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ABSTRACT

Aims. We investigate mid-infrared and X-ray properties of thetdtsrus invoked in the unification scenario for active gtitaouclei
by using the relation between mid IR and hard X-ray lumirnesito constrain the geometry and physical state of the dostg.
Methods. We present new VISIR observations of 17 nearby AGN and coetbthese with our earlier VISIR sample of 8 Seyfert
galaxies. After combining these observations with X-ratadeom the literature, we studied the correlation betwéeirimid IR and
hard X-ray luminosities.

Results. A statistically highly significant correlation is found beten the rest frame 12um (Lyir) and 2-10 keV [x) luminosities.
Furthermore, with a probability of 97 %, we find that Sy 1 and2Swiclei have the same distributionlofjr overLy.

Conclusions. The high resolution of our MIR imaging allows us to excludg aignificant non-torus contribution to the AGN mid IR
continuum, thereby implying that the similarity in thgr / Lx ratio between Sy 1s and Sy 2s is intrinsic to AGN. We arguetthist
is best explained by clumpy torus models. The slope of theetadion is in good agreement with the expectations fromuthiéed
scenario and indicates little to no change in the torus g&gmeéth luminosity. In addition, we demonstrate that thgthangular
resolution is crucial for AGN studies in the IR regime.
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1. Introduction compared with their observations. (I) The scatter of thatieh
o . ) . ) is about an order of magnitude larger than expected from the
The unification model for active galactic nuclei (AGN) inter ;agits of Krabbe et all (2001). (1) There is no significaift d
prets the dierent appearance of Seyfert 1 (Syl) and SeyfgHyence between type 1 Seyferts (Sy types 1 to 1.5) and type 2
2 (Sy?2) galaxies uniquely as the result of an orientatifiact geyferts (Sy types 1.8 to 2) objects in the average ratio df mi
(Antonuccil 1993] Barthel 1994; Urry & Padoveni 1996). Théyfrared to hard X-ray emission, as would be expected from an
central engine is considered to be surrounded by an optiadl ,ically and geometrically thick as well as smooth torumdo
geometrically thick molecular torus. Associated with ttusus inating the mid IR AGN continuum. This was also supported
are large masses of dust that supposedly reprocess theatayy [a[onso-Herrero et all (2002) who investigated the catieh
UV emission from the accretion disk and re-emit it in the mi@etyeen the 10m luminosity and the black hole mass of AGN.
infrared (MIR) regimel(Pier & Krolik 19€3). . In an earlier papell_(Horst etlal. 2006, hereafter Paper 1), we
It is thus very attractive to search for correlations bgyresented VISIR observations of 8 nearby Seyfert nucleih Wi
tween IR continuum and hard X-ray emission in order to teglir angular resolution of’®5 at FWHM we then improved
the unification scenario for AGN. A tight correlation betwee ypon Krabbe et al[ (2001) ahd Lutz et &l. (2004) by a factor of 3
the 105um continuum and the absorption-corrected 2-10 ke¥nd 80, respectively, thus minimising contributions froxtra-
luminosities for 8 nearby Seyfert galaxies was reported Biyjclear emission. We found a strong correlation betweerette
Krabbe et al.|(2001) using’2 resolution MIR imaging. More frame 123 m and 2-10 keV luminosities with type 1 and type 2
recently, Lutz et al.[ (2004) found a correlation betweenrdst Seyferts following the same correlationlofyg o |_>l(-60i0-22_ We
frame 6um luminosity and the absorption-corrected hard X-rapterpreted this as a strong indication for the obscuringioma
luminosity for a sample of 71 AGN. This sample was comprised be clumpy rather than smoothly distributed and thus appea
of objects for which 24 angular resolution ISOPHOT spec-ng as optically thin in the mid infrared. Moreover, we fouthe
tra and hard X-ray observations were available; in paricitl - sjope to be in good agreement with the theoretical predistixy
does not contain Compton-thick objects. However, the asth@eckert & Duschl((2004).
reported two problems that the unification scenario facesnwh

Send offprint requests to: H. Horst, e-mail: Here we present results from our enlarged AGN sample
hhorst@astrophysik.uni-kiel.de which contains 21 newly observed objects, out of which 17ewer

* Based on ESO observing programmes 075.B-0844(C) and 077@tected with VISIR. Thus, we can now analyse the mid IR and
0137(A) hard X-ray properties of 25 objects.
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Table 1. Revisited characterisation of our galaxy sample fdrable 2. Characterisation of our galaxy sample for ESO period

ESO period 75. 77. Columns are as in Tallé 1.
Object z Sy i log Ly_10keV Scale* Object z Sy i log L, 1okey Scale
[erg's] [pc] [erg's] [pc]
Fairall 9 0.047 1.2 55 4387+0.15 320 MCG-01-01-043 0.030 10 2 4250+0.15 200
NGC 526a 0.019 19 7@ 4314+010 135 Mrk 590 0.026 1.0 2% 4361+0.25 175
NGC 3783 0.010 15 29 4321+015 70 NGC 1097 0.004 L 52> 4080+0.15 30
NGC 4579 0.005 L 39° 4110+0.15 35 NGC 4303 0.005 L 191° 3916+0.15 35
NGC 4593 0.009 1.0 36> 4293+0.20 65 NGC 4472 0.003 2.0 b5 <3917 20
PKS 2048-57 0.011 1h 4 4284+0.20 80 NGC 4507 0.012 1h 32° 4330+0.15 80
PG 2133099 0.062 15 68 4365+0.20 415 NGC 4698 0.003 2.0 5% 3908+0.30 20
NGC 7314 0.005 1h 76 4220+0.15 35 NGC 4941 0.004 2.0 5% 4130+030 30
IRAS 13197-1627 0.017 1h 85 4278+0.20 115
*Column 4 lists the inclination anglé®f the host galaxies on the sky. cen A 0.002 2.0 491° 4168+0.15 7
**Column 6 contains the scale we resolve in our observations. NGC 5135 0.014 2.0 4% 4300+ 050 95
MCG-06-30-15 0.008 15 666 4257+0.20 55
NGC 5995 0.025 19 4% 4354+015 170
ESO 141-G55 0.036 1.0 40 4390+0.15 240
Throughout this paper we assurdg = 73 km s* Mpc™t,  Mrk 509 0.034 15 38 4410+015 225
Qa = 0.72 andQm = 0.24 (Spergel et al. 2006). NGC 7172 0.009 2.0 5% 4276+040 60
NGC 7213 0.006 L 28° 4223+0.15 40
3C 445 0.056 15 38 4419+0.15 365
2. Target selection and X-ray data NGC 7469 0.016 15 48 4315+010 110
. NGC 7674 0.029 1h 200 4456+ 0.50 195
2.1. Target selection NGC 7679 0.017 20 58 4252+015 115

Our first sample of VISIR targets (see Paper I) was drawn from:refer to subsectidn 2.2 for details.
the sample by Lutz et al. (2004). Our criteria were obsetvabi

ity at low airmass from Paranal observatory during ESO perio

75, redshifts below 0.1 and coverage of a wide span of hard

X-ray luminosities in both type 1 and type 2 objects. For the .
present work we have revisited the X-ray properties of tlodse gs/?mple. Furthermore we account for a distance uncertaid#y o
jects (see AppendixJA) to account for the most recent obser- . . . .
vations. However, only minor changes had to be applied to ﬂ?eb'll'h[%.maln charé;\ctte.rllsct;cs of t.het. sele(f:tter? A)?N are I'Stectj. In
luminosities reported in_Paper |. The revisited charas&tion abiels, a more detailed descripion of the X-ray properties

of the sample is given in Tablg 1. Redshiftsvere taken from of each object can be found in AppendiX A. The classifica-

the NED, Seyfert types are according to Véron-Cetty&\f’erotion of all AGN in our sample has been done according to

