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Teopeu I1. ITempos. U3CJIEJIBAHE HA JIBATA TUITA CUU®BPT-2 TAJTAKTUKHA C
HUCKO IIOITBIIAHE B PEHTTEHOBIS JUAITA3OH HA CIIEKTBPA

CnOpanu cMe u3Bazka ot 27 6mu3ku Cuii(hbpT-2 rajlakTUKU ¢ HUCKO MOITBIAHE B PEHT-
TCHOBHS JHAMA30H Ha CHeKThpa. TeXHHTEe KOIOHKOBH MIbTHOCTH ca Ny < 102 cm™2. Cuii-
(GBPT-2 raJaKTHKUTE ¢ HUCKO IMONIBIIAHE B PEHTTCHOBHS JMAIa30H Ca Pa3/elicHH Ha J(Ba
TOJTUTIA: TANaKTHUKH, KOUTO TIPUTEKABaT CKPUTA OOIACT HA IIMPOKHUTE KPHIA Ha JTHHUUTE; H
rajJlakTuKH Oe3 TakaBa obnact. Hue uscieqaxme rajJakTHKATE OT HaIllaTa H3BajKa 3a HAJIMIUC
Ha CKpHTa 00IIacT Ha MIMPOKUTE KpUila Ha TMHUUTE, U3MON3BANKH €AMHITOHOBHTE OTHOIICHUS
Ly,,/ Ly ChInecTBYBa KpUTHYIHA CTOMHOCT Ha SIMHITOHOBOTO OTHOMIEHHe, 103, Mo kosTo
He ce HaOMIoaBa CKpHUTa 0ONacT Ha MMPOKUTE Kpuia Ha muHuuTe. CHINO Taka, KOraTo TOBa
oTHoleHue € > 0,23, mupoKuTe Kpuia Ha TMHUUTE OTHOBO JIMIICBAT. YCTAHOBUXME, 4€ CaAMO
4 obexTa OT HaITaTa W3BaJKa MPUTEKABAT CKPHUTA OONACT Ha ITMPOKHTE KPUIIa HA JTHHHUUTE.
Ocrananure 00eKTH He II0Ka3BaT HaJIM4Ke Ha TakaBa o0sacT. Chlo onpeaenuxme, 4e 12 o0ex-
Ta ChC CUTYPHOCT HE NMIPUTEKaBaT CKPUTa 00IACT HA MIUPOKUTE Kpuaa Ha TuauuTe. [lomydanmn
cme oTHOEHUETO (N, / N, ) ;. ~ 55 oy 3@ OOEKTUTE OT HalIaTa U3BajKa — OpoAT Ha (hoToHHUTE,
npocneneny ot auHuaTa [OII] AS007A, Nph, OTHECEH KbM Oposi Ha HOoHM3Upammre HOTOHH,
N,,,» U3IBUEHH OT LEHTPAJIHUS U3TOYHUK, C eHeprum hv > 55 €V. B aHu30TponHus ciydai
OTHOIIICHUETO Nph/ Ny > 55 v € 3HAUUTEIHO IO-TOJAMO OT 1 M Te3u OOEKTH IIPUTEKABAT
CKPHT IIEHTpaJIeH U3TOYHHK. ChOOPa3HO HAIIMTE Pe3yITaTH OOCKTHTE OT M3BaJKaTa, KOUTO
ca ChC CKpUTa 00TacCT Ha IIMPOKHTE KPHila Ha IMHUHTE, IPUTEKaBaT TakaBa aHU3OTPOIHUS H
CBOTBETHO MIMAT CKPUT IICHTPAJICH H3TOYHUK Ha JIbYCHHE.
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Georgi P. Petrov. INVESTIGATION OF THE TWO TYPES UNABSORBED SEYFERT
2 GALAXIES

