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Георги П. Петров. ИЗСЛЕДВАНЕ НА ДВАТА ТИПА СИЙФЪРТ-2 ГАЛАКТИКИ С 
НИСКО ПОГЛЪЩАНЕ В РЕНТГЕНОВИЯ ДИАПАЗОН НА СПЕКТЪРА

Събрали сме извадка от 27 близки Сийфърт-2 галактики с ниско поглъщане в рент-
геновия диапазон на спектъра. Техните колонкови плътности са NH < 1022 cm–2. Сий- Сий-
фърт-2 галактиките с ниско поглъщане в рентгеновия диапазон са разделени на два 
подтипа: галактики, които притежават скрита област на широките крила на линиите�� и�� и и 
галактики без такава област. Ние изследвахме галактиките от нашата извадка за нали�ие Ние изследвахме галактиките от нашата извадка за нали�иеНие изследвахме галактиките от нашата извадка за нали�ие 
на скрита област на широките крила на линиите, използвайки едингтоновите отношения 
LBol� / LEdd. Съществува крити�на стойност на едингтоновото отношение, ��едингтоновото отношение, ��, ��–3, под която под която 
не се наблюдава скрита област на широките крила на линиите. Също така, когато това 
отношение е �� �,2��, широките крила на линиите отново липсват. �становихме, �е само�� �,2��, широките крила на линиите отново липсват. �становихме, �е само, широките крила на линиите отново липсват. �становихме, �е само�становихме, �е само 
4 обекта от нашата извадка притежават скрита област на широките крила на линиите. 
Останалите обекти не показват нали�ие на такава област. Също определихме, �е �2 обек-
та със сигурност не притежават скрита област на широките крила на линиите. Полу�или 
сме отношението (Nph� / Nion) hν > 55 �V�V за обектите от нашата извадка � броят на фотоните, 
проследени от линията ������� ����7�, ������� ����7�,������ ����7�,�� ����7�,����7�,���7�, Nph�, отнесен към броя на йонизиращите фотони,, 
Nion, излъ�ени от централния изто�ник, с енергии hν > �� ��. В анизотропния слу�ай��. В анизотропния слу�ай. В анизотропния слу�ай 
отношението ( (Nph� / Nion) hν > 55 �V�V е зна�ително по-голямо от � и тези обекти притежават 
скрит централен изто�ник. Съобразно нашите резултати обектите от извадката, които 
са със скрита област на широките крила на линиите, притежават такава анизотропия искрита област на широките крила на линиите, притежават такава анизотропия и 
съответно имат скрит централен изто�ник на лъ�ение.
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Georgi P�� Petro� P�� Petro�P�� Petro�. INVESTIGATION OF THE TWO TYPES UNABSORBED SEYFERTINVESTIGATION OF THE TWO TYPES UNABSORBED SEYFERT 
2 GALAXIES

W� hav� compil�d a sampl� of 27 n�arby unabsorb�d S�yf�rt 2 typ� galaxi�s. Th�s� 
obj�cts ar� X�ray unabsorb�d and th�ir m�asur�d column d�nsiti�s ar� m�asur�d column d�nsiti�s ar�m�asur�d column d�nsiti�s ar� NNH < 1022 cm–2. Th�� 
Unabsorb�d S�yf�rt 2 galaxi�s ar� divid�d in t�o typ�s: unabsorb�d S�yf�rt 2 galaxi�s �ith S�yf�rt 2 galaxi�s ar� divid�d in t�o typ�s: unabsorb�d S�yf�rt 2 galaxi�s �ithunabsorb�d S�yf�rt 2 galaxi�s �ith 
and �ithout hidd�n broad lin� r�gion (HBLR). W� hav� inv�stigat�d th� unabsorb�d S�yf�rt W� hav� inv�stigat�d th� unabsorb�d S�yf�rtW� hav� inv�stigat�d th� unabsorb�d S�yf�rt 
2 galaxi�s for pr�s�nc� of a HBLR using calculat�d Eddington ratios LLBol� / LEdd . Th�r� is a 
critical valu� of th� Eddington ratio, ��10–3, b�lo� �hich th�r� is no HBLR. Wh�n this ratio 
is �� �.2�� th� broad lin�s also disapp�ar. W� found that only 4 obj�cts of our sampl� hav� a�� �.2�� th� broad lin�s also disapp�ar. W� found that only 4 obj�cts of our sampl� hav� ath� broad lin�s also disapp�ar. W� found that only 4 obj�cts of our sampl� hav� a 
HBLR. For th� r�st of th� sampl� th�r� is no �vid�nc� for �xist�nc� of a HBLR. W� d�t�rmin�d 
that �2 obj�cts c�rtainly don’t hav� a HBLR. At th� sam� tim�, �� hav� d�riv�d th� ratio At th� sam� tim�, �� hav� d�riv�d th� ratioAt th� sam� tim�, �� hav� d�riv�d th� ratio  
(Nph� / Nion) hν > 55 �V of th� numb�r of photons trac�d by th� ������� ����7� �mission lin� (of th� numb�r of photons trac�d by th� ������� ����7� �mission lin� (����7� �mission lin� ( �mission lin� (Nph�) to to 
th� numb�r of high ionizing photons Nion �mitt�d by th� c�ntral AGN sourc� �ith hν > 55 �V 
for all sampl� obj�cts. �n th� anisotropic cas� th� ratio (Nph� / Nion) hν > 55 �V is larg�r than � and 
th�s� obj�cts poss�ss a hidd�n AGN sourc�. From th� r�sults can b� inf�rr�d that unabsorb�d 
S�yf�rt 2 galaxi�s �ith HBLR sho� an anisotropy and th�y hav� hidd�n c�ntral sourc�.sho� an anisotropy and th�y hav� hidd�n c�ntral sourc�..

