probatﬁli@ All
uncertainties are quoted at the 90% confidence level for ane p
rameter of interestAy? = 2.71). Unless otherwise stated, the
figures are in the rest-frame of 3C 111, and fit parameters are
quoted in the same frame. All the models discussed in theviell
ing assume Galactic absorption with a column densit¥ @fca ~
2.91x 10?*cm2 (see TablEll: Kalberla etlal. 2005). It is worth not-
ing that for 3C 111 the estimate of the total Galactic hydrogel-
umn density is not trivial: due to the presence of a densecutde
cloud along the line of sight, its value can as highMN$ ga ~
1.3x 1072 cm? (Lewis et all 2005, and references therein), and it is
expected to vary by several times?16m 2. Therefore we allowed
the local absorption to vary up to3lx 10?2 cm?; for this absorber
we used thehabs model inXSPEC, adopting cross-sections and
abundances of Wilms, Allen, & McCray (2000).

4.1 Suzaku

The medium-energy spectrum of 3C 111 confirms the presenceflection fraction,R = 0.16+%11 (2

of strong iron K emission detected in previous observations
(Lewis et al. [ 2005;! Grandi, Malaguti, & Fiocchi_2006; Dadina
2007). We first fitted the XIS and PIN data (betwee6 @nd
70keV) with a single absorbed power-law component, exolydi
the energy range where the iron K complex is expecteddkeV).
After including the 5- 8 keV data, this model clearly provides a
poor fit [y?/d.o.f. = 104670/743;T = 1.61 + 0.01 andNy
(1.20 + 0.02) x 10?2 cm2]; furthermore, large-amplitude residuals
are present both in emission and in absorption (sed Fig.@adN
ditional intrinsicNy is required fy?/Ad.o.f. = 0.06/1); however,
taking into account the strong variability bfy g5 for 3C 111, we
cannot exclude that some of the observed absorption is abtiree
redshift.

8 httpy/swift.gsfc.nasa.ggdocgswift/resultgbs58moymosaic crahlc/
BAT _58m.crabweightedmonthly SWIFT_J0418.3-3800.Ic.gz

° But see the caveats in using the F-test to measure the signiéicof nar-
row lines described in Protassov et al. (2002).

3C 111 - Suzaku - PL model

data/model

Rest Energy (keV)

Figure 2. Data-to-model ratio for th&Suzakuspectra (red open squares,
X1S1; black filled circles and line, FI XIS). The model is ansatbhed
power-law componentl{ ~ 1.61) fitted ignoring the 5- 7.5keV energy
band, where the iron K complex is expected. For graphicabqmes, the
data have been binned to have a significance of. The positions of the
iron K lines (Fe kv at 64 keV and Fe I8 at 7.06 keV rest frame) are marked
with a blue star. The vertical lines represent the centrofdke detected ab-
sorption lines in the FI XIS data (see Tombesi et al. 2010b).

The addition of a Gaussian line to the simple absorbed
power-law component results in a large improvement in the fit
(Ax?/Ad.o.f. = 2445/3). The profile of the Fe Kline (E = 6.40+
0.02keV, o = 94'3leV; F = 2.36'24 x 107°photons cri¥’ s°2,

EW = 9413 eV) is marginally resolved, suggesting a possible con-
tribution from the external disk aymt the BLR. However, con-
straining the iron K line to be narrow (10 eV) does not leaversy
residuals which could be due to an additional broad componen
The strength of the FeKline, coupled with the hard photon index
(1.59 + 0.01) could suggest the presence of a reflection compo-
nent. However, adding a reflection component (parametrizety
the pexrav model inXSPEC; [Magdziarz & Zdziarski 1995) to the
absorbed cut® power law plus iron line, we obtained a weak re-
o009 (x°/d.0.f. = 7827/738). During the
fit, the abundance was fixed to the Solar one; the photon igdite
the cutdf power law and the reflection component, as well as their
energy cutf, were set to be equal. Allowing the high energy ¢lito
to vary we can set only a lower limiE; > 75 keV). The inclination
angle (allowed to vary between 1@nd 26;|Lewis et al! 2005), is
also not constrained by the present data. We therefore etboad
fix both parameters (see below).

Although the energy centroid of the FerKine suggests a
low ionization reflector, we tested for a possible ionizefiextor.

We used an updated model for the Compton reflectiran op-
tically thick photoionized slab of gas, which includes theni K
emission line feflionx model inXSPEC; |Ross, Fabian, & Youing
1999;| Ross & Fabian 2005); as expected the ionization oféhe r
flector is found to be low < 13.9 erg cm s, being the ionization
parameter mainly driven by the energy centroid of the kediKe.

As the reflection component is weak and poorly constrained,
we bounded its normalization to that of the emission linefito
the two components in a consistent way, the ratio of theimadbr
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Table 3. X-ray fluxes and luminosities.