We have compiled a sample of 27 nearby unabsorbed Seyfert 2 type galaxies. These
objects are X-ray unabsorbed and their measured column densities are Ny, < 10?2 cm™. The
Unabsorbed Seyfert 2 galaxies are divided in two types: unabsorbed Seyfert 2 galaxies with
and without hidden broad line region (HBLR). We have investigated the unabsorbed Seyfert
2 galaxies for presence of a HBLR using calculated Eddington ratios Ly, / Ly, - There is a
critical value of the Eddington ratio, 103, below which there is no HBLR. When this ratio
is > 0.2-3 the broad lines also disappear. We found that only 4 objects of our sample have a
HBLR. For the rest of the sample there is no evidence for existence of a HBLR. We determined
that 12 objects certainly don’t have a HBLR. At the same time, we have derived the ratio
(Noh/ Nign) 1 55 ey f the number of photons traced by the [OI1I] 15007A emission line (V) to
the number of high ionizing photons V. emitted by the central AGN source with hv > 55 eV

ion
for all sample objects. In the anisotropic case the ratio (N, / N;;) .- 55 oy 18 larger than 1 and
these objects possess a hidden AGN source. From the results can be inferred that unabsorbed
Seyfert 2 galaxies with HBLR show an anisotropy and they have hidden central source.

Keywords: galaxies: active; X-rays: galaxies; galaxies: Seyfert; polarization
PACS numbers: 98.54.-h; 98.54.Cm; 98.62.Js

1. INTRODUCTION

The standard theory of active galaxies is based on the idea of an accretion
disk around a massive black hole. This theory predicts the presence of a hard
X-ray continuum from a central engine, that is strong enough to photoionize
the Broad Line Region (BLR — closer to the source) and the Narrow Line Re-
gion (NLR — at < 100 pc from the nuclear engine).

Seyfert galaxies are divided into types 1 and 2 in the Unified model which
is orientation-based unification scheme. According to this model, the two types
Seyferts are actually the same objects but they differ only in their orientation.
Seyfert 2 type galaxies possess a BLR but it is obscured by a molecular torus
and because of this it is unobservable.

In fact, there are some exceptions from this Unified model. Some Seyfert
2 type galaxies don’t harbour a BLR, so they are the “true” Seyfert 2 galaxies —
without hidden broad line region (HBLR) [1, 2].

Not all Seyfert 2 galaxies have a BLR in polarized light, and not all Sey-
fert 2 galaxies have column densities higher than 10?> cm 2. Normally the
column density of neutral hydrogen N, for X-ray radiation in type 2 Seyferts
is significantly higher than this in type 1 objects, because of the torus around
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the nucleus, which is on the line of sight. However, there are some Seyfert 2
galaxies, which are X—ray unabsorbed and their measured column densities
are N;; < 102 cm ™ [3].

In this paper we have studied a sample of 27 nearby unabsorbed Seyfert 2
type galaxies for a presence of a HBLR, using the Eddington ratio L, ./ L
as a criterion.

We have also calculated the ratio (N, ph/ N..w) 1> s5 ey TOr the two types
unabsorbed Seyfert 2 galaxies (with and without HBLR) to probe them for

anisotropy and hidden central engine.

Bol Edd

2. DATA AND RESULTS

Our sample contains 27 nearby Seyfert galaxies and most of them are
classified by NED as Seyfert 2 type, but others as type 1.8 — 1.9. For the sake
of simplicity, we generally call them Seyfert 2. All objects have N, < 10?2 cm™
2. In this paper we adopt the cosmological constant Hj= 75 km s~ Mpc™'.

We have used from Wang & Zhang [4] the empirical relation My, — o to
estimate the mass of the central massive black hole:

My, =135 %108 M, (6/200 km s )02
with o being the central stellar velocity dispersion of the galaxy,
and the Eddington ratio:

-1
L M

L. /L.)=01|——=2 | Bl

ot Frad) (1.4X1044erg.s_1]{107M® ’

where L =30 L, .y 18 the bolometric luminosity [S]; see Table 1.

