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Abstract. We study the hard X-ray emission of two samples of Seyfert 2 galaxids and without Polarized Broad

Lines (PBL). In the hard X-ray domain, absorptiofieets do not significantly modify the intrinsic emission allowing us a

direct access to the central engine.

The purpose of this study is to compare the primary emission of the two Seyfert 2 subclasses in order to investigate the nature
of their central engine and to test unified models according to which they both have a hidden Seyfert 1 nucleus. We compute the
average hard X-ray spectra of Seyfert 2 galaxies with and without PBL observed with BepfRIS8XL5-136 keV). The two

spectra have a common general behavior at first sight, but investigating deeper wé&é&rahdes in the intrinsic properties of

the two categories of Seyfert 2 galaxies. Sy 2 with polarized broad lines have physical conditions close to those of Sy 1 galax-
ies whereas Sy 2 without PBLffiér substantially, suggesting that they may have a particular place in the scheme of Seyfert
galaxies.
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1. Introduction in some Sy 2 galaxies showing that the density of the absorbing

. o ) medium is not linked to the detectability of broad lines.
Seyfert galaxies are classified into two spectroscopic groups

based on the presence (type 1) or absence (type 2) of broad p_er.The polarization is presumed to be due to nuclear emis-
mitted optical emission lines. The first discovery of Polarizegion scattered by a gas of electrons located further out than
Broad Lines (PBL hereafter) in NGC 1068 (Antonucci &he obscuring material. According to current models, the de-
Miller 1985) and later in several other Seyfert 2 galaxidéction of polarized broad emission lines in type 2 Seyfert
(Miller & Goodrich 1990; Tran 1995; Young et al. 1996galaxies implies that these objects have a Hidden Broad Line
Heisler et al. 1997; Awaki et al. 2000; Moran et al. 2000Region (HBLR henceforth). However, not all Sy 2 galaxies that
Alexander 2001; Gu et al. 2001; Lumsden et al. 2001) sugave been observed in polarized light show the presence of
gests that Seyfert 2 galaxies harbor a bright Seyfert 1 nucldiigad lines. This might imply an intrinsic fdérence between
hidden from our view by an optically and geometrically thicioeyfert 2 with PBL (PBLs hereafter) and those with No PBL
obscuring torus (“Unified models”, see the review of Antonuc€NPBLs hereafter). We propose to test this by studying their
1993). In this frame, the fference between type 1 and Zhard X-ray intrinsic emission in a spectral domain where ab-
Seyfert galaxies is only due to the viewing angle. X-ray olgorption does not modify significantly the primary emission.

servations support this model showing the presence of large The existence of Sy 2 without PBL could be due to the

column densities along the line of sight of Seyfert 2 galaxigg,sence of a broad line region in some Sy 2 galaxies or to the
(Risaliti et al. 1999; Guainazzi et al. 2001). However, other ofpsence of 4 scattering medium offeiient physical conditions

servations are inconsistent with unified models, in parUcuIarmthin the inner regions. To investigate these hypotheses, we
the hard X-ray domain where Zdziarski etal. (1995) and Delyenq 1o describe the general emission properties of various

& Courvoisier (2003) (D03 hereafter) showfiirences in the 55465 of Seyfert 2 galaxies by computing their average hard
spectral index, energy cutaand amount of reflection betwee -ray spectrum.

Sy 1 and Sy 2 galaxies. Furthermore, Alexander (2001) refutes

the absorption argument to explain the absence of broad linesIn D03 we computed the average spectra of Sy 1, Sy 1.5
and Sy 2 galaxies. We found that the Sy 1 and Sy 2 galaxies of

* Appendix A is only available in electronic form at our sample have a fierent behavior, in particular concerning
http://www.edpsciences.org the presence of a cufowhich is required in the Sy 1 emis-
** @-mail:Sandrine.Deluit@obs.unige.ch sion and absent in the Sy 2 average spectrum. Another point of
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disagreement was the role played by Compton reflection poSgible 1. Classification of Seyfert galaxies by optical criteria.
bly influencing the Sy 2 emission, unlike Sy 1.