Satellite Flug
[10712ergs cm? s71]
05-2keV 2-10keV  14-70keV
005 052 T199
Suzaku 2.55_88§ 19.70%.‘118 40'21—1.91
XMM-Newton 683097 48327110 -
Swift - - 7119+ 245
Satellite Luminosit§
[10*3ergs 51
05-2keV 2-10keV  14-70keV
Suzaku 5.44jg£2§3 1103_*%;%2 21697707
XMM-Newton 12827023 2754082 -
Swift - - 3935+ 1.36

Errors are quoted at the 90% confidence level for 1 paraméteterest
(Ay2 = 2.71). 20bserved fluxes® Intrinsic luminosities, corrected for
local absorption, as well as for théects of the photoionized gas.

izations was assumed to be the expecte@)fm a face-on slab
illuminated by a flat continuumI{ ~ 1.6), i.e. NgausyNpexrav ~
1.2 x 102 (George & Fabian|_1991, Nandra & Gedrge 1994;
Matt, Fabian, & Ross 1996; Matt, Fabian, & Reynalds 1997 Th
R parameter was fixed to 1, the inclination angle to° 19
(Kadler et all 2008), and the energy cfiitof the primary power
law and of the reflection component to 100 keV, a value cossist
with the lower limit previously found. Higher values Bf, imply a
slight decrease in the quality of the fit. We also included watnad
Fe KB line (at an energy fixed to0.d6 keV) with a flux of 136%

of the Fe Kv line (Palmeri et &l. 2003; Yagoob et al. 2010) and the
same width.

The baseline model then consists of: a rather flat€pmwver
law (' = 1.61 + 0.01), and a reflection continuurtwo narrow
iron K lines. The width of the line, allowed to vary during the
fit, is o = 7073leV. The strength of the reflection, estimated
as the ratio of thepexrav and the direct power-law normaliza-
tions, iS Npexra/Neutatpr = 0.35 + 0.06. The column density is
Ny = (1.20 + 0.02) x 10”P2cm2. This model provides an ac-
ceptable description for the broadband X-ray spectrum ol 3C
(x?/d.o.f.= 7938/740).

However, some residuals suggest the presence of lines & emi
sion, around @ keV, and in absorption, between 6 and 9 keV (see
Fig.[3 and Fig[(#). To account for this residuals we first adaed
the baseline model 3 Gaussian lines (2 absorption and ore emi
sion lines). Including a narrow emission Gaussian compb(en
fixed to 10 eV) at low energies, the improvement in the fit is sig
nificant (Ay?/Ad.o.f. = 10.2/2, considering only 736 XIS bins be-
tween 06 and 10keV); the energy B = 0.89 + 0.01 keV, with
EW = 32'13eV. Tentatively, the line can be identified with the
Ovmt RRC or the Nex triplet lines. The two absorption lines
are detected at the rest-frame energie€of 7.23'335keV (o
fixed to 50eV; EW= -1527%eV) andE = 8.76 + 0.20keV
(EW = -489'25 eV), with aAy?/Ad.o.f. = 9.5/2 and 109/3, re-
spectively. We refer to the Monte Carlo simulations presérin
Tombesi et al.| (2010b) for a more robust estimate of the ®igni
cance of the high-energy absorption lines in tBiszakuobserva-
tion of 3C 111. We note that in their analysis the authorsickemed
only the FI data, and adopted for thé&3- 10.5 keV continuum a
single power law, resulting in a flatter photon indéx 1.47 and
a higher continuum model above7 keV. However, given the lim-

10 httpy/www.jca.umbc.edigeorgghtml/sciencgseyfertgigfplus.html

3C 111 - Suzaku data — Baseline model
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Figure 3. Data-to-model ratio for th&uzakuspectra below 5 keV; red
open squares, XIS1; black filled circles and line, FI XIS. §@phical pur-
poses, the data have been binned to have a significance-oTh@ adopted
model is the baseline model (an absorbed fytower law and a reflection
component, with superimposed two narrow Gaussian linesFthka at
6.4keV and the Fe Kat 7.06 keV rest frame). The centroid of the emission
line when one more Gaussian is included in the model is mawitich blue
star (emission line & ~ 0.89 keV).

3C 111 - Suzaku data — Baseline model
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Figure 4. Data-to-model ratio for th&uzakuspectra above.5keV; red
open squares, XIS1; black filled circles and line, FI XIS. g@phical pur-
poses, the data have been binned to have a significanceroh@ adopted
model is the baseline model (an absorbed fytower law and a reflection
component, with superimposed two narrow Gaussian linesFthke at
6.4keV and the Fe K at 7.06 keV rest frame). The centroids of the absorp-
tion lines when two more Gaussians are included in the maeeirarked
with two vertical lines (absorption line & ~ 7.2 keV andE ~ 8.8 keV).

ited energy band considered, thfeet of this continuum model
does not stronglyféect the detection significance of the absorption
lines. If we consider only FI data, as the XIS1 is less re&aibl
the iron K energy range, the significance of the absorptiweslis:
Ax?/Ad.o.f. = 155/2 and 155/3 for the line atE ~ 7.23 keV and
E ~ 8.76 keV, respectively.