: : : .~ _IVéron-Cetty & Véron[(2006) with the exception of NGC 4303
(2006) — with L denoting LINER type AGN — and the inclina- - : ST .
tion angled of the host galaxies on tr)e sky were taken from th E;gcs,{%ﬁ?%ﬁ])rﬁgglgre; Qrvgg't%h;z gitggti:sa?tsgesszlklefhl;gc
HyperLed_a database (Paturel et al. 2003). The Ias_t column C§1e rest of this baper. we summarise Sy tvpes 1.0. 1.2 ands.l 52
tains the linear scale on the plane of the sky that is resdn&yed“t 1" and Spt per, 18.19 20 dylr);pb 'd ’I' : date .t
VISIR, computed for an angular resolution 088", which is a ype 1" and sy types 1.6, .9, 2.V an (broad lines cte

typical value for our observations (see TdBle 3). in the polarised spectrum) as “type 2”.

For our second sample of objects (listed in Tdble 2), we
also selected targets not included in the Lutz et al. saWiée. 2.2, peculiarities of individual objects
browsed the literature for relatively nearby AGR< 0.1) with ) ) )
inferred absorption-corrected hard X-ray luminositieattare While for most AGN the type and distance have been unambigu-
observable at low airmass from Paranal observatory durB@ E ously determined, a few objects show significant discrejeanc
period 77. An additional criterion was the inclination ogthost in the literature. Therefore, in the following, we will disss pe-
galaxy toward the plane of the sky. We set the limit at an ieeli culiarities of some individual objects.
tion angle ofi = 65° in order to avoid viewing the AGN through ~ NGC 4303: The nucleus of this object is at the border-
large amounts of gas in the host galaxy. Note, that two objedine between being a Seyfert 2.0 AGN and a LINER galaxy
from our first sample — NGC 526a and NGC 7314 — do not me(ilippenko & Sargent_1985). Since it is not evident — al-
this requirement. though very likely — that the nuclear X-ray source is an

For our target selection we searched the literature for AGAGN, we adopt the classification as a LINER, in contrast to
with inferred 2-10 keV luminosities. Observations affetient Véron-Cetty & Véronl(2006).
epochs were taken as an indicator for the intrinsic vauiigtof NGC 4472: This object was erroneously included in our
the object. This task requires a lot of care as X-ray obsiemvat sample. An X-ray flux taken from the literature turned out
can be of varying quality especially if non-imaging instemts to originate in a Ultraluminous X-ray source; the nucleus
are involved. Furthermore, fiierent authors sometimes pursuéas not been unambigously detected in the X-rays (but see
different strategies for fitting the observed data. In general iM&accarone et al. 2003).
gave higher priority to recent data obtained at the bestiadpat Cen A: The redshift of Centaurus A s = 0.001825. In
resolution and highest signal-to-noise ratio. Where repgibch our cosmology this corresponds to a luminosity distance4® 7
observations are not available we assume a variabilitycer- Mpc. However, the recessional movement of the galaxy islmost
tainty of a factor of 2 (0.3 dex) which is a typical value forroupeculiar and not due to the Hubble flow. The best available dis
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tance estimate toward Cen Ads= 3.84 Mpc. It was derived by we use the standard deviation of these. In order to minirhise t
Rejkuba [(2004), using two independent methods: The pericffect of residual sky background we chose relatively small-ape
luminosity relation for Mira variables and the luminosititbe tures & 10 pixels= 1727) for the photometry and corrected the
tip of the red giant branch. The uncertainty in Cen A's dis&an obtained count rates using the radial profiles of standand.st
together with — by now outdated —fflirent cosmological pa- Finally we calibrated our photometry using the same stahdar
rameters have led some authors to overestimate the lurinostars. The conversion factor coyistsJy proved to be very sta-
of this object by more than one order of magnitude. ble: for each individual filter, variations were less tharPd@ver
3C 445: This Broad Line Radio Galaxy is an interesting castite whole observing period.
Sambruna et al. (1998) and Shinozaki etlal. (2006) both iestok
two different absorbing components to fit their respective X-ra
spectra. Moreover, the ratio of optical reddening to hydrog4. Results
column d(_ansity is more th_an one order of magnitude beneq{'ll Mid IR properties
the galactic value. This indicates an anomalous gas-tordtis
(Maiolino et al.l 2001). The most recent X-ray observatiops Out of the 21 AGN observed with VISIR, 17 were detected. They
Grandi et al.[(2007) and Sambruna €t al. (2007), again, aelicare all point-like which means the torus remains unresolved
the presence of multiple absorbing layers witfieting covering the 4 non detected objects-3ipper limits were derived by mea-
factors. suring the flux of the largest noise-induced signal and assum
NGC 7674: NGC 7674 appears to be a Compton-thick AGNg the same PSF as measured for the standard stars. I Table 3
of high luminosity (see AppendIxIA for details). Strictlyesgk- the flux or flux limit and size of the PSF is listed for each ob-
ing, it does not match our target selection criteria as tigrigic  ject. For sources observed in three filters, we were ablectinre
hard X-ray luminosity cannot be inferred with good preaisitt  struct their MIR SEDs. For a few objects we find indications fo
is, however an interesting test case in order to check whétke the presence of the Bum feature, either in emission or in ab-
MIR — hard X-ray correlation holds for Compton-thick objgct sorption. Looking at our own data and comparing with ardhiva
NGC 7679: Another interesting object; being of Seyfert typ8pitzer spectra, we find that in all cases, at wavelengths longer
1.9 (broad H line but no broad K)) one would expect the X-ray than 12um, the feature hardlyftects the observed flux level.
spectrum to show a low-energy ciittypical for absorbed sys- Possible contamination will be well below 10 %.
tems. However, in their analysis Della Ceca etlal. (2001pébu  In addition to the central point source, in three sources —
NGC 7679 to appear as a Seyfert 1 in X-rays. Moreover, th&§GC 1097, NGC 5135, NGC 7469 — we observed clear extra-
found evidence for a starburst in the nucleus of this object. nuclear MIR emission. In all of these objects we find distinct
blobs of star formation (SF), in addition NGC 5135 and NGC
. . 7469 also exhibit a weak filuse component. Typical distances
3. Observations and data analysis between SF blobs and the AGN are28(~ 700 pc) in NGC