The unabsorbed Seyfert 2 galaxies are divided into two types: unabsorbed
Seyfert 2 galaxies with and without HBLR. There is a critical value of the Ed-
dington ratio 10~ (see Fig.1), below which there is no HBLR [6]. When the
Eddington ratio is > 0.2-3, the broad lines also disappear. It is possible for the
objects without HBLR to occupy the areas below and above the Nicastro’s
boundary. A possible reason for this fact is the presence of two sub-types un-
absorbed galaxies without HBLR: one with lower black hole masses and one
with more massive black holes (see Table 1). This idea is mentioned in Wang
& Zhang [4].

We know that the normalized accretion rate is 71 o< (Lg,/Lgyq) [7]- Thus,
it is obvious that the unabsorbed galaxies without HBLR and with more mas-
sive black holes in their centres have lower accretion rates than the other
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unabsorbed Seyfert 2 galaxies. These objects are probably at the final stage of
the evolution of Seyfert 2 galaxies, when the torus is depleted and the accre-
tion rates are very low.

Our sample contains 4 objects which have observed polarized broad lines
(IRAS F01475-0740, NGC 2992, NGC 5929, NGC 5995) and 4, which are
shown to not have (MRK 334, NGC 3660, NGC 4501, NGC 7590) — see Shu et
al. [8]. There are 8 objects of the rest of the sample which are below the critical
value of the Eddington ratio, thus they also don’t harbour a HBLR (see Fig.1).

On Fig.2 it is visible that unabsorbed Seyfert 2 galaxies with HBLR
(marked with squares) occupy only the upper right corner of the graphic. Us-
ing the same diagnostic diagram Tran [2] showed the separation between ob-
jects with and without HBLR for all species (Compton thick and Compton
thin, but mainly for Compton thick) of Seyfert 2 objects. Here we have the
same separation only for the unabsorbed Seyfert 2 galaxies that have Compton
thin nature.
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Fig. 1. The relation between the luminosity L, |, ., and the mass of the central massive black

hole is shown. The thin line on the figure indicates the critical value of the Eddington ratio

— 10°. The objects, which have polarized broad lines, are marked with squares; these without

polarized broad lines are shown with circles; asterisks denote the galaxies that are unspecified
from observations about existence of a HBLR
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Table 1. Observed and calculated data for 27 unabsorbed Seyfert 2 galaxies

Name z log Ny | T |Fy jokev| Flom 6 | Myy | log(Lyy/ [Ny/Nig,
Ly

MRK 273x  0.45800 21.15 1.66 0.01 0.00014 - - - 0.15
MRK 334 0.02195 20.64 2.00 1.366 0.2 79* 0.3 —0.08 -
IRAS 0.01767 21.59 2.06 0.075 0.0625 - - - 2.52
F01475-0740
IRAS 0.03150 <21.60 1.92 0.24 0.0152 - - - 0.31
20051-1117
ESO 0.02685 20.28 1.99 0.08 0.024 - - - 1.15
540-G001
CGCG 0.03713 21.56 1.71 0.215 0.0126 - - - 0.56
303-017
CGCG 0.02362 <20.60 2.09 0.031 0.0047 - - - 0.41
551-008
MCG 0.01993 <2048 1.85 0.069 0.0102 - — - 0.90
03-05-007
UGC 03134 0.02871 21.23 134 0.019 0.0065 - - - 8.24
IC 1631 0.03084 <21.50 2.10 1.00 0.052 - 0.14