Keywords: galaxi�s: activ��� X-rays: galaxi�s�� galaxi�s: S�yf�rt�� polarization
PACS numbers: 98.�4.-h�� 98.�4.Cm�� 98.62.Js

�. �NTR�DUCT��N

Th� standard th�ory of activ� galaxi�s is bas�d on th� id�a of an accr�tionof activ� galaxi�s is bas�d on th� id�a of an accr�tion activ� galaxi�s is bas�d on th� id�a of an accr�tion 
disk around a massiv� black hol�. This th�ory pr�dicts th� pr�s�nc� of a hard 
X-ray continuum from a c�ntral �ngin�, that is strong �nough to photoioniz� 
th� Broad Lin� R�gion (BLR � clos�r to th� sourc�) and th� Narro� Lin� R�-
gion (NLR � at < ��� pc from th� nucl�ar �ngin�).

S�yf�rt galaxi�s ar� divid�d into typ�s � and 2 in th� Unifi�d mod�l �hich 
is ori�ntation-bas�d unification sch�m�. According to this mod�l, th� t�o typ�s 
S�yf�rts ar� actually th� sam� obj�cts but th�y diff�r only in th�ir ori�ntation. 
S�yf�rt 2 typ� galaxi�s poss�ss a BLR but it is obscur�d by a mol�cular torus 
and b�caus� of this it is unobs�rvabl�.

�n fact, th�r� ar� som� �xc�ptions from this Unifi�d mod�l. Som� S�yf�rt 
2 typ� galaxi�s don’t harbour a BLR, so th�y ar� th� “tru�” S�yf�rt 2 galaxi�s � 
�ithout hidd�n broad lin� r�gion (HBLR) ��, 2��.

Not all S�yf�rt 2 galaxi�s hav� a BLR in polariz�d light, and not all S�y-
f�rt 2 galaxi�s hav� column d�nsiti�s high�r than ��22 cm−2. Normally th� 
column d�nsity of n�utral hydrog�n NH for X�ray radiation in typ� 2 S�yf�rts 
is significantly high�r than this in typ� � obj�cts, b�caus� of th� torus around 
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th� nucl�us, �hich is on th� lin� of sight. Ho��v�r, th�r� ar� som� S�yf�rt 2 
galaxi�s, �hich ar� X�ray unabsorb�d and th�ir m�asur�d column d�nsiti�s 
ar� NH < 1022 cm–2 ����.

�n this pap�r �� hav� studi�d a sampl� of 27 n�arby unabsorb�d S�yf�rt 2 
typ� galaxi�s for a pr�s�nc� of a HBLR, using th� Eddington ratio LBol� / LEdd 
as a crit�rion.

W� hav� also calculat�d th� ratio (Nph� / Nion) hν > 55 �V for th� t�o typ�s 
unabsorb�d S�yf�rt 2 galaxi�s (�ith and �ithout HBLR) to prob� th�m for 
anisotropy and hidd�n c�ntral �ngin�.