Our first sample of objects was observed between April ad@97, I'5 (~ 400 pc) in NGC 5135 and’B (~ 400 pc) in NGC
August 2005; details on observing conditions can be found T#69. In the latter two objects the proximity of the SF compo-
Paper |. The second Samp|e was observed one year later, r[ﬁgts to the AGN does not allow to rule out a S|gn!flcant centri
tween April and August 2006. We used the standard imagiRgtion of SF to the measured flux of the central point sourge. B
template of VISIR, with parallel chopping and nodding and @omparing the fluxes of individual SF blobs and of the AGN, we
chop throw of 8. In order to get the best possible angular re§an estimate upper limits for such contamination. Thisdgdl5
olution, the small field camera’(075/ pixel) was used. Bright % for NGC 5135 and 10 % for NGC 7469. These uncertainties
AGN were observed in three filters in order to allow a recomave been added to the photometric error and are accounted fo
struction of their spectral energy distribution (SED) ie fIR. in our subsequent statistical analysis.
Due to time constraints, faint objects could only be obsgtime ~ Details on the morphologies and SEDs of all observed ob-
one filter. All observations were executed in service moda wijects will be presented in a forthcoming paper. We should-ho
required observing conditions of clear sky ati8eeing or less. ever, point out that the choppifdding technique used for the
The average airmass was 1.15, with no observation being efBservations would automatically cancel a contributiamfra
cuted at an airmass above 1.3. Science targets and phoimméthooth and diuse component extending over an area similar to
standards were all observed within 2 h of each other and witfihg choppingnodding throw.
maximum diference in airmass of 0.25. For most observations,
however, diferences in both time and airmass are much smallg
than these values. '
Some exposures had to be re-executed due to changing atmarder to analyse the correlation between intrinsic hanh)X
spheric conditions. In these cases, for each object onlgdiee and mid infrared luminosity, for each object we have taken th
obtained under the best conditions were used for our subséquphotometry done closest to our reference wavelength &f i
analysis. A log of these observations is given in Table 3. in rest frame and then converted to said wavelength by asgumi
We reduced science and standard star frames using the SED to be flat in this part of the spectrum. This wavelength
pipeline written by Eric Pantin (private communicationj fbe was chosen as it is close to the peak of the MIR SED in AGN
VISIR consortium. To eliminate glitches, the pipeline appla and, in addition, is onlyf@ected by emission or absorption in one
bad pixel mask and removes detector stripes. Subsequeatlyafithe silicate features atBum and 1&m if these are particu-
removed background variations using a 2 dimensional pelyrarly strong. Fortunately, there is no indication for suttosg
mial fit. For objects observed in unstable conditions wetéea silicate features in any observed SED.
each nodding cycle separately as the background pattere-som The resulting monochromatic luminosity is plotted versus
times changed between two consecutive cycles. The count rite intrinsic 2-10 keV luminosity in Fid.]1. The correlatibe-
for one full exposure was calculated as the mean of all 3 beatmg&en these two quantities is of high statistical signifezgn
from all nodding cycles of this exposure. As an error estamaafter excluding non-detections and Compton-thick objetits

2. The mid IR — hard X-ray correlation
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Table 3. Basic observational parameters for all data used from 006 2ampaign. STD and Obj denote parameters for standard
star and science observations, respectively. The FWHMtharaverage of all beams of one exposure.

Object Obs. Date  Filtér FWHM "] Airmass Flux logL123m
(MM-DD) STD Obj STD Obj [mJy] [erg st
MCG-01-01-043 07-13 Nell 0.37 - 1.014 1.064 <680 < 4452
Mrk 590 08-17 SIvV 0.29 024 1071 1.094 .95 209 -
Mrk 590 08-17 PAH2 0.30 0.27 1.073 1.094 (@521 -
Mrk 590 08-17 Nell 0.33 0.32 1075 1.094 186133 4355+ 0.05
NGC 1097 08-07 Nellrefl 0.32 0.37 1.037 1.051 .286.8 4140+ 0.10
NGC 4303 04-15 Nellrefl  0.40 - 1.155 1.147 <220 <4240
NGC 4472 04-18 Nellrefl 0.34 - 1.171 1.238 <770 <4162
NGC 4507 04-15 SIvV 0.32 0.32 1.151 1.052 523249 -
NGC 4507 04-15 PAH2 0.33 0.32 1.147 1.049 589218 -
NGC 4507 04-15 Nellrefl 0.34 0.34 1.143 1.047 @&86501 4367+ 0.03
NGC 4698 04-18 Nellrefl 0.34 - 1.171 1.196 <420 <4254
NGC 4941 04-19 Nellrefl 0.34 0.35 1.045 1.131 .3%6.0 4174+ 0.05
IRAS 13197-1627 04-09 SIv 0.29 0.36 1.012 1.018 A27171 -

IRAS 13197-1627 04-09 PAH2 0.32 0.38 1.012 1.021 .844358 -
IRAS 13197-1627 04-09 Nellrefl 0.34 0.43 1.013 1.023 .8#5458 4407 + 0.02

CenA 04-09 SIvV 029 0.32 1.012 1.054 ©68%266 -
CenA 04-09 PAH2 0.32 036 1012 1.055 ®B&292 -
CenA 04-09 Nellrefl 0.34 0.35 1.013 1.056 145731 4180+ 0.03
NGC 5135 04-09 Nellrefl 0.34 0.35 1.013 1.021 BR122 4306 + 0.04
MCG-06-30-15 04-14 SIvV 0.30 0.32 1.110 1.034 339437 -
MCG-06-30-15 04-14 PAH2 0.31 0.33 1103 1.030 392541 -
MCG-06-30-15 04-14 Nellrefl 0.32 0.35 1.096 1.027 .392493 4307+ 0.05
NGC 5995 04-14 SIvV 0.30 0.37 1110 1195 26302 -
NGC 5995 04-14 PAH2 0.33 0.37 1.022 1.181 3BP472 -
NGC 5995 04-14 Nell 0.37 040 1090 1169 41606 4411+ 0.06
ESO 141-G55 05-05 SIvV 0.37 037 1.043 1206 .060212 -
ESO 141-G55 05-05 PAH2 0.37 036 1.045 1.206 .869239 -
ESO 141-G55 05-05 Nellrefl  0.37 0.32 1.046 1.207 .16947.1 4404+ 0.11
Mrk 509 06-14 SIV 0.47 032 1260 1.253 23677 -
Mrk 509 06-14 PAH2 039 033 1.282 1270 23%214 -
Mrk 509 06-14 Nell 0.40 0.38 1318 1.288 269417 4418+ 0.06
PKS 2048-57 05-05 SIvV 0.37 0.38 1.043 1199 5930194 -
PKS 2048-57 05-05 PAH2 0.37 0.38 1.045 1.196 .452455 -
PKS 2048-57 05-05 Nellrefl 0.37 0.43 1.046 1.193 183®79 4382+ 0.04
NGC 7172 07-09 Nellrefl 0.37 0.35 1.187 1.188 164271 4279+ 0.07
NGC 7213 07-14 SIvV 035 031 1031 1272 2BB6.2 -
NGC 7213 07-14 PAH2 0.34 035 1.034 1.284 264385 -
NGC 7213 07-14 Nellref 0.32 0.32 1.040 1.298 D265 4267+ 0.05
3C 445 07-10 SIV 0.29 031 1147 1129 1867 -
3C 445 07-10 PAH2 030 0.32 1.147 1135 B4104 -
3C 445 07-10 Nell 0.33 037 1.148 1.143 25278 4450+ 0.06
NGC 7469 07-12 SIvV 0.31 0.38 1324 1250 458200 -
NGC 7469 07-12 PAH2 0.33 041 1334 1243 /&B¥386 -
NGC 7469 07-12 Nellrefl 0.34 0.37 1.344 1237 (26347 4392+ 0.02
NGC 7674 07-13 Nell 0.38 044 1150 1.199 5D6294 4431+ 0.02
NGC 7679 07-10 SIvV 0.28 0.24 1147 1140 42130 -
NGC 7679 07-10 PAH2 0.30 0.18 1.147 1143 .3866 -
NGC 7679 07-10 Nellrefl 0.32 041 1.147 1146 .6456183 4282+ 0.15

*The central wavelengths for the individual filters ar@Zum for SIVrefl, 1049um for SIV, 1125um for PAH2,
11.88um for PAH2ref2, 127 um for Nellrefl and 181um for Nell. Their transmission curves are shown in the
VISIR User Manual at httgwww.eso.orginstrumentgisir/.