We pursue our investigations within the Seyfert 2 class of Classification Optical Properties
our sample to search for common properties between Sy 1 Seyfert 1 galaxies broad Balmer lines
galaxies and the two Sy 2 subclasses. To test the argument thatSeyfert 1.5 galaxies Apparent narrow i profile
the absorption is the only reason for which we cannot see the superposed on broad wings
HBLR, we consider Compton-thin Sy 2 galaxies. After present- Seyfert 1.9 galaxies Broad component visible in &l
ing the average spectra obtained, we study physical processes but not in H3
responsible for the observedy»emission. Seyfert 2 with PBL Broad component visible only in

polarized Balmer lines
Seyfert 2 without PBL | Broad component invisible with

2. The dataset any method

The initial sample of Seyfert 2 galaxies is that presented
in DO3. From the initial 22 Seyfert 2 galaxies we keep 16 ol s
jects for a total of 24 observations. Five objects have been ¢ s
served several times. We apply selection criteria, presentec
Sects. 2.1 and 2.2, to the initial sample.

Distribution of the Column Density of Sy 2 with PBL
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2.1. Spectropolarimetric data

This study is based on a sample composed of Seyfert 2 gal & 2 Log(Nh) = 2
ies of two types: one presenting broad lines in polarized ligt Distibution of the Column Density of Sy 2 without PEL
the second for which no PBL have been detected. We point « @ ‘ *
the fact that the non detection of broad lines does not prc,
definitively their genuine absence, in particular if we consid% 2
the limitations of current spectropolarimetric instrumentatios
However, the purpose of this study is to start a comparis%l
of the two subclasses of Seyfert 2 galaxies in the hard X-r*
domain, using the best available published informationont
presence of hidden broad lines. 21 2 Log(Nh) = 2

The current classification of Seyfert galaxies is mainly de- L _ _
termined by optical criteria, summarized in Table 1. Fig. 1. Hydrogen column densny_ distributions of Sy 2 with polarized

. .. __broad lines (upper panel) and without PBL (lower panel).

We collected all Seyfert 2 galaxies from the recent litera-
ture (from 1980 to 2003) for which spectropolarimetric data
are available. Several objects of the DO3 Sy 2 sample hatan 7x 107 cm~2. We have established that below this thresh-
been excluded: IRAS 18325-5926 because of its NED classid, the absorption féects do not alter strongly the primary
fication as Sy 2 which has been questioned by Iwasawa etegrhission, allowing us a direct view of the emission produced
(1995); NGC 4939 is a Sy 2 but no spectropolarimetric datak§ the central engine.
available. NGC 5674 and ESO 103-G35 have been excluded
because of their Sy 1.9 classification. Indeed, current models .
generally claim that the detection of a broad lihe implies the 2.3. Sample spectral characteristics

presence of a hidden broad line region and explain the absemg@ final sample is composed of 8 Seyfert 2 galaxies with PBL

of the H3 line as an obscuration of this region, leading to thgnd 8 without PBL detected (Table 2).
conclusion that Sy 1.9 galaxies harbor a hidden Sy 1 nucleus.

In addition to spectropolarimetric considerations, we use
only data with an integrated signal to noise ratio higher tharf23:

in the PDS energy range (15-136 keV). This threshold is higte present in Fig. 1 the hydrogen column density distribu-

enough to conclude a detection by the PDS detector foijgn of PBLs and NPBLs Sy 2 galaxies. Several contradic-

known source. We therefore consider in our study all Sy gry results have been found during recent years. Heisler et al.
galaxies for which both spectropolarimetric information an(;igg7) and Gu et al. (2001) found a higher column density for

PDS data of sflicient quality are available. NPBLs whereas Alexander (2001) found no link between the
detectability of polarized broad lines and the density of the ab-
sorbing material.

In our study, the column density distributions of the two
Sy 2 classes are not significantlyfiédrent. In particular the
As exhaustively explained in D03, we limit our studyNPBLs galaxies are not more absorbed than PBLs since
to Sy 2 galaxies having a hydrogen column density letisey have the same number of objects with a low absorption

1. Absorption distribution

2.2. Sources not significantly influenced by absorption
effects
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Table 2. General characteristics and spectral properties of objects composing the sample.