NGC2992  0.00771 2195 1.70 74 0.680 166.1 6.4 -1.55 0.90
NGC 3147  0.00941 <2046 194 0.22 0.009 2613 395 -3.70 0.19
NGC 3660  0.01229 20.26 1.83 0.236 0.0593 95* 0.7 -1.67 1.64
NGC 3941  0.00310 <21.00 2.1 0.004 0.00329 168.7 6.8 —5.64 2.17
NGC 4472  0.00333 2148 1.61 0.038 0.0003 291.1 61.0 -5.55 0.10
NGC 4501  0.00761 21.30 1.5 0.011 0.0054 1609 5.6 —4.33 8.44
NGC4565  0.00410 20.11 1.7 0.02 0.006 136.0 2.9 —4.32 2.95
NGC 4579  0.00507 20.39 1.88 0.52 0.009 1544 438 —2.94 0.10
NGC 4594 0.00342 2123 1.5 0.16 0.007 241.1 28.6 —4.57 0.75
NGC4698  0.00334 2091 191 0.10 0.0024 132.7 2.6 -3.75 0.12
NGC 5033  0.00292 20.01 1.7 028 0.017 1314 25 -3.41 0.60
NGC 5929  0.00831 20.76 1.7 0.135 0.0408 120.6 1.8 —2.66 297
NGC 5995  0.02519 2194 1.81 2.89 0.66 - - — 1.59
NGC 6221  0.00500 22.04 1.9 1.4 0.00214 111* 13 -1.95 0.01
NGC 6251  0.02471 21.88 1.83 0.14  0.057 310.7 79.3 -3.35 2.66
NGC 7590  0.00526 <2096 229 0.12 0.017 99* 0.8 -2.77 0.19
NGC 7679  0.01714 2034 1.75 0.60 0.1083 96* 0.7 —0.99 1.52

Note: In the columns are presented: the name of the galaxy; red shift z as reported in
NED; N,, is in units of cm (from other articles — see references at the end of this paper);
photon index I" (from other references); observed hard X-ray (2-10 keV) flux in units of 10~!!
ergs s~' cm2 (from other references); the extinction-corrected flux of [OIII] A5007 emission in
units of 10! ergs s™ cm > (observed F, is from other references); o — the stellar velocity
dispersion of the galaxies (The data for most of the objects is taken from the archive LEDA.
The values marked with asterisks are taken from Gu et al. [9]); My, — the black hole mass in
units of A7 ; the Eddington ratios (Lg,,/ Ly,y); Nph/ N,,, ratio. The data in this table is taken
from references [2—5] and [8—18].
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Fig. 2. Relation between the luminosity L, ., and the extinction-corrected luminosity

Liomy Symbols are the same as in Fig. 1

At the same time we have calculated (Nph / from:

Nion) hv>55¢eV

Fnt Fl'lt_
Y dy = 4nR; =V = U= F (v /)

New= | hv hrC

55eV

where N, is the number of ionizing photons with v > 55 eV provided by

the central AGN source, R is the distance to the galaxy, E}* is the flux from
the central source, FVO is the flux at #v, = 13.6 €V and I is the photon index;
and

oG (0™, 1) ([0 ]r5007)CF

eff ’

Ny
3007 (1> Te AV 5007

p

where Ny, is the total number of ionizing photons that must be available to

produce the observed [OIII] A5007 emission, L™ ([O**]A5007) is the extinc-
tion-corrected luminosity,o;(0*2, 7.) = 5.1 x 10712 cm? s7! is the recombina-

tion coefficient at 7, = 10*K, asfy, (n,,7,) = 0.7 x 10 cm? s~ is the effective
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recombination coefficient at n, =3 x 10° cm™ and 7, = 10*K. The covering
factor is CF = 0.07 [19].

The unabsorbed HBLR Seyfert 2 galaxies of the sample have
(Nph/Nion)hv - 55 oy larger or approximately equal to 1 and they show an ani-
sotropy because of their hidden central source. Some of the unabsorbed non-
HBLR Seyfert 2 galaxies also show an anisotropy, but others have

(Nph/Nion)hv - 550y < 1, which is not usual for galaxies with HBLR.

3. CONCLUSIONS

Our sample of 27 nearby unabsorbed Seyfert 2 galaxies contains only 4
objects that have a HBLR. Concerning the rest of the sample, there is no evi-
dence for existence of a HBLR. We determined that 12 objects certainly don’t
have a HBLR. It seems that unabsorbed Seyfert 2 galaxies with HBLR possess
a hidden central source and they have (Nph/Ni on)iw > 55 oy lArger or approxi-
mately equal to 1.

We also found that it is possible for the objects without HBLR to occupy
the areas below as well as above the boundary, 103, for the Eddington ratio. A
possible reason is the existence of two sub-types unabsorbed galaxies without
HBLR: with lower black hole masses and with more massive black holes in
their centres.
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