Spearman rank cdigcient (Spearman 1904) js= 0.90 at a sig- with this correlation, including the two low luminosity dajts
nificance level of Bx 107°. We can, therefore, safely reject theNGC 4303 and NGC 4698.

null hypothesis of no intrinsic correlation. The best poaay

fit to the whole sample, excluding NGC 526a and NGC 7314,
because of the large inclination angles of their host gataxi,
and thus consisting of 10 type 1s, 11 type 2s and 4 LINE
is logLmir = (-1.61F 1.85)+ (1.04 + 0.04) logLx. For all ob-
jects not detected with VISIR, thex3lux limits are compatible

Itis importantto note, that while the extended sample irth
engthens the statistical significance of the corratatie had
und in our first samplée_(Paper 1), the slope of the corretati
Reas changed considerably. After excluding NGC 4579 duesto it

peculiar nature, our first sample yieldeghr o« Lt%%:922 which

is consistent with our new slope at the &vel. The discrepancy

in slope is caused by our first sample being small and comigini
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Fig. 1. Correlation of MIR and absorption-corrected hard X-

ray luminosities for our VISIR sample. Blue squares are typeFig. 2. Luminosity ratio Lwir/Lx vs intrinsic column density
Seyferts (type 1.5 or smaller), red diamonds are type 2 ®syfeNy. Symbols and colours are as in Fig. 1. Compton-thick ob-
green triangles are LINERs. The two galaxies with largeiincljects are displayed as red arrows, non-detections in thared
nation angles (see sectibni2.1) are marked by a red squalie. \Wave been omitted. They would be positioned outside of the di
resolved objects (see sectibn]5.1 for details) are marked bylayed region, toward higher luminosity ratios. Objectthwio
black circle. These have been used for the displayed pawer-imeasured intrinsic absorption have been placedat 10'°

fit (dashed line); the dotted line is the best fit to our firstpen cm2 for clarity.

as discussed in Paper . Arrows indicate either upper litoitlse

MIR luminosity or lower limits to the X-ray luminosity; thera

rows’ colour code corresponds to the one of the other symbols

Note that NGC 4472 is not shown here since neither its X-réiynce of luminosity ratio on column density by computing the
nor MIR luminosities could be determined. pearman rank cdiécient for it. With a result ofp = 0.13 at

a significance level of 0.54, we find no evidence for a corre-

lation between the two quantities. Furthermore, we perémm

a Kolmogorov-Smirnov test for the luminosity ratios of type
some objects (i.e. PKS 2048-57) which afgtbe correlationwe and type 2 Seyferts. The maximumfférence in the cumula-
find for the enlarged sample. The latter agrees well with éqe itive distribution function is 0.2 and the significance 1eQed7
sults of the earlier studies by Krabbe et al. (2001).and Lustle which means both samples very likely originate from the same
(2004). parent distribution. These numbers confirm the result from o

One concern with correlations between luminosities is théitst study that type 1s and type 2s follow the samgr — Lx
they may be caused by a redshift bias in the data. We testeddorrelation and have the same average luminosity ratio.
this possibility in two ways. First of all, we analysed therfal
correlation between MIR and hard X-ray fluxes. The resultin ) )
Spearman rank cdigcient isp = 0.52 at a significance level of 2. Discussion
0.01. This means that the correlation is rather weak but; n o
ertheless, highly significant. Secondly, we tried to repicthe %'1. Contamination
observed correlation between luminosities with randorelyag- A potential problem for our study is contamination by extra-
ated mock data. For this, we assumed X-ray and MIR flux valuesclear emission. This is primarily important in the midrared.
to be uniformly distributed over the range of observed ofws, AGN of moderate to high luminosities should always dominate
the distances we tried both a uniform and a normal distriouti their hosts in the 2-10 keV band. In the mid infrared, on thept
with no significant change in the result: After generating 1thand, star formation and also Narrow Line Region (NLR) ckud
mock datasets, a rank déieient ofp > 0.89 for the MIR — hard can significantly contribute to the total flux.
X-ray correlation was found with a frequency of less than 0.1 First of all, the high angular resolution (see Taliles 1[dnd 2
%, a significance level of less tham# 107° with a frequency for the physical scales we resolve) cuts away most of thdatar
of less than 0.15 %. The combination of both results — the highation. The &-nuclear emission we find in three of our objects
significance of the flux — flux correlation and the low probipil (see sectiof 4l1) is at distances from the AGN that are redolv
of reproducing the obserevd luminosity — luminosity catiein  even in the most distant objects of our sample. Thereforarae
with non-correlated data — implies that we can safely asshime confident that emission from SF regions does not heavibca
correlation to be real and not caused by a redshift bias in acwr measurements.
data. The NLR, however, remains unresolved in most of our
In Fig.[2 we show the luminosity ratibyir/Lx vs the in- sources. The case of NGC 1068 shows that this may be

trinsic column densityNy toward the AGN. There is no corre-a problem, as very accurate MIR photometry of this object
lation discernible between the two displayed quantitiesitieér (Galliano et all. 2005) show the NLR clouds to contribute aino
do we find a significant dependence of the luminosity ratio &0 % of the nuclear MIR emission. Fortunately, three of our de
Seyfert typelogLmr —logLx) is (0.38+ 0.31) for type 1s, tected sources, namely NGC 4579, NGC 1097 and, most im-
(0.44+ 0.45) for type 2s and(0.61+ 0.17) for the three de- portantly, Cen A, are at comparable or even smaller distance
tected LINERs in our sample. We tested for a possible depghan NGC 1068 and do not show any additional nuclear com-
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5.2. Is the torus clumpy or smooth?

2.0 L T T

[ay s : There has been a long-going debate over whether the matter in
L y 1.8-2 1
LINERs

the obscuring tori in AGN is distributed smoothly (Pier & Kiko
1 1992) or arranged in clumps (Krolik & Begelman 1988). In
] Paper|l we argued that type 1 and type 2 nuclei having the same
_ Lmir/Lx ratio, is a strong argument for the torus to be clumpy.
+ ] This point is strengthened by our current study not only due t
[ ] the improved number statistics but also due to the largeyeran
T 7 column densities we probe. As discussed in se¢fioh 4.2,athe r
% ] tio Lmir /Lx shows no dependence bly — and so over 4 orders
of magnitude inNy (see Fig[R). Even the two Compton-thick
objects in our sample, NGC 5135 and NGC 7674 seem to have
¢ T ] roughly the same value &fyr /Lx as the rest of our sample. For
—0.5L L s ! L ] these objects, however, strong conclusions cannot be diasvn
0 500 1000 1500 2000 2500 their X-ray luminosities can only be estimated to an undetya
size of PSF at FWHM / rg, K
of one order or magnitude.