A detailed study of the absorption features and their imé&erp
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tation in terms of ultra-fast outflows related with the atioredisk
is reported in_Tombesi et al. (2010b). Briefly, the most pilales
association for the first absorption line is the resonantveLy«
transition at @7 keV. If the line is identified with this atomic tran-
sition, we have to assume a velocity shiftsvgf; ~ —0.04c. Con-
cerning the second feature, it is likely a blend dfetient lines of
the Fexxvi Lyman series (namely, 13/ Lyy, and Ly). In a more
physically consistent modelling of the absorption feattine ab-
sorber is parametrized using a grid of photoionized abssrien-
erated by thexSTARH photoionization code (Kallman & Bautista
2001 Kallman et al. 2004). The photoionized gas is assuméd t
fully covering the X-ray source with turbulence velocity,, =
500km s?, and illuminated by a power-law continuum from
0.0136 to 136 keV with photon indexX” = 2. It is important to note
that a single photoionized absorber can account for bo#islifihe
results of the fit are: high ionization state, g 5.3°95 erg cm s,
with N°" ~ 6,97 x 107 cm 2 (NI9" > 1.45x 10°P2cn 2 at the 90%
level), and blueshift velocity,y = 0.038+ 0.006c (y* = 7682
for 735 degree of freedom). We note that the high ionizattaies
implied by logé ~ 5.3erg cm s! does not introduce a signifi-
cant curvature in the primary continuum belew6 keV. The out-
flow velocity is somewhat similar to the source cosmologreal-
shift, z = 0.0485, and thus could suggests a contamination due
to local or intermediate redshift absorbers (€.9.. McKereizal.
2003 McKernan, Yagoob, & Reynolds 2004, 2005). Howeves, th
scenario is ruled out by the high column density implied fost
absorber. We refer the reader to the discussion_in Tombati et
(2010b, sect. 5.1), where the authors investigate in dettasig pos-
sibility and conclude that it is not feasible. The additidritee pho-
toionized absorber improves the fit&f?/Ad.o.f.= 13.8/3.

Observed fluxes and intrinsic luminosities are summarined i
Table[3; the unfolded best fit to the data is shown in Eigugper
pane). The best-fit parameters are reported in the first part of Ta-
ble[4; note that the inclusion of the warm absorber does revigh
significantly the continuum photon index or the emissioedipa-
rameters.

As a final test, taking into account the low reflection compo-
nent and the flat continuum observed, we checked the preséace
second continuum emission due to the jet. To this end, weidons

3C 111 - Suzaku spectra
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Figure 5. SuzakuXIS and HXD spectra of 3C 111, binned to have a signifi-
cance of 3. In both panels, the black lines represent the total bestefitel;
the underlying continuum is modelled with a cfitpower-law component
(green dash-dot-dotted lines) plus a weak reflection compofmagenta

ered also the GSO detection of 3C 111, that extends the sourceyash_dotted lines). The iron K line complex is composed by && and

spectral energy distribution (SED) up to 200 keV. Adding to
the best fit model a second power law, with a flatter photon in-
dex (Cjer = 1.51+ 0.03), we obtained for the primary cdtgower
law a photon index in better agreement with values expected f
disk emission[" = 1.707355. We fixed the parameters of the lines,
as well as the column density, the ionization state, and ¢hecity

of the outflow, to the best-fit values previously found. Thisdal
provides a good description of the broadband X-ray spectfim
3C 111,4%/d.o.f. = 8466/768 (see Fid.]5hottom panél Despite
the inclusion of the GSO data, the improvement in the fit due to
the addition of this component is only?/Ad.o.f. = 3.1/2 (F-test
probabilityPr = 75.6%). We note that the jet dominates only above
10 keV, thus the possibility to accommodate a jet componetiie
best-fit model is strongly related to the inclusion of the G&9
tection in the fit. Moreover, the relative normalizationstioé two
power laws are degenerate, making ffidult to spectrally distin-
guish the true jet component.

11 httpy/heasarc.gsfc.nasa.gdwecgsoftwargxstayxstar.html

a Fe K3 features (blue dotted lines). In addition, an X-ray emisdioe
at ~ 0.9keV is also shown (orange dotted lines). In tiwtom panelve
show the model when a component due to the jet is considagid flue
line); also reported is the detection in the GSO, extendiegspectrum up
to 200 keV.

4.2 XMM-Newton

The 06 — 10keV XMM-Newtonemission shape of 3C 111 is
in good agreement with the best fit for the broad band contin-
uum of Suzakuy both in the broad-band slop& (~ 1.60, Ny ~
1.04 x 10?2 cm?) and in the detection of a strong Fekemission
line (see Fid.B). The mainderence is in the observed flux, a factor
~ 2.5 higher than th&uzakulux, see Tabl€I3. This is not surpris-
ing when theRXTElong-term light curve is considered (see fig. 1
in [Chatterjee et al. 2011): tHBuzakuobservation took place dur-
ing a recovery of the emission after an historical low statieile
the XMM-Newtondata corresponds to the average 20 keV flux
level.

Taking into account th&uzakuresults and the evident pres-
ence of iron K emission in the XMNMNewtonspectra, we then
investigated the presence of an emission line plus a reftecti



The High Energy view of the Broad Line Radio Galaxy 3C 119

Table 4. Best-fit parameters for the theSuzaku (XIS+PIN, 0.6 — 70keV) and the XMM- Newton [MOS2+pn, 0.4(1)- 10keV] spectra of 3C 111.