2. DATA AND RESULTS 

 �ur sampl� contains 27 n�arby S�yf�rt galaxi�s and most of th�m ar� 
classifi�d by NED as S�yf�rt 2 typ�, but oth�rs as typ� �.8 � �.9. For th� sak� 
of simplicity, �� g�n�rally call th�m S�yf�rt 2. All obj�cts hav� NH < 1022 cm–

2. �n this pap�r �� adopt th� cosmological constant H0 = 7� km s–1 Mpc–1.
W� hav� us�d from Wang & Zhang �4�� th� �mpirical r�lation MBH � σ to 

�stimat� th� mass of th� c�ntral massiv� black hol�:
 MBH = 1.35 × 108 M  (σ / 2�� km s–1)4.02 ,
�ith σ b�ing th� c�ntral st�llar v�locity disp�rsion of th� galaxy, 
and th� Eddington ratio:

(LBol� / LEdd) = 0.1 
LBol

1erg.s1 4 1044. ×
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�h�r� LBol� = 30 L2���k�� is th� bolom�tric luminosity ������ s�� Tabl� �.
Th� unabsorb�d S�yf�rt 2 galaxi�s ar� divid�d into t�o typ�s: unabsorb�d 

S�yf�rt 2 galaxi�s �ith and �ithout HBLR. Th�r� is a critical valu� of th� Ed-
dington ratio ��–3 (s�� Fig.�), b�lo� �hich th�r� is no HBLR �6��. Wh�n th� 
Eddington ratio is �� �.2��, th� broad lin�s also disapp�ar. �t is possibl� for th� 
obj�cts �ithout HBLR to occupy th� ar�as b�lo� and abov� th� Nicastro’s 
boundary. A possibl� r�ason for this fact is th� pr�s�nc� of t�o sub-typ�s un-
absorb�d galaxi�s �ithout HBLR: on� �ith lo��r black hol� mass�s and on� 
�ith mor� massiv� black hol�s (s�� Tabl� �). This id�a is m�ntion�d in Wang 
& Zhang �4��. 

W� kno� that th� normaliz�d accr�tion rat� isth� normaliz�d accr�tion rat� is m L L∝ ( / ) Bol Edd �7��. Thus, 
it is obvious that th� unabsorb�d galaxi�s �ithout HBLR and �ith mor� mas-unabsorb�d galaxi�s �ithout HBLR and �ith mor� mas-
siv� black hol�s in th�ir c�ntr�s hav� lo��r accr�tion rat�s than th� oth�r in th�ir c�ntr�s hav� lo��r accr�tion rat�s than th� oth�r 
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unabsorb�d S�yf�rt 2 galaxi�s. Th�s� obj�cts ar� probably at th� final stag� of Th�s� obj�cts ar� probably at th� final stag� of 
th� �volution of S�yf�rt 2 galaxi�s, �h�n th� torus is d�pl�t�d and th� accr�-
tion rat�s ar� v�ry lo�.

�ur sampl� contains 4 obj�cts �hich hav� obs�rv�d polariz�d broad lin�s 
(�RAS F��47�-�74�, NGC 2992, NGC �929, NGC �99�) and 4, �hich ar� 
sho�n to not hav� (MRK ��4, NGC �66�, NGC 4���, NGC 7�9�) � s�� Shu �t� s�� Shu �t s�� Shu �t 
al. �8��. Th�r� ar� 8 obj�cts of th� r�st of th� sampl� �hich ar� b�lo� th� critical8��. Th�r� ar� 8 obj�cts of th� r�st of th� sampl� �hich ar� b�lo� th� critical��. Th�r� ar� 8 obj�cts of th� r�st of th� sampl� �hich ar� b�lo� th� critical 
valu� of th� Eddington ratio, thus th�y also don’t harbour a HBLR (s�� Fig.�).1).).

�n Fig.2 it is visibl� that unabsorb�d S�yf�rt 2 galaxi�s �ith HBLR 
(mark�d �ith squar�s) occupy only th� upp�r right corn�r of th� graphic. Us-
ing th� sam� diagnostic diagram Tran �2�� sho��d th� s�paration b�t���n ob-
j�cts �ith and �ithout HBLR for all sp�ci�s (Compton thick and Compton 
thin, but mainly for Compton thick) of S�yf�rt 2 obj�cts. H�r� �� hav� th� 
sam� s�paration only for th� unabsorb�d S�yf�rt 2 galaxi�s that hav� Compton 
thin natur�.

Fig. �. Th� r�lation b�t���n th� luminosity L2���k�� and th� mass of th� c�ntral massiv� black 
hol� is sho�n. Th� thin lin� on th� figur� indicat�s th� critical valu� of th� Eddington ratio 
– 103. Th� obj�cts, �hich hav� polariz�d broad