For an optically thick smooth torus, a much highgir /Lx

Fig. 3. Luminosity ratioLyr/Lx Vs resolved physical scale in. ‘ . :
ungits Of Feup, Syrr¥bols an’\:llecoléurs are as ion{é. 1. As in Fid.s expected for Sy 1s than for Sy 2s. Pier & Krolik (1993) expec

[2, Compton-thick objects are displayed as red arrows and Mﬂ-\difference of one order of magnitude for a changdlgfirom

TRI0 o2 t0 ~ 1024 om-2 i :
non-detections have been omitted. The vertical dashedhitie 1th ctr)n to~ 107 tﬁm - The refasonﬂf}or thl'g &S tT"."t Itrle]aesy .
cates a resolution of 560's,, above which the luminosity ratio <> 1€ ODSETVEr sees (ne emission from the coid dust In tee ou

rises part of the torus, while in Sy 1s one can see its hot inner gart a
' well. This prediction is not compatible with our results.

It is important to note that the similarity between Sy types
still holds if we only regard objects with FWHM (pé)rsyp <
ponents. In order to test whether less well resolved sounaes 560. For these we findlogLyir — logLx) to be (0.15+ 0.15)
affected by extra-nuclear emission, in Fijj. 3 we have plotted tfor type 1s and0.07 + 0.25) for type 2s.

MIR / X-ray luminosity ratio over the resolved physical scale, Models of clumpy tori [(Nenkovaetal [ 2002;
expressed in units of the dust sublimation radiyg « Lég Dullemond & van Bemmel 2005; Honig etlal. 2006) do not
We here assume the accretion disc’s bolometric luminosity predict a diference inLur/Lx between dierent Sy types.
be Lno = 10- Ly which is a typical value for Seyfert galaxiesin particular, Honig et al.| (2006), using 3D radiative tster
(Vasudevan & Fabian 2007). Interestingly, for observatifor modelling, showed that clumpy tori can appear as optically
which the size of the PSF at FWHM (in pc) is less than 569, thin in the MIR with most of the radiation originating in the
there is no case withyr/Lx > 0.4, while this is the case for all innermost part of the torus. In their model individual clsud
but two objects with FWHM (pc) 5605y, The mean luminos- are optically thick but their volume filling factor is small.
ity ratios for the well resolved and the less well resolvedrses Our observational results clearly prefer this kind of medel
are(0.11+ 0.19) and(0.65+ 0.27), respectively. This rise indi- smooth ones.

cates that some of our less well resolved sources are, indeed Recently,| Ramos Almeida etlal. (2007) reported to have
affected by contamination, despite our high angular resalutio found a diference in<|og L 75:m — log L><> between type 1 and

We have, therefore, recalculated the mid IR — hard X-rayne 2 opjects. For their analysis, they use ISOCAM data first
correlation, only using well resolved objects with FWHM Jpc pplished by Clavel et all (2000) and the X-ray data that was
rsup < 560 (encircled objects in Fig] 1). The resulting lagr =  compiled by Lutz et all (2004). Despite the brightness peafi-
(=3.897 3.68)+ (1.09+ 0.09) logLy is in very good agreement ;ompositiorl Ramos Almeida etlal. (2007) performed theiadat
with the correlation found for the whole sample. This methbd 15y still be heavily contaminated by nuclear star formation
lows us to say with some confidence that objects situatee ¢tos Among our own data, in the two cases of NGC 5135 and NGC
this fit (dashed line in Fid.]1) are noffacted by contamination. 7469 we find that within 3 from the nucleus, SF contributes at
Interestingly, for the well resolved sources we find the €@H o35t 43 % and 45 % of the total flux at.32m, respectively.
tion between the measured fluxes to be much stronger than A&, the fact that the luminosity ratidss Ramos Almeida ét al.
the complete sample. Its Spearman rangk #$0.92 and the sig- (2007) derive are- 8 larger than what we find for our well re-
nificance levek 5 x 1074 This is another indication that thesesgyed objects — and despite their shorter observing waytte
fluxes are mostly free of contamination. iin the IR — indicates that they are probabfjeated by contam-

_The SF region we find in three of our objects and also Figyation and the MIR fluxes they report are likely not domiriate
illustrate the need for high angular resolution MIR stedi&r py torus emission.

testing AGN models. Even using 8m-class telescopes, a good
sample selection is crucial to avoid contamination by n@NA
emission. Furthermore, this indicates that the high scattdhe 5.3. The slope of the correlation and the shape of the torus

mid IR — hard X-ray correlation found by Lutz etal. (2004) he mid diation i ion di _ d
may, indeed, be caused by the poor angular resolution af thep the mid IR radiation is accretion disc emission reprodune

ISOPHOT data. the dusty_torusLMm andLy are directly linked to each other via
e covering factofc of the torus:

log (ALy (12.3um) / Lyo10 ev)

Despite the dference in slope we have found.in Paper I, W@
again find NGC 4579 — the object we had excluded from the
power-law fit in our first study — to lie fd the correlation (see
Fig.[T). Lmir o« fclx. 1)
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but this without statistical significance. Thus, while ifngiple,
2o ' ' ' our approach is well suited to test these predictions, owreat:
A ] sample is not sficient for this task. Future observations are re-
[ & UNeRrs 3 quired to test down to what luminosities the classic picifre
] AGN can be applied.

6. Conclusions

] We have presented new high resolution mid infrared photgmet
] of 17 AGN, increasing our total sample to 25 detected and 4
] non-detected objects. We have found angular resolutioe @ b
5 crucial requirement for our study as poorly resolved sosioze
be heavily contaminated by non-AGN emission in the mid IR
ol . 1 band.
20 a1 42 43 aa 45 The rest frame 13um luminositiesLyr of our well re-

109 Lo 1o uev [erg s7'] solved sources strongly correlate with their rest fram@® &€V

luminositiesLx, matching the expectations from the unified sce-

Fig. 4. Luminosity ratioLmir /Lx, plotted overLx. Colours and nario for AGN. With a probability of 97 %, type 1 and type 2
symbols are as in Fid.]1. Black circles mark well resolve8eyferts have the same distributionlgfir /Lx. This similarity
sources with FWHM(pc) rsup < 560 (see section 5.1 and Fig.is most probably intrinsic to the AGN and not caused by extra-
3). nuclear emission contaminating the MIR flux. These resalteh
two important implications:

0.5

log (ALy (12.3um) / Lyo10 ev)

— As we do not find the fiiset in Lyr/Lx between type 1s

Thus, our best-fit result impliefs o« L%%*%, This means and type 2s, predicted by smooth torus models, AGN tori
that we do not find any dependencelgfir/Lx on Lx which is are likely to be clumpy. The volume filling factor of these
also illustrated by Fig. 4. This result does not match thecetq clumps has to be small in order to reproduce our results.
tions from the receding torus model (Lawreince 1991) for Whic — At a 7o level, the slope of the correlation is not compatible
Simpson|(2005) found the fraction of type 2 AGhlto depend with the predictions of the receding torus mode| by Simpson
on AGN luminosity asf, o L;%?” for Lx > Lo ~ 7x10%ergs™. (2005). We suggest that the break luminosity for this model
The basic assumption of the unified scenario is that fc. The is higher than hitherto assumed. A population of Compton
dependence derived by Simpson would, thus, yield a coivalat ~ thick AGN at moderate luminosities being missed in current
fc o« L3227 which disagrees with the slope we find by more than X-ray surveys could resolve this problem.
70. Note, however, that we do not probe the Quasar regime

f . L
luminosities, i.e. for a break luminosity, > 10* erg s? the The question, whether AGN at low luminosities, witho <

- . . 2 1 itati -
receding torus model would, again, agree with our results,  10%” €79 S* have a qualitatively dierent appearance than ob
jects of higher luminosities, remains open. Fortunateb/have

One possibility to reconcile our findings with the ObVié cently been awarded time to observe a sample of 14 heavily
d d f the t 1 fracti AGN luminositi -
Ous gependerice of the fype . fraction on HMINosi %scuredr@H = 107 ~ 10?° cm2), mostly low luminosity AGN

(Simpson 2005, and references therein) would be that afsigﬁﬂ. . ; L
icant number of Compton-thick AGN at moderate luminositieith VISIR which may help to shed light on this issue.