Warm absorbér

Direct & reflected continua

Emission lirfes

N logé Vou T E. R E, P EW ¥?/d.o.f.
[1022cm™?] [ergcm s [c] [keV] [keV] [eV] [eV]
@) @ (©) @) ®) ©®) @ ®) ©) (10)
Suzaku
6968225  526'2%%  0.038+0.006 161992 1000  0.35+0.06 640+002 74£27 75£13  7725/735
7.06" 74 12
089+001 10 3313
XMM- Newtort
- - - 158+001 100  019:0% 641+003 8933 3827107 12197/1144
7.06" 89 60

The adopted model is a cudtgower law plus a reflection component, covered by a photeéshabsorber, with the addition of the iron K complex;
for the Suzakudata, a low-energy narrow emission line is also includeaalbly are (121 + 0.02)x 10%22cm2 and (104 + 0.01) x 10?2 cm 2 for the
Suzakwand XMM-Newtonspectra, respectivelj.Parametrized with akSTAR component obtained assuming a turbulence velagity = 500 km s1.

b The ratio of the Fe K line and the reflection component normalizations was fixe@l@a2 (see text); the Fefand Fe K ratio line was fixed to
0.135; the Fe I8 line width was coupled to the FedKline width. ¢ For the XMM-Newtonspectra, the highly ionized absorber is not required by the
data; the inclusion of this component impli@go" = 0.21*210 x 10?22cmr2, logé = 2.80"322erg cm s, andv,,, = 0.0010+ 0.008c. T parameter

fixed.

-0.20

(1) Ny of the ionized absorber. (2) lonization parameter. (3) Outftelocity. (4) Cutd power-law and reflection component photon index. (5) Guto
energy. (6) Reflection fraction (calculated as the ratichefreflection component and the direct continuum). (7) Limergy. (8) Line width. (9) Line

equivalent width. (10)? and number of degree of freedom.

3C 111 - XMM-Newton — PL model
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Figure 6. Data-to-model ratio for the XMMNewton spectra (red open
squares, MOS2; black filled circles and line, pn). The moslah absorbed
power-law componentl{ ~ 1.60) fitted ignoring the 5- 7.5keV energy
band, where the iron K complex is expected. The blue stargtanderti-
cal lines mark the position of the features detected in th® &ata, as in
Fig.[d. For demonstration purposes, the data have beendioneave a
significance of 26-.

component, the latter parametrized again withgherav model

in XSPEC, with abundance fixed to the Solar orie,parameter
fixed to 1, inclination angle fixed to 19 photon index set to
be equal to the slope of the céitgpower law, and energy cut-
off fixed to 100 keV. As expected due to the lack of data above
10keV, the errors on the reflection component normalizasicn
rather high. The Fe K line parameters ard& = 6.41 + 0.03 keV,

o = 26V, F = 1.50'2% x 10°photons c® s%, EW =
2472%eV (y?/d.o.f. = 12066/1143). As the reflection component
is poorly constrained, we again bounded its normalizatothat

of the emission line. We also added a narrow e Kounded

to the Fe kv as before. Thus we obtained a best-fit parameters
consistent with theSuzakuone: cutdf power law and reflection
continuum photon indeX” = 1.58 + 0.01, reflection strength
Npexrav/Neuarpl = 0.19°335, Ny = (1.04 + 0.01) x 10?2cm2. The

Fe Ko line parameters areE = 6.41 + 0.03keV,oc = 89733eV,

F = 2.34'2% x 10 photons cn? s, EW = 38‘}'eV with re-
spect to the observed continuum. In particular, we noteladéan
evident response of the line to the increase in the primaigsaon.
Clearly, with only two observations we cannot determinetime

lag, or compare with the limit found with tiRXTEmonitoring by
Chatterjee et all (2011); as previously mentioned, theetation
found between X-ray flux and FedKline intensity shows a lag less
then 90 days, a result inconsistent with a torus origin fertthlk of

the emission, although not with the BLR. We note that, despi¢
different and more complex model derived here, also in our case
we found that the EW decreases with the increasing of the $les (
their fig. 8).

This model provides an acceptable description for the broad
band X-ray spectrum of 3C 11}%/d.o.f. = 12197/1144). Ob-
served fluxes and intrinsic luminosities are summarizedain & 3;
the unfolded best fit to the data is shown in Elg. 7, while thetfi¢
parameters are reported in Table 4.

No clear residuals in absorption at7 — 8keV are present.
Adding an absorption line with energy and width fixed to thé va
ues previously found, we obtained for tke= 7.23keV and the
E = 8.76 keV an upper limit to the EW 0f85eV and-111eV,
respectively, formally consistent within the errors wikte Suzaku
results.

Finally, even though the previous model already provides a
good description of the XMMNewtondata, taking into account
the Suzakuesults, we tested the XMMlewtondata for the pres-
ence of possible outflowing gas. When ®8TAR table previously
used is applied to the XMMNewtondata, the gas parameters best-
fitting the Suzakuspectra result to be inadequate to describe the
EPIC data ¢?/d.o.f. = 12341/1144): the lack of absorption fea-
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3C 111 - XMM-Newton spectra
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Figure 7. XMM- NewtonEPIC spectra of 3C 111. The black lines repre-
sent the total best-fit model: the underlying continuum idelied with
a dominant cutfi power-law component (dash-dot-dot-dotted green line)
plus a weak reflection component (dash-dotted magenta [l iron K
line complex is composed by a Fexkand a Fe Ig lines (blue dotted lines).
For demonstration purposes, the data have been binned ¢oahsignifi-
cance of 20-.

ture at high energies, in spectra wiiN good enough to detect it,
may suggests that the outflowing gas has varied. To furtlesas
the possible variability of this highly ionized absorbere fixed

its ionization and velocity to th8uzakubest fit values. Allowing
only the column density to vary does not improve the fit; the pa
rameter is unconstrained, with a 90% confidence intervalden

0 andN[S" = 1.2 x 10?®cm 2. This suggests again the variable na-
ture of this disk wind. Allowing all the wind parameters tayaa
lower column densityN %" = 2.1°29 x 10?* cm2, lower ionization
parameter log = 2. 80*853 erg cm s?, and zero outflow velocity
Vour < 0.001c, are required y?/d.o.f. = 12011/1141). The im-
provement in the fit with respect to the model without absorbe
Ax? = 186 for 3 degree of freedom less. This improvement is not
due to single absorption features, which are unexpectesirfolar
values of logf andN ion put instead is due to a better parameterisa-
tion of the spectral curvature due to the absorption.