Source name RA Dec Redshift ~ Ny* PBL SIN*  FioiskeV®  LisisskeV®
(hms) ¢’ z presence?
IRAS 00198-7926 002153.8 -791008.0 0.073 - N 2.10 2.18 22.9
NGC 1358 033339.5 -050520.0 0.013 - Nl 2.28 1.38 0.48
IRAS 05189-2524 052101.3 -2521429 0.043 4.90 Y 2.66 1.14 4.04
NGC 2110 055211.2 -072720.8 0.008 2.89 Yvel 20.5 8.62 1.01
NGC 2992 0945420 -141936.9 0.008 0.69¢ NiK.vel 41.0 11.0 1.35
MCG 5-23-16 094740.1 -305653.9 0.008 1.6%7 Yieol 45.8 19.8 2.62
IRAS F12072-0444 120945.1 -050114.9 0.128 0.17 N 4.88 1.84 61.3
NGC 4388 122546.7 +123944.0 0.008 4210 Yt 63.8 22.1 3.00
NGC 4507 123537.0 -395432.0 0.012 292 Y Ma] 58.1 19.1 5.12
NGC 5252 133816.3 +043220.0 0.023 4.33 Nvel 2.86 2.26 2.34
NGC 5506 1413148 -031228.0 0.006 3.40 el 69.0 17.0 1.25
NGC 6300 171700.3 -624915.0 0.004 60L@ Nitel 23.1 8.35 0.22
IRAS 20216-1121 202325.6 +113132.9 0.056 <6.0U Y 2.24 0.87 5.45
NGC 7172 220202.2 -315212.0 0.009 8.61 N+ 9.73 4.43 0.65
IRAS 23060-0505 230833.8 +052129.0 0.173 8.40 Y 4.20 1.79 111
NGC 7582 2318235 -422211.9 0.005 1204 N+ 24.2 10.5 0.57
Notes:

1 10?2 cmr?, 2 2 observations’ 3 observations, Integrated signal to noise ratio in the PDS energy rahjgggrated flux in 16! erg s* cm2,

8 Integrated luminosity in 1§ erg s*.

References concerning the hydrogen column density:

B: Bassani et al. (1999), Br: Brandt et al. (1997), Ca: Cappi et al. (1996), Co: Comastri et al. (1998), D: Deluit et al., Paper Il of the D03 study,
G: Guainazzi et al. (1998), H: Hayashi et al. (1996), Le: Leighly et al. (2000), S: Smith & Done (1996), U: Ueno et al. (1998), W96: Weaver
et al. (1996), W97: Weaver et al. (1997), X: Xue et al. (1998).

References concerning the spectropolarimetric information:

Go: Goodrich et al. (1994), H: Heisler et al. (1997), K: Kay (1994), L: Lumsden et al. (2001), Ma: Moran et al. (2000), Mb: Moran et al. (2001),
V: Veilleux et al. (1997), VC: Veron-Cetty & Veron (2003), Y: Young et al. (1996).

Luminosity Distribution of Seyfert 2 with PBL

(N4 < 10?2 cm™) than with a higher absorptionNf > 7
10?2 cm2). The fact that we consider a small number of ok s
jects and only Compton-thin Sy 2 galaxies prevents us frcésf
generalizing this result for the overall Sy 2 class. We howe\g 4
show that even in Compton-thin Sy 2 galaxies the absences */

polarized broad lines is not unusual. 2?
1

44

2.3.2. Luminosity distribution Log (1)

Luminosity Distribution of Seyfert 2 without PBL
T T

45 46

The hard X-ray luminosity is a signature of the nucleus activit 4
The comparison of luminosity distributions of the two Sy s
subclasses (Fig. 2) reveals that NPBLs are weaker than PES
indicating that the activity of their respective central engine s
slightly different. Indeed, 87.5% of PBLs have a luminosits
between 1f# and 10 erg s against only 25% of NPBLs. =*
50% of the NPBLs population has a luminosity betweef?10 .
and 133 erg sl 42 43 Lo‘gM(L) 45 46
The hypothesis according to which PBLs would be more o _ ) _
luminous than NPBLs has been evoked in other wavelength 9. 2. Lum|n05|ty_d|str|but|ons of Sy 2 with polarized broad lines (up-
mains (e.g. Kay 1994; Tran 2003); we discuss the implicatioﬁ%r panel) and without PBL (lower panel).
of this result in the Sect. 7.