.(L?—10keV = 10% ~ 10* erg 51) have been m|ssed_ in hitherto EX-Acknowledgements. We thank Dr. Sebastian Honig and Dr. Thomas Beckert
isting X-ray surveys. The existence of a population of Campt for inspiring discussions on the topic of AGN tori. We alsarik an anony-
thick AGN has also been suggested by X-ray surveys (e_g_ theus referee for very helpful comments and suggestionghé&umnore, we thank
COSMOS survey, Hasinger etal. 2007), X-ray background Sylﬁlivier Garcet for finding and pointing out two typos in ouldaadations. H.H.

thesis (e.gl_Gilli et &I 2007: Gandhi ei &l. 2007) and IR sufcknowledges support from DFG through SFB 439. P.G. is awetlf the

- - apan Society for the Promotion of Science (JSPS). Thiargsenade use
veys_(Martlnez-SanS|gre et al. 2005). Very rece”tly- Usldl.  of the NASAIPAC Extragalactic Database (NED) which is operated by the
(2007) randomly selected two AGN out of those first detected: Propulsion Laboratory, California Institute of Teclugy, under contract
by Swift to be observed witlsuzaku and found both of them to with the National Aeronautics and Space AdministrationisTiesearch has

: PR sndinat : made use of the Tartarus (Version 3.2) database, createcdyPNeill and
bfe hllghly ObSClIJre.d' T?'é IS anOteL!nsﬁgﬁn for tge eXISlte Kirpal Nandra at Imperial College London, and Jane TurndlASA/GSFC.
ot a large population of Compton-thic at moderate luMkaarys is supported by funding from PPARC, and NASA graXGs-

nosities. 7385 and NAG5-7067. We acknowledge the usage of the Hypardathbase
(httpy/leda.univ-lyon1.fr).

5.4. Tori at low luminosities?
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Appendix A: X-ray properties of individual objects
A.1. X-ray data for the P75 sample

Fairall 9: With XMM-Newton, Gondoin et al.(2001) measured a
hard X-ray flux ofF_1okev = (1.56+0.33)x 10t erg st cm2.
From the compilation of earlier measurements shown in their
paper, we can estimate the peak-to-peak varialjilitycertainty

to be of the order of Z. Yaqoob & Padmanabhan (2004) report
a flux of Fo_ioev = 2.2 x 10711 erg s cm2., obtained with
Chandra. Within errors, this is still consistent with Gondoin et
al's measurement. From these fluxes and the reported hgxrog
column density oNy = (3.0 £ 0.2) x 10?° cm 2, we calculate a
luminosity of Ly_1okev = 7.43x 10*¥ erg s,

NGC 526A: For this object, unfortunately, no observations
with Chandra or XMM-Newton have been published. Using
BeppoSAX,/Landi et al.[(2001) measurég_grev = 1.8x 1071
erg s cm?, absorbed byNy = (1.33 + 0.15) x 10?2 cm™2,
Another observation of NGC 526A with the RXTE satellite
has been performed by Revnivtsev et al. (2004). Extrapgati
their 2-9 keV count rate yieldBo_jokev = 2.7 X 107 erg st
cm 2. Both observations are consistent with each other if we
assume an uncertainty of 0.2 dex. The resulting luminosity i
Lo_10kev = 1.37 X 1073 erg st

NGC 3783: This object was observed with XMNewton
by|Blustin et al.|(2002) who report an intrinsic fluxB%_1okev =
8.5x 101 erg st cm? which corresponds thy_1okey = 1.61x
10% erg s*. The galactic absorption toward NGC 378Ngs =
8.7x10?°cm2. The intrinsic warm absorption can be ignored for
our purpose as it hardlyfizcts the 2-10 keV band. Variability of
this source is indicated by comparing the flux given abovado t
one reported by Malizia et bl. (19951, ., = 4.09x10%erg

s™1) which is about five times higher. Due to the higher quality
of their data, we will use the results fram Blustin et al. (2P0
and allow for a variability uncertainty of 0.3 dex.

NGC 4579: This object has been observed multiple times
(Terashima et al. 1998; Ho et/al. 2001; Dewangan et al. |2004;
Cappi et all. 2006) with most of the results being in good agree
ment with each other. We here adopt the results of Cappi et
al. —Lo_jokev = 1.26x 10" erg s, Ny < 2x 10°° cm2 —
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which were obtained with XMNMNewton. The luminosity stated 1.7 x 10712 erg s* cm™2, the latter corresponding 10_10kev =

by Dewangan et all (2004) is lower by factor of 10. This, how6.18 x 10°° erg s*.[Nemmen et all (2006) observed NGC 1097
ever, seems to be a typographical error as all measured fluxéth Chandra and reportNy = 2.3*2% x 10?° cm™ and
are consistent. A statistical uncertainty of 0.3 dex is @&l F,_; .y = 1.73x102erg s cm2. We will adopt these results
to account for the dierent results om.,_jokev among the other for our analysis.

authors. _ o NGC 4303: This low-luminosity AGN was observed by

NGC 4593: The two most rellab_le data_sets for this object eifnanez-Bailon et all (2003), using tBhandra telescope. The
fromReynolds et all (2004) ahd Shinozaki €tial. (2006), bbth yclear source does not show intrinsic absorption, thugdtee-
tained with XMM-Newton. They agree within errors. We adoptic value ofN, = 1.67x 10%° cm2 is adopted. The unabsorbed
the values provided by Shinozaki et dily = 1.69x 10°°cm™  fx is Fy ;0pey = 2.6'39x 10 erg s* cm2. This corresponds
andL,_ioev = 8.60x 10* erg s*./Steenbrugge et al. (2003) ob+, 4 juminosit - _ 9 1

, dd \eULUO y OfLo_10kev = 1.44 x 10°° erg s. Note, that

served NGC 4593 with both XMM~ewton andChandra. While - 532 h6, Bailon et all (2003) cannot exclude the possitiiat

— 2 1y ic i
the Chandra result {2-1okev = 8.91x 10* erg §)isingood o clear X-ray source of NGC 4303 is a binary system idistea
agreement with the one cited above, the luminosity measur n AGN. They come, however, to the conclusion that this is
with XMM- Newton was higher [>_1okev = 1.2 x 10 erg s). unlikely. : ' '

This may be due to intrinsic variability of the source. We can NGC 4472: This object, unfortunately, has not been detected

account for this with an uncertainty of 0.4 dex. . . L
Diaaliti of ; : . in the hard X-ray band so far. The most stringent upper limit
PKS 2048-57: Risaliti et all (2002), observing with ASCAtO its flux is from Panessa etlal. (2006) 1oy < 6.6 x 1014

: _ 3 a2 _
inferredNy = (2.37 0.20)x 10* cm™? andF;-1okev = 2.65 erg s* cm2. The corresponding luminosity limit is,_1gkev <

11 1 —2 H H _ 2
10 erg s* cm®, the latter yieldingLo-1okev = 6.88 % 10° 1.48 x 10* erg s1. This is in agreement with thes3detec-

erg s®. An independent analysis of archival ASCA data bYlon in the soft band b ]
. v Soldatenkov et al. (2003) who meabure
Heckman et &11(2005) yields 1oy = 2.88x10%erg s*, after Los-2skev = 1.7x10% erg s1. Whether this éource) is dominated

ggggﬂiﬁlﬁ%ﬁﬁf C(;z‘sthmeoé(:)%)?c Zhgi%:g:ﬁ{?oirﬁgggsﬁ'gmf ' by a star-burst or sters from Compton-thick absorption is stil
ty : d ! =¢> . under investigation.