4.2.1 The RGS spectra

In order to investigate the emission feature & 0 0.9keV de-
tected bySuzaky we looked at the RGS data. To increase the
statistics, we also reduced and analysed the RGS data ettain
March 2001; exposure times after cleaning and count ratesear
ported in Tabl€¢R. As anticipated, we rebinned the RGS spéutr
constant wavelength bins at twice the instrument speotsdlu-
tion (A1 = 0.2 A) and we used the C-statistic (Cash 1979) available
in XSPEC for the spectral fit: with this choice of binning, thare
fewer than 20 counts per resolution bin.

A first inspection of the RGS1&2 data reveals that for
both observations the spectra are background-dominatkxlv be
~ 0.65 keV. We then considered in our analysis only data between
0.65 and 2 keV.

The two observations show a rather similar spectral shape, a
though with a decrease in flux of a factor-efl.5 (from the oldest
to the most recent). In Fif] 8pperandmiddle panelswe show the
datamodel ratio for the two observations when an absorbed power

RGS Obs. 0065940101

R T T T T T T T
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Figure 8. RGS background-subtracted data-to-model ratio for anrabsgo
power law, in the energy range68 — 1.05 keV. From top to bottom, Obs.
0065940101, Obs. 0552180101, combined spectra. The laumatks the

position of the emission line at 0.89 keV.

law is applied, withl" fixed to the value found for the EPIC data,
1.58 (see Sedi. 4.2).

We then combined the two observations (see Eigo®er
pane). Fitting the combined spectra with the same absorbed power
law, we obtained a reasonable description of the RGS camtinu
(C/d.o.f.= 1719/105 for 108 total bins). However, linelike resid-
uals are present betweer8D and 095 keV.

We then added to the AGN baseline continuum an unre-
solved line in emission, modelled with a Gaussian compgnent
the improvement in the fit due to the addition of this compdnen
is AC/Ad.o.f. = 15.2/2. When allowing the width to vary, the
line is still unresolved. The emission line is detected atean
ergy of E = 0.890 + 0.002keV, with a flux of F = 143571 x
104 photons cm? s'! and an equivalent width of EW 8 + 1eV.

The line parameters from RGS1 and RGS2 are consistent within
the errors.

The most likely identification of this feature is thevixt RRC
at 0872keV, although cannot be excluded a contribution due to
the He-like triplet of Nax, at energi@ 0.905 keV, 0915 keV, and
0.922 keV. The quality of the data prevents us from further $tive
gating the properties of the line.

5 DISCUSSION

In this paper we presented the analysis of Suzakuwbservation
of 3C 111, as well as archival unpublished XMNewtonspectra
of the BLRG.

12 httpy/physics.nist.gov
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The Suzakuand XMM-Newtonemission of 3C 111 is char-
acterized by a hard continuum, showing weak reprocessiag fe
tures (iron K line and reflection component). The continuwm i
rather flat,' ~ 1.6, compared to the values typically found for
RQ (T ~ 1.9; e.g.. Reeves & Turner 2000; Piconcelli etlal. 2005;
Mateos et al. 2010) and BLRGE ¢ 1.7; e.g. Zdziarski & Grandi
2001;! Grandi, Malaguti, & Fiocchi 2006). The broad-bandpgha
observed bySuzakuand XMM-Newtonis in good agreement; the
0.5-10keV flux changes of a factor®in the 6 months separating
the two observations. Such a strong flux variability is nopss-
ing in this source. The power spectral density analysis®RIKTE
monitoring between .2 and 10 keV presented by Chatterjee ét al.
(2011) reveals a break timescale~ofLl3 days; flares as strong as a
factor of 2— 3 in flux are observed ir 1 month. Previous XMM-
Newtonand RXTEobservations caught the source in a higher flux
state tharSuzakuby a factor of 3 in the 2 10 keV energy range)
as well as in the new XMMNewtondata. Again, the X-ray spec-
tral shape does not change significanflys 1.63- 1.75,R < 0.3
(Lewis et al! 2005). Variations in the intensity of the ernossare
observed up to at least 100 keV, as implied by the comparison
between the HXD-PIN emission and the BAT averaged spectrum.
Despite the continuum variation, the fluxes of thd eV Fe Kx
line, clearly detected in both XMNNewtonand Suzakudatasets,
are consistent.