Spectrometer (LECS; Parmar et al. 1997), three Medium
Energy Concentrator Spectrometers (MECS; Boella et al.
1997) and a Phoswich Detector Counter (PDS; Frontera et al.
The Narrow Field Interments (NFI) of the BeppoSAXL997). LECS and MECS have imaging capabilities and oper-
satellite is composed of a Low Energy Concentratate respectively in the 0.1-5 keV and 2.0-10 keV domains.

3. Data analysis
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. . . . . . A S| il f Sy 2 with d without PBL
The PDS, used in our study, is an instrument functioning in vereas mpeee o By s v ane whe

an energy band between 15-200 keV with an energy resolution | ————_
of 15% at 60 keV. The detector is designed to allow a good con- —
trol of background variations using rocking collimators thatpe- | — —— —
riodically sample source background combinations and back- —t
ground alone. 33t 4 —+ .
The data analysis has been performed with the XSPE -+, ]
(Arnaud 1996) version 11 package using the latest PDS fe-
sponse matrices released by the BeppoSAX 5006 compute U +Jr s
the average spectra, we used the task Mathpha version 5.1 cém- - 4+
bining the data files. The errors have been propagated at each + ——
step of the procedure. In this procedure, we did not consider,
the background since the individual spectra were already backs %%JF 1
ground subtracted. We computed the average count spectrum ]
weighting the individual spectra by their respective exposure J} ]
time. 20 50 700
We kept the same binning for the average spectrum as for channel energy (keV)
the original data of each source. For a source observed sevej@l3. Average spectra of Seyfert 2 galaxies with (black) and without
times, we first computed its average spectrum. The PDS enefigyt red) polarized broad lines.
band used in our study extends from 15 to 136 keV.

) ) ) PBLs spectrum contains a larger hard photons population than
4. Spectral properties of various Seyfert 2 galaxies NPBLs. The PBLs average spectrum is 45% higher than that
classes of NPBLs around 85 keV where theyftér most in the ratio

We present in Fig. 3 the average spectrum of Seyfert 2 galax®&19- 4-
with and without polarized broad lines.
The integrated signal to noise ratio in the 15-136 keV en:1.2. Comparison of PBLs and NPBLs Sy 2 galaxies
ergy range is 98 for the PBLs anq 47 for the NPBLs average with Sy 1 galaxies
spectrum. The NPBLs countrate is half as strong as the PBLs
at 15 keV. 1. Comparison of Sy 2 with PBL and Sy 1
We compare the central engine signatures of the two types The PBLs emission is always higher than that of Sy 1 galax-
of Sy 2 galaxies using two methods: firstly, with a model- i€s giving an indication of the hardness of this category of
independent analysis comparing directly the normalized count Sy 2 galaxies. We note two excesses of the PBLs emis-
spectra independently of any instrumental consideration; sec- Sion compared with Sy 1 around 55 keV and 100 keV. The
ondly, with a model-dependent method using a spectral fitting deficit of hard photonsin the Sy 1 class can be explained ei-
procedure. ther by the presence of a ctitin its emission or by a lower
We also intend to compare the emission of the two Sy 2 PBLsintrinsic spectral index andr by a reflection compo-
classes with the Sy 1 galaxies to investigate whether they nentin PBLs. The PBLs emission is 85% greater than Sy 1
have common properties as supposed by unified models. Theat~100 keV.