(2002) report a flux variation by a factor of almost two within NGC 4507: For this object the estimates for the hydrogen

one week of observation. For our study we use the results ba/I densit anificantly. A lue is th
Risaliti et al., allowing for a luminosity uncertainty offdex. column densily vary signiicantly. An average vaiue Is the on

. > D 3
PG 21306-099:|Lawson & Turner (1997) find this object toestlrznated by Bassani efial. (1999 = (2.92+ 0.23) 10
be unabsorbed and enfib_ioey = 5.3 x 1012 erg st cm2 cm™“. The resulting absorption-corrected flux kS _1okev =

and thusLy_1okev = 4.50 x 10* erg s. More recently, Gallo 7.03x 10" erg s* cm2. This yieldsL, 1okev = 2.0 10 erg

(2006) observed PG 213099 with XMM-Newton and obtained s %; we assume an uncertainty of 0.3 dex — this also matches the
Fas.10 = 0.31x 101 erg s cm2. Using the luminosity value variability observed by Georgantopoulos & Papadakis (2001

from Lawson & Turner and assume an uncertainty of 0.4 dex, NGC 4_698: Threef:handra observations of this object ,have
this is in good agreement with Gallo's result. been published, by Cappi et al. (2006); Gonzalez-Malitaile

NGC 7314: This object was observed with XMNewton (2006) and Panessa et al. (2006). Cappi et al. rdgork 4 x

1 o2 _ 9 1
by [Shinozaki et 21. (2006). After converting their resultdor 10** €M% and Lo 1oev = 159 x 10 erg s If we use the
Cosmology, we geto_ioev = 1.5 x 10°2 erg st and a col- distance to NGC 4698 from Tully (1988) which was also used

umn density oNy = (7.2 + 1) x 10?1 cmr2. Older observations by Ca}ppi et aI; the flux measurements by P%nessalet al. and
by [Malizia et al. (1997)[ Turner etlll_(1697); Risaliti (Z)p Gonzalez-Martin etgls. y'em2110ke\/= 1.54x 10% erg s* and
Risaliti et al. (2002) and Kraemer et al. (2004) are in goagag 2-1okev = 4.90x 10™ erg s7, respectively. As all three ob-
mentwith these numbers if one accounts for thgedént cosmo- Servations seem to be of comparable quality we adopt a mean

logical parameters used. I(:Jfrgiréodsét))(/ of Lo_1okev = 1.21x 10°° erg st and an uncertainty
NGC 4941: Maiolino et &ll (1998) preseB¢ppoSAX obser-
A.2. X-ray data for the P77 sample vations of this object. Their best fit results &tg = 4.525x 107

MCG-01-01-43: This object was observed with ASCA bgm 2 andLoioev ~ 2 x 10" erg s*. Risalitl (2002) com-
Turner et al. [(1997). They repoNy = 3.2712).(7)4 % 1029 c2  Plements theBeppoSAX datg with ASCA obse_rvatlons. F(om
and a luminosity that — corrected for thefdrent Cosmologies these he draws the conclusion that the absorbing columius ac
used — translates 10,_1okev = 3.5 x 10*2 erg 1. This measure- ally Compton-thick. Terashima etlal. (2002) also g ~_1(_)24
ment is backed up by INTEGRAL observatiohs (Ebisawa et &M - and attribute the dierence between their and Maiolino et
2003) where JEM-X measurés_ioey = 1.55x 10'2 erg st al's (esult to varlab|I.|ty of the .ab.sorblng column. We thfere
cm2. This yieldsLa_1okev = 2.84x 10%2 erg s2. consider the uncertainty of Ma|o_I|no etal.’s result to hgwand
Mrk 590: With XMM-Newton, [Gallo etal. [(2006) esti- @ssume 0.6 dex for the luminosity.
mated a 2-10 keV luminosity which, in our Cosmology, yields IRAS 13197-1627: The most recent X-ray observation, us-
Lo1iokev = 6.6 x 10*2 erg st. This is in good agreementing XMM-Newton is by |Miniutti et al. (2007b). They report a
with the results of a combine@handra and XMM-Newton ~hydrogen column density dfiy = (3.9 + 0.4) x 10% cm 2. If
programme by _Longinotti et all (2007) £ 10kev = 8.9 x 10°2  we convert the absorption-corrected luminosity they itdesur
erg s1)./Shinozaki et 41 (2006), on the other hand, having oosmology we gelts jokev = (0.6+0.2) x 10" erg . Miniutti
served Mrk 590 with XMMNewton as well, report a luminos- €t al. also estimate the true intrinsic luminosity of the ABN
ity of Lo_ioev = 4.1 x 10*3 erg s (after conversion to our multiplying the reflection fraction. After correcting fone dif-
Cosmology). Here, we will use Longinnotti et al.’s resuldanferent Cosmologies it is", ., = (3.9 + 2.6) x 10¥ erg s™.
allow for an uncertainty of 0.5 dex. The first value is also consistent with_;gxev = 0.37 x 10* erg
NGC 1097{ Iyomoto et all (1996) observed this object wite* as resulting from the flux reported by Bassani et al. (1999) —
ASCA and retrievedNyy = 1.3"93 x 10% cm™? andF,_10ev =  €ven though these authors assumed a much higher column den-
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sity of Ny = (7.6 + 1.3) x 10?2 cm2. For our further analysis [Starling et al.[(2005) from XMMNewton observations (Galactic
we will adopt Miniutti et al.’s absorption-corrected lunosity Ny = 2.04 x 10%°° cm™, Lo_joev = 1.7 x 10*? erg s?),
Lo 10kev @and take the conservative assumption of an uncertaiithiou & Wang ((2005), reanalysing archival XMMewton data
of 0.4 dex. (Lo_10kev = 1.68 x 10*2 erg s* and Bianchi et al. (2004) who
Cen A: Observations witlChandra and XMM-Newton by  performed simultaneous observations with XMiéwton and
Evans et dl.[(2004) yield an absorbing columnMNf ~ 10 BeppoSAX (Ny = 2.04x 10°° cm?, Lo_jokev = 1.72 x 10%
cm2 and an intrinsic luminosity df,_10kev = 4.80x10* ergs?  erg st). The agreement of these studies is very good. We will
with a peak-to-peak variability by a factor gf 2. This is con- use the arithmetic mean of these three luminosity estimates
sistent with older estimates by Grandi et al. (2008) {okev = 3C 445: The three most recent observations of 3C 445 were
3.8x10*%erg st cm, yieldingL,-10cey = 6.71x 10* erg s*)  all carried out with XMMNewton; [Shinozaki et dl. (2006) mea-
and Risaliti (2002) Ky ~ 9 x 107 cm?). We adopt the lumi- suredNy = 1.32"31 x 107 cm? and — in our Cosmology —
nosity from Evans et al. and the absorbing column densityfro , , .\ = 2.6 x 10* erg s*. [Grandi et al.[(2007) findNy =