5.1 Emission and absorption features

In addition to the Fe K-Fe KB complex, the most significant fea-
tures detected in the XIS spectra are two absorption linds at
7.24 and~ 8.77 keV, respectively. The presence of such absorp-
tion features are not unique to 3C 111: an analysis of 5 nearby
X-ray bright BLRGs shows that these absorption lines areaetl
in 60% of the sources (Tombesi etlal. 2010b, where a detailad a
ysis of these features is discussed). Their likely intagtien as
blue-shifted iron K lines implies an origin from highly i@&d gas
outflowing withv,y ~ 0.04c, probably related with accretion disk
windsoutflows. From the ionization parametet L,n/(nNR?) and
the column density of the outflowing gas, under the reasenabl
sumption of thickness of the cloudsR = Ny/n lower than the
distance AR <« R, we can estimate the launch radius. Adopting the
absorption-corrected ionizing luminosity betwee@136 keV and
13.6 keV as obtained from theuzakudata (25 x 10* ergs s?), we
found a sub-parsec distance from the central RK;, 9 x 10'°cm.

Assuming the mean black hole mass estimated by
Chatterjee et al.| (2011)Mgy 18 x 10 M,, the escape
velocity at this radius is a factor 2 higher than the outfloloetity,
Vesc ~ 0.077c. The highest black hole mass estimated for 3C 111,
Mgy = 3.6 x 10° M, (Marchesini, Celotti, & Ferrarese 2004, see
Table[1), would imply an even worse situation, with an escape
velocity a factor 10 higher thaw,. The outflow is then unable to
escape from the central region where is produced, and ttoetsdys
is most likely unstable. Indeed, at the time of the XMi&wton
observation the outflowing gas has varied. No absorptiotufes
are detected in the EPIC spectra. Testing a photoionizeatladrs
as seen in th8uzakulata, we found a steady absorber with lower
column density and lower ionization parameter.

Finally, the XIS spectra also show an emission feature at
0.9 keV; the most commonly observed features at energies droun
E = 0.89 + 0.01keV are the Qm RRC at 0872keV or the
Neix triplet lines at 0905 keV, 0915keV, and ®22keV; at the
XIS resolution these features are unresolved. An emisgnanis

Table 5. Spectral indices and fluxes from the combined fit to th X-ray
SED.

Satellite (Year) r Flux@ [10- T ergs cm? s71]

0.5-10keV 10-200keV
BeppGAX (1998) 167 = 0.06 284 742
XMM- Newton (2001) 168+ 0.01 743 1578
Swift (58-month) 157 + 0.09 390 1141
Suzaku(2008) 161+ 0.01 222 689
INTEGRAL (2008) 095243 1.08 1235
XMM- Newton (2009) 161+ 0.01 545 1405

Errors are quoted at the 90% confidence level for 1 paramétetesest
(Ax? = 2.71).2 Observed fluxes.

sistent energyE = 0.890 + 0.002 keV. The measured fluxes are
consistent within the errors:4337! x 104 photons cri¥ s and
2.09'988 % 10 photons cm” s for XMM- Newtonand Suzaky
respectively. Similar features, produced by photoionigas, have
been detected in two other FRII radio galaxies, the BLRG 3& 44
(e.g.Grandi et al. 2007; Sambruna, Reeves, & Braito|200F jzen

NLRG 3C 234 |(Piconcelli et al. 2008).

5.2 From X-ray to y-ray

The comparison presented here between HXD-PIN emission and
the BAT averaged spectrum at high energies, and XM&vton
and XIS data at lower energies, confirms the strong vartgtuof

3C 111, which could be tentatively ascribed to the jet valitgb
Only broad-band monitoring observations will allow us tn€o
firm or rule out this possibility. No clear roll-over is deted in

the Suzakudata, which can be explained by the presence of such
a jet component. Indeed, if the GSO detection is robustgetier

a marginal evidence of the emerging of a jet component atener
gies higher than 10keV, although the present data do nat aito

to firmly establish its relative contribution with respectthe pri-
mary continuum. The strong variability observed in the X-flax
together with the flat photon index of the continuum, coulggast
dilution of the disk emission due to a variable jet contribnt In
principle, data with higher spatial resolution could allag/to in-
vestigate the jet contribution below 10 keV, resolving sdmets
that are blended for XMMNewton(and even more foBuzak in-
deed, X-ray jet emission may arise on a range of scales, amthe
sided radio jet is detected at mas to arc-minutes. Howevergyés
from aChandraobservation|(Hogan et ial. 2011) show that all but
one the visible knots along the jet fall outside the extmttiegion

of the XMM-Newtonspectra, and none of them is bright enough
to be detected in the automatic source detection and aaglgsi
formed withXASSISTH. The lack of unresolved bright knots in the
XMM- Newtonspectra, that correspond to a higher flux level, make
unlikely that the variation is jet-related.

In the y-ray band, anEgret identification of 3C 111 as a
y-ray source has been suggested, although with some debate on
the real contribution of 3C 111 to the totglray emission of the
Egret counterpart (Sguera etlal. 2005; Hartman, Kadler, & Tueller
2008). Recently, an association withFarmi source has been re-
ported byl Abdo et al.| (2010). The fluxes detected in fheay
band areFg75.3vev < 4.2 x 10%ergs cm? s and F3.3gmev <

also detected in the combined RGS spectra of 3C 111, with con- 13 httpy/xassist.pha.jhu.edzopgxassist
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Figure 9. Rest-frame high-energy SED of 3C 111. Red symbolsSamakispectra (XIS03, PIN, and GSO); above'4Biz, green and purple circles are BAT
and INTEGRAL data, respectivelBepp&AX MECS and PDS spectra are plotted in light blue; orangeb®jsnare XMMNewtonMOS data from 2001,
while blue spectrum is the XMMNewtonMOS2 spectrum analysed in this paper. Black filled squaresadken from literature_(Hartman, Kadler, & Tueller
2008;/ Abdo et &l. 2010): from low to high energigsSCA CGRO(OSSE COMPTEL andEgretinstruments), anérermi data. Data are corrected for local
absorption. Dashed black lines are the components of thdibesdel for theSuzakwata when the jet component is included; the solid line espwads to

the total model, with a cutfbat~ 10 MeV applied.