Seyfert 1 average spectrum used in this study comes from D@3.Comparison of Sy 2 without PBL and Sy 1
The two spectra are similar below 40 keV confirming that

the emission of NPBLs is not significantly modified by ab-

4.1. Model-independent analysis: Comparison sorption dfects at these energies. The average spectra re-

of the normalized count spectra main close up to-85 keV. The NPBLs emission is higher
We compare the average count spectra normalizing them atthan thatof Sy 1 at the two same energies (55 and 100 keV)
15 keV (Fig. 4). where the PBLs emission dominates in the ratio FBi4.

This suggests the presence of a particular spectral compo-
nentin the Sy 1 average spectrum.
4.1.1. Comparison between Seyfert 2 galaxies The maximal diference measured between the two classes
with and without polarized broad lines is found at~100 keV where the NPBLs emission is 74%

The average spectra of PBLs and NPBLs could be almost greater than that of Sy 1.

identical considering the error bars. Nevertheless, the PBLs
emission seems to be slightly higher than that of NPBLs. To
strengthen this result, we rebin the spectra to improve the Hirl.3. Preliminary results

significance (Fig. 5). The PBLs emission is higher than NPBLs

along the major part of the energy domain indicating that tl’ﬁét first sight (Fig. 3), the spectra of Seyfert 2 g_al'c_lxies with and
without polarized broad lines appear very similar. However,

! http://www.asdc.asi.it/bepposax/ the model-independent analysis we performed reveals small
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Average Spectra of Sy 1, PBL and NPBL galaxies
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Fig. 4. Left: average spectra of Sy 1, PBLs and NPBLs galaxies (upper panel) and the normalized ratio of Spectral Energy Distributions of the
pair PBLSNPBLSs (lower panel). Right: ratios of SEDs of the pairs: PEys1 and NPBLAY 1 galaxies.

16

4.2. Model-dependent analysis: investigating
the emission processes

151 b
To further test the above results, we compare the spectra using a
14f 1 fitting procedure that will allow us to investigate also the com-
ponents occurring in the emission. We fit the spectra initially
with simple models then with the reflection model PEXRAV.
The results are shown in Tables 3 and 4.

13fF - q

12r- B

Normalized Ratio PBL/NoPBL

i 4.2.1. Fitting of the spectra with simple theoretical
11 ] models

. We fit the spectra successively with a simple power law and

1 a cutdt power law (PL and CPL hereafter). To know the best
ol ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ! model fitting the spectra, we refer to the redugédzalue ex-

00000 8 ey % mo 20 pected to be the nearest possible to 1.
A simple power law cannot reproduce the PBLs spectrum

(x? = 3.58) thus at least one additional component is required.
The occurrence of a cuftoin the PBLs observed spectrum is
the best scheme. Indeed, the redugédalue (? = 0.90) for
a CPL and in particular the very low FTEST probability value
but significant diferences (Fig. 5). The comparison with Sy {Prrest = 7.9 x 107°) indicate the high probability of having a
galaxies indicates that singularities exist also between Sycutdf in the PBLs spectrum.
galaxies and the two subclasses of Sy 2 galaxies. The NPBLs average spectrum is well represented by a sim-

The physical processes that can be responsible for the 8l power law and a FTEST gives no justification for including
served spectra and for thefidirences found between the vara cutdf in the model.
ious classes of Seyfert galaxies are investigated in the nextConsidering the best fit obtained for the two Sy 2 classes,
subsection. NPBLs have a spectral index greater than PBLs, showing the

Fig. 5. Normalized ratio of rebinned spectra of the pair PBIRBLS.
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Table 3.Best fit parameters for simple models.

Model Sy2 r Ecutat ¥?/d.o.f. x? FTEST
Class Spectral index (keV) reduced Probability value
Power Law PBL 1.85 - 43/02 3.58 -
NPBL 1.999% - 10.312 0.86 -
Cutof Power Law PBL 1.3812 83.635% 09.911 0.90 9% 10°
NPBL 1.68523 1183, 07.711 0.65 48x 102
Notes:
The uncertainties correspond to 90% confidence level based\ph a 2.7 criterion (Lampton et al. 1976).
NC indicates that no constraint has been found on this limit.
Table 4.Best fit parameters for the reflection model PEXRAV.
Sy 2 r Efolded R x?/d.o.f. ¥ cosd
Class Spectral index (keV) Reflection reduced fixed
PBL 16533 18171 0.51238 8.610 0.86 0.45
NPBL 2.0608 1.7 x 1% 0.90%87 6.510 0.65 0.45
Sy 2 r Efolded R x?/d.o.f. x? cosd
Class Spectral index (keV) Reflection reduced free
PBL 1.6293% 1678 0.27'3S, 8.69 0.96 0.81
NPBL 2.08512 9.7 x 1% 3.07%5, 6.599 0.72 0.14