Risaliti. 4+3% 1022 cm 2 and an unabsorbed flux Bb_1okey = 1.7x10° 12

NGC 5135] Levenson et al. (2004) observed NGC 5135 WiH‘FZ 1 =2 vprhi 4 1
- . st ecm? which translates to.2 x 10* erg s*. The observa-
Chandra. They findNy > 10?* cm2. From the flux of the Iron tiogr]ws byl Sambruna et al. (2007) yielt = 225+o.62><1023 o2

Ka line they estimate the intrinsic hard X-ray luminosity to be d. aft ion c | —0.43 8.1 % 100
Lo_10kev ~ 1 x 10°3 erg s. To account for the high uncertainty@"%: ? er conversion to our Cosmolody, 1okev = 8.1 X
of the luminosity estimate, we will set it to 1.0 dex. erg s+. Given the complexity of the source, these numbers agree

MCG-06-30-15: This source has been extensively studi¥g’y Well. We therefore use the mean values. _
due to its prominent, relativistically-broadened Iror Kine NGC  7469: From XMMNewton  observations

(e.g. [ Tanaka et #l. 1989; Fabian et al. 2003). A dusty warm &g20U &V\/Sang @005) derive a luminosity of,-igev =
sorber with an equivalent neutral column density of a fe@?t  1-29x 10% erg s*. NGC 7469 was also observed withandra

cm2 is known to be present (Reynolds etlal, 1997; Lee kt &Y Jiang etal. (20(36) VYQO find a purely Galactic absorption
2001). Extrapolating the latest 3-45 keV Suzaku X-ray da@f Ni = 4.9 x 10% cnr™2. After correcting for the dferent
(Miniutti et all[20075) to 2-10 keV results in an intrinsioper- Cosmology we use as well as for a slightlyffdrent redshift,
law luminosity of Lp_jokev = 3.7 x 10°2 erg s. The source is the Iurl11|n0§|ty they estimate, translated {01 okev = 1.46x 10*
known to vary significantly; we have thus used time-averag€9 S This is in good agreement with the result of Zhou &
measurements for the above calculation, and also assigri-a VA/ang. Scott et al. (2005) observed this object simultarigous
ability / uncertainty of 0.4 dex. This is also consistent with afi the X-rays and UV domains witBhandra, FUSE and STIS.
INTEGRAL/JEM-X measurement By Beckmann et al. (2006). They do not state a 2-10 keV flux in their paper. However,
NGC 5995: This object was observed by Panessa & BassHfing the power law rq?del Sh?W” n their figure 1, we derive
(2002), using the ASCA satellite. They fidl; = 9.0'05 x 10?1  F2-1okev = 2.46 X 10" erg s~ cm*. This, in turn, yields
' - 03 L = 1.45x 10" erg s. As these three observations agree
cm2 and (after conversion to our Cosmolody) 1oeyv = 3.48x 2 10keV = = gs=. AS 1ons ag
10 erg st € ’ very well with each other, we will use the mean luminosity and

: ; - t the uncertainty to 0.2 dex.
ESO 141-G55: This object was observed with XMWéwton s€ L : .
bylGondoin et al!(2003). They find the absorption to be Galact NGC_ 7674: This object appears to b.e Comptorj-thlck.
with Ny = 5.5x 10?° cm-2. After we correct the luminosity they Malaguti et al. 1(1998) suggest an intrinsic luminosity of

. . . K ~ 5 1 H H
determine for the slightly dierent redshift and cosmological pa-L2-10kev ~ 10 erg s. For their estimate they assume the
rameters we use, we end up with 1okev = 8.01x 10°3 erg s. electron scattering material to have the same geometry as in

Mrk 509: [Shinozaki et al. (2006) observed this AGN wit€ Prototypical Seyfert 2 galaxy NGC 1068. Correcting for

XMM- Newton and find an intrinsic absorption b, < 4.8x1(?0  the diferent Cosmology they use, decreases this number to
cn2 and (after correcting for slightly fierent Cosmology and ~ 44 x 10° erg s™. Another way to estimate the intrin-
redshift) Lo_jokev = 1.3 x 10* erg L. A Chandra observation SIC 2-10 keV luminosity is via the correlation between the [O

by[Yagoob & Padmanabhan (2004) yields compatible results.ILisoo7 and 2-10 keV fluxes that was found by Panessa et al.
NGC 7172: Intrinsic luminosity and column density esti{2006): 10gF2_10kev — 10gFony ~ 1.74.[Dahari & De Robertis
mates for this source Show a Surorisi fvariati (1988) measured a flux ofjon; = 4.3 x 102 erg st cm2.
prising range of variatioomF ' : 92
BeppoSAX observations, Dadiha (2007) infeg = 1.1 x 107 E}assam et al.. (199%) corrected this result f{)zr |ntr|n§|solg-
cm2 (although this seems to be underestimated by a factorti? and obtainedrrg,; = (1.85+ 0.1) x 10~ erg s* cm
100 due to a typographical error) aR joxev = 8.9% 1012 erg  with which, in turn, we obtairl,_1oev = 1.8 x 10* erg s
st em™?, yielding Lo_1oev = 1.33x 10*2 erg s*.|[Awaki etal. This result is in good agreement with the estimate by Malagut
(2006) on the other hand repdyf; = (8.3 + 0.2) x 10?2 cm™2 et al., especially regarding the somewhat speculativer@att
andLo_1okev = 5.8 x 10*2 erg s1.[Risaliti et al. (2002) compiled both methods. However, Bassani et al.’s absorption caoreof
observations of NGC 7172 that had been executed between 1885[O 111] 15007 flux may sufer from the large slit (" x 4.0”)
and 1997. Column densities range betweer ([71)x 10°2cm~2 |Dahari & De Robertls (1988) used. If the Balmer decrement was
and absorption corrected fluxes betwee® (07.7) x 1011 erg affected by @-nuclear emission, the reddening could easily be
s cm2 with a weak trend toward lower fluxes with time. Founderestimated. In a private communicatior_ to_Malagutlet a
our study we adopt the results of Awaki et al. as they areintdd998), R. Maiolino report&. 3, ~ 6 x 10* erg s™*. In the
mediate ones. A high variability of NGC 7172 in the hard Xeosmology used by Malaguti et al., this corresponds to a [O
ray band has been observed by Georgantopoulos & Papad#lkjssooline flux of 1.5x1071%erg st cm. This, in turn, yields
(2001) who report a flux variation by a factor ©f6 within one Lo_1gkev * 1.5 x 10%*® erg s?, i.e. a source that is two orders
week of observation. To account for this we set the uncdstairof magnitude brighter than estimated by Malaguti et al. Ror o
to 0.8 dex. analysis we will use the more conservative luminosity esten
NGC 7213: This object has been observed repeatedly byMalaguti et al. and Bassani et al. by using the averagesiif th
X-ray satellites. The most recent results have been rephbste estimates and allowing for an uncertainty of 1 order of mag-
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107° cm? and Fo_1gkev = 5.6 x 1072 erg s cm?, the latter

corresponding tho_1oev = 3.3 x 10%2 erg st
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