43 x 10%ergs cm? st (COMPTED, and Fg1.10gev ~ 3 X
10t ergs cm? st [Egret, both on-board theCompton Gamma
Ray Observatory(CGRO); [Hartman, Kadler, & Tueller_2008];
Fii00cev ~ 6 x 10*2ergs cm? s (Fermi; |Abdo et al.| 2010).
These fluxes are highly above the value predicted by thefltest-
model to the 6 — 70 keV Suzakudata without a jet component.
This supports the hypothesis of high-energy emission du@eo
jetin 3C 111. Recently, Kataoka et al. (2011) ascribedFieni
detection to a pc-scale relativistic emission from the fettrapo-
lating the dual power law model, including a possible jet pom
nent (see Seci. 4.1), to high energies, we found for the jet-co
ponentF L% ., = 4.9 x 10%ergs cm? s, Taking into account
the typical variability of jet emission, this flux is in substial
agreement with the upper limits obtained in ®®MPTELenergy
range. Qualitatively, a peak at 100 MeV would cause the ob-
served jet component to be compatible with the observedsaonis
above 01 GeV.

This is evident looking at Fid.]9, where we present the high-
energy historical SED for 3C 111 from X-ray §e-ray energies.
We used theSuzaku XMM- Newton and Swift observations anal-
ysed in this paper together witkSCA XMM-NewtonMOS (from
2001),Bepp&AX (from 1998),INTEGRAL(from 2008),CGRQ

andFermidata. For safe of clarity, in Fiff] 9 we do not show XIS1
and pn (from 2009) data. We note that tBeift spectrum is av-
eraged over more than 4years. The strong variability ptesiyo
mentioned is clearly evident when all the datasets areguidtt-
gether. In order to understand the driver of the variahity fitted

all the datasets together, adopting the best-fit continuwdemmof
the Suzakulata, i.e. an absorbed ctitpower law plus a reflection
component and the iron K complex; since the comparison hetwe
Suzakwand XMM-Newtonspectra shows that the lines do not vary
with the continuum, we fixed the reprocessing features tddst

fit value found forSuzaku

As a first step, we allowed only the relative normalization of
the primary power law to vary between the observations. Ber o
servations extending down to a few keV, also the column densi
was allowed to vary. This fit already provides a reasonalpeere
sentation of the SEDy¢/d.o.f. = 3177.6/2429), our aim being to
investigate the variations in the main spectral prope(tieatinuum
slope and emission intensity), and not to find a detailedrg®sm
of all the spectra. However, to further investigate the olesivari-
ability, we also allowed the power-law photon index to vahg ob-
served change of intensity and spectral shape is summaniZed
ble[d (?/d.o.f.= 29728/2423). We obtained rather similar values
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of the photon index, spanning a range from: 1.57 + 0.09 (Swiff)
tol' = 1.68+ 0.01 (XMM-Newtonfrom 2001). The only outlier is
the INTEGRALobservation, for which we obtaii = 0.957043.
This is probably due to the low quality of the data, confirmed
by the poor constraints to the value I6f coupled with the high-
energy cutff applied,E. = 100 keV. Fitting the data with a simple
power law would increase a little the best-fit value of thetpho
index, although with strong residuals at the high-energy @rthe
spectrum. The column density varies betweef.08 x 1072 cm2
(XMM- Newtonfrom 2009) and~ 1.50 x 10??cm 2 (Bepp&AX
from 1998). As noted before, we observe significant vavitghih
the Q5 — 10keV flux, from~ 2.8 x 10**ergs cm? s (our XIS
data) to~ 7.4 x 10t ergs cm? st (XMM- Newtonfrom 2001).
At higher energies, the stronger variation is observed detwhe
Suzakwand the XMMNewton(from 2001) data.

This analysis shows that a brightening of the source does not

imply a flatter power law, thus suggesting that the main drofe
the increase in the flux may not be a strong increase in thejet ¢
ponent. Although our analysis is limited by the number ofcée
we note that the photon indices are well constrained thamkiset
use of soft X-ray data as well as data above 10 keV. After exclu
ing theINTEGRALpoint, the change in slope with the flux found
here, adopting a more complex model, is marginally consistéh
that obtained from thBXTEmonitoring (Chatterjee et &l. 2011, see
their fig. 8), which shows a similar trend albeit with a larg&rand
covering a large range in the-210 keV flux.