Notes:
The uncertainties correspond to 90% confidence level based\ph a 2.7 criterion (Lampton et al. 1976).

NC indicates that no constraint has been found on this limit.
[a] the value shows the absence of a measuredicatthe PDS energy range.

softness of their emissiom sy, = 1.99°938 againstISit, = NPBLs as evoked in Sect. 4.2.1. The spectral indices of Sy 2
1.38912 with a cutdf energy ofE = 83.6526 keV).

015 with and without PBL are within the same value domain. The
PBLs have the same general behavior as Sy 1 galaxiegsence of a reflection process in the NPBIBL.s emissions
which also require a cutbin their average spectrum. In pards not proven since the PEXRAV model does not improve sig-
ticular the Sy 1 energy cuio(E; = 703 keV, see D03 for nificantly the fitting results. In particular, the reflection process

spectral parameters) is very similar to that of PBIEs (= could be totally absent in the PBLs spectruf=( 0.51523).

83.633¢ keV). The spectral index is possibly slightly steeper We now leave the inclination free to limit the dependence
forSy1( = 1.49°917) than for PBLs [ = 1.38'214) but con- between the dierent spectral parameters. We find that PBLs
sidering the errors they could be identical. would be close to the normal of the disk with an angle of

Therefore, Sy 1 and Sy 2 galaxisith polarized broad lines 0S¢ = 0.81 or 36 whereas NPBLs would be seen with an

have spectral similarities whereas NPBLs galaxies present @89!€ of co® = 0.14 or 82.
The PBLs angle corresponds exactly to that found for Sy 1

tinct properties with the absence of a constrained f€aiod a g :

probable greater spectral index. galaxies in D03 where we obtained e&bs 0.81. That does not
prove that PBLs and Sy 1 have genuinely the same inclination
but that their spectra give the same parameters when applying

4.2.2. Fitting of the spectra with the reflection model the PEXRAV model.

PEXRAV

To investigate if Compton reflection plays a role in the PBLS: COmparison of the two different analyses

and NPBLs emission we use the PEXRAV model (Magdziatihe models and parameters that best fit PBLs show that
& Zdziarski 1995). This model calculates the expected X-rapeir properties are similar to those of Seyfert 1 galaxies (see
spectrum when a point source of X-rays is incident on opticaliyect. 4.2). However, the ratio of their average count spectra,
thick, mainly neutral material. The parameteiis related to shown in Sect. 4.1.2, indicates a significarffetience at high
the reflection componentand the modelis inclingtieflection  energies. To understand this apparent contradiction between the
dependent. The results are presented in Table 4. two methods, we select the best fit model for each class and we
We first fix the inclination from the normal of the disk atcalculate the ratio of these models (Fig. 6).
cos6 = 0.45 to compare the various spectral parameters of We see in Fig. 6b that the PBLs model is higher than
the two Sy 2 subclasses independently of any strong influertbat of NPBLs over most of the energy domain by the same
of the inclination. The PBLs average spectrum requires a cathount £30%) as seen in Sect. 4.1.1 in the count spectra
off whereas no indication of such a presence is observedratio. The PBLs model is always higher than that of Sy 1
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7.1. The high-energy cutoff

Sy 1 and PBLs galaxies possess a ffutd the same order,
indicating that the temperature of the electron gas is similar
for both classesT,; = Ec/ks = 8.27 x 10° K and Tpgs =
9.88x 10° K). The presence of similar cufis in the PBLs and

Sy 1 emission reveals that the same global physical conditions
occur in the inner regions of their source. This supports unified
models.

The absence of a constrained dtiin NPBLs emphasizes
differences in the primary emission of various classes of Sy 2
galaxies. However, a cufiocould arise at higher energies thus
produced by very high electron gas temperatures. We therefore
have to extend the energy domain of our investigation. This
lack could also be explained by a wide distribution of NPBLs
cutoff energies.

The genuine absence of a cfitawould suppose that fier-
ent emission processes arise within the NPBLs class.

Fig. 6. Ratios of models corresponding to the best fits. The models are Nevertheless, the cufoargument cannot explain the ab-

respectively a cutd power law for PBLs

CPL _

seL = 1.38,Ec =83.6 keV) sence of polarized broad lines in the NPBLs sources. Another

and Sy 1 galaxied €/} = 1.49,E. = 70 keV), and a simple power law way to explain the existence of two Sy 2 types is by the study
for NPBLs ({5, = 1.99). of the central engine activity, explored in the next subsection.

galaxies (Fig. 6¢), that is explained by the Sy 1 ¢utzcur-
ring at a slightly lower energy than PBLs. . ) ]

The divergence between NPBLs and Sy 1 galaxies does Mg show in this study that the NPBLs countrate at 15 keV is
exceed 20% below85 keV whereas at high energies NPBLEVO times weaker than PBLs (Sect. 4), the NPBLs spectrum
are more powerful emitters (Fig. 6d). Indeed, the presence df £0fter than Sy 1 and PBLs (see Sects. 4.3.1 and 4.3.2) and
cutoff in the Sy 1 spectrum at70 keV entails a rapid decreasd” particular the NPBLs of our sample are less luminous (see
of the Sy 1 emission whereas the NPBLs drop in emission$&ct- 2.3.2). Therefore, the central engine of NPBLs appears
only due to the spectral index of the continuum. weaker than PBLs.

The model ratios have thus the same general behavior andWe speculate that Sy 2 galaxies without polarized broad
amplitude as those of the count spectra, confirming the restiggs correspond to a state in which the accretion flow is weak
of the fits to the models. and devoid of line emitting clouds. This flow may be ifisu

cient to produce a large UV flux which in turn would explain
why Sy 2 without PBL cannot cool through Compton processes
6. Results between the electron population and the UV photons, thus ex-

The spectra of our Seyfert 2 galaxies with and without PBP!2INing the absence of cuffon the high energy emission.

have a common general behavior at first sight. Investigating
deeper, the PBLs spectrum presents a well-constrainedf cuie3, The absorption/environment role in Seyfert 2
whereas the NPBLs emission does not require th|§ property. classification
Our results also indicate that Seyfert 2 galaxies with po-
larized broad lines have several common properties with Syl'lhe absence of polarized broad lines and of affina\NPBLs
galaxies (cutfif and hardness of the same order). galaxies cannot both be explained by very high column den-
Therefore, the nature of Seyfert 2 galaxies without psities. Indeed, we consider only Comptthin Sy 2 galaxies
larized broad lines remains unclear. We found significant dius sources slightly influenced by absorption. The argument
vergences between NPBLs and the pair $yBLs. Indeed, according to which the column density of our NPBLs would
NPBLs have no constrained ctitchave a greater spectral in-be underestimated is improbable here, since this would imply a
dex and are less luminous than PBLs, revealing intringfedi large divergence between the average emission of Sy 1 and Sy 2
ences. without PBL in the 15-40 keV domain, that is not observed.
The absence of polarized broad lines in NPBLs may be due
to either the lack of a scattering medium above the absorbing
gas or to the genuine absence of line emitting clouds in the
Far from having definitively proven that NPBLs have &eti- nuclear regions.
ent central engine hence that they do not have a hidden Sy 1However, the absence of a scattering medium alone cannot
nucleus, we show that their primary emission presents substaxplain all the diferences seen in the continuum emission of
tial differences compared to PBLs and Sy 1 galaxies. the two Sy 2 types.

7.2. The central engine activity

7. Discussion
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Table 5. Emission properties of PBLs and NPBLs of our sample.

Sy 2 Class Characteristics

PBLs Cutdf at~80 keV

lower spectral index than NPBLs
Spectral similarities with Sy 1 galaxies
NPBLs no constrained cufd

softness of the emission

central engine activity weaker than PBLs
not more absorbed than PBLs

7.4. Implications Goodrich, R. W., Veilleux, S., & Hill, G. J. 1994, ApJ, 422, 521

L. . Gu, Q., Maiolino, R., & Dultzin-Hacyan, D. 2001, A&A, 366, 765
We summarize in Table 5 the characteristics of Seyfert 2 galaXjainazzi. M.. Fiore. F.. Matt. G.. & Perola. G. C. 2001. MNRAS

ies with and without polarized broad lines. The PBLs and Sy 1357, 323

galaxies of our sample have similar physical conditions in thgainazzi, M., Matt, G., Antonelli, L. A., et al. 1998, MNRAS, 298,

inner regions of their sources. Consequently, the observed difg24

ferences in the line properties and in X-ray emission can bayashi, I., Koyama, K., Awaki, H., & Yamauchi, S. U. S. 1996, PASJ,

due to a greater absorption in PBLs compared to Sy 1 galaxies48, 219

which agrees with unified models. Heisler, C. A., Lumsden, S. L., & Bailey, J. A. 1997, Nature, 385, 700
The NPBLs, however, are not only hidden Sy 1 nucledwasawa, K., Kunieda, H., Tawara, Y., etal. 1995, AJ, 110, 551

since the absorption argument is unable to reproduce the &ify: L. E. 1994, ApJ, 430, 196

ferent spectral properties found in this study. To confirm thigmPton M., Margon, B., & Bowyer, S. 1976, ApJ, 208, 177

eighly, K. M., Cappi, M., Kay, L., et al. 2000, in Rossi2000:

assertion and to allow a meaningful analysis of the central €M Astrophysics with the Rossi X-ray Timing Explorer. March 22—24,

gine signatures of the filerent types of Sy galaxies, we need a 599q at NASA's Goddard Space Flight Center, Greenbelt, MD

larger sample of Sy 2 having both spectropolarimetric observaysa, g125

tions and high quality X-ray data. Lumsden, S. L., Heisler, C. A., Bailey, J. A., Hough, J. H., & Young,
We conclude that while Seyfert 2 galaxies with polarized S. 2001, MNRAS, 327, 459

broad lines have continuum emission properties that matdagdziarz, P., & Zdziarski, A. A. 1995, MNRAS, 273, 837

those of Seyfert 1 galaxies, Seyfert 2 galaxies without PBL dller, J. S., & Goodrich, R. W. 1990, ApJ, 355, 456

seem to present genuingfgrences in their nuclear propertiesMoran, E. C., Barth, A. J., Kay, L. E., & Filippenko, A. V. 2000, ApJ,
540, L73
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Appendix A: Average spectra fitted
with the different models

We present the average count spectrum of each class fitted b

the models applied in this study.

Average Spectrum of PBL Sy 2 galaxies fitted by a simple power law
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Fig. A.1. Average spectrum of Seyfert 2 galaxies with polarized broad

lines fitted by a power law model and residuals.

Average Spectrum of PBL Sy 2 galaxies fitted by a cutoff power law
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Fig. A.2. Average spectrum of Seyfert 2 galaxies with polarized broad

lines fitted by a cutfi power law model and residuals.
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Average Spectrum of NPBL Sy 2 galaxies fitted by a simple power law
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Fig. A.4. Average spectrum of Seyfert 2 galaxies without polarized
broad lines fitted by a power law model and residuals.
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Fig. A.5. Average spectrum of Seyfert 2 galaxies without polarized
broad lines fitted by a cutbpower law model and residuals.
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Fig. A.6. Average spectrum of Seyfert 2 galaxies without polarized
broad lines fitted by the PEXRAV model (c6s= 0.45) and residuals.

Fig. A.3. Average spectrum of Seyfert 2 galaxies with polarized broad

lines fitted by the PEXRAV model (cas= 0.45) and residuals.