In our observational program, we have BLRGs showing a
spread of the jet angle with respect to the line of sight. Respe
strong uncertainties in the orientation, the closest @atdito be
compared to 3C 111 is 3C 382. Recently, from high-quaitgaku
data Sambruna etlal. (2011) estimated for this BLRG a disli inc
nation of~ 25 — 3(°; at bigger scales, radio observations found a
lower limit to the inclination angle of 15° (Eracleous & Halperin
1998). The best estimate of the jet inclination for 3C 114 &9,
with a proposed range of 10< i < 26° (Kadler et al.| 2008;
Lewis et al.| 2005). Despite this similarity, the X-ray eniissof
the two sources is remarkablyfidirent, with 3C 382 showing an
X-ray spectrum more similar to that observed from Seyfeldga
ies. This implies that the relative importance of the jetasnelated
only to geometrical properties (i.e., orientation withpest to the
line of sight). Diferent velocities, or a bent jet, can play an impor-
tant role.

Finally, the X-ray emission of 3C 111 appears significantly
different from that of a typical Seyfert galaxy in many aspects, e
flatter intrinsic emission and weak reflection features. i@ndther
hand, its time variability shows properties that correlatth the
black hole mass, following the same scaling law observettitas-
mass black hole X-ray binaries and Seyfert galaxies, stigges
that a similar accretion process is powering thedgerint sys-
tems(Chatterjee et lal. 2011). It is worth noting the largpéision
of intrinsic X-ray properties shown by RL AGN (Sambruna et al
2009, and references therein), similar to the one found authie
RQ sources. The overlapping of the distributions of photon i
dex and reflection features observed in both classes suphart
idea of common accretion structure, with a second paranieter
addition to the accretion rate that determines the jet oioi
efficiency. The most likely candidate is the black hole spin, al-
though how does it works in producing the observed RLs-RQs
dichotomy, or the FRIs-FRIIs division, is still strongly lued
(e.g., the “spin paradigm” coupled with intermittent jetieity,
Sikora, Stawarz, & Lasota 2007; or the “gap paradigm”, Galcof
2009; | Garofalo, Evans, & Sambruna 2010). In particular, ha t

heuristic scenario proposed by Garofalo et al., collimgézicou-
pled with intermediate accretiorffieiency, as observed in 3C 111
(see Tabld11), can occur for retrograde systems. This caafigu
tion also implies a larger size of the gap region between rthe i
ner edge of accretion disks and the black hole horizon, biaei$
connected to the energetics of the disk itself. The weakokss-
flection features is a natural consequence of such a contfigruyra
moreover, larger gap regions can limit the presence of disklsv
(Kuncic & Bicknell 2004, 2007). Unstable outflows, weakearth
in RQ AGN, could be therefore compatible with High Excitatio
FRII states, such in 3C 111 (Buttiglione etlal. 2010), whilehee
extreme end, radiatively ifiéecient accretion flows in Low Excita-
tion Radio Galaxiesl(/L ggq ~ 10-®-7) might inhibit the launch of
disk winds.

6 SUMMARY

In this paper we presented the X-ray spectra of 3C 111, daddain
with Suzakuas part of our observational program devoted to study
the high-energy emission of the brighter BLRGs. A recent XMM
Newtonobservation of 120 ksec is analysed as well.

The 3C 111 emission extends up~a200 keV, with a rather
flat continuum; in spite of this, no signatures of jet emissice vis-
ible below 10 keV.Suzakwbserved the source at a minimum flux
level, as shown by thRXTEmonitoring. In the 6 months separat-
ing the Suzakuiand XMM-Newtonobservations, the flux increases
by a factor of 25, a level of variability which is not unexpected in
this source. We confirm the weakness of the reflection fesitae
found in previous observations. An iron K complex is cleaté/
tected in both datasets, with a rather low EW. The interssidfehe
line detected by XMMNewtonand Suzakuare consistent, with a
lack of immediate response of the line properties to theioconm
variation. In addition to the iron K complex, absorptiontieas due
to a highly ionized, ultra-fast, nuclear outflowing gas ag¢edted
in the XIS data. At the time of the XMMNewtonobservation, the
gas has varied: adopting the photoionized absorber as sebp i
Suzakuata, then a lower column density and lower ionization state
are required. Both XIS data and RGS spectra show the presénce
a narrow line at~ 0.89 keV, which is most likely identified with
either the Ovin RRC or the Nax triplet lines.

The lack of detection of a roll-over in the primary emission
is probably due to the appearance of the jet as a dominant@omp
nent in the hard X-ray band, as suggested by the detectidrthet
GSO on-boardsuzakuabove~ 100 keV. From a qualitative point
of view, the emission observed IBgretandFermi above 01 GeV
is compatible with such a jet component assuming that thakpe
at energies of 100 MeV. If the detection is confirmed, the emer-
gence of a jet component can explailffeiiences observed in the
high-energy emission of BLRGs similar in other aspects. e
ative importance of the jet component is not simply relatethe
system inclination, but can be associated to the velocithefet;

a change of the opening angle of the jet passing from the aucle
region, where the observed X-ray emission is produced gtaibst
distant regions, where the radio emission is observed, fsaytay
arole.

Finally, we presented the high-energy historical SED for
3C 111, from X-ray toy-ray. Our qualitative analysis suggests that
the strong variability observed for 3C 111 is probably dnivsy a
change in the primary continuum. This implies that simuétaus
broad-band X-ray ang-ray monitoring is needed to unambigu-
ously constrain the parameters of the disk-jet system, anéctly
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understand the contribution of thefidirent components (i.e., disk
emission, reflection, jet) to the total emission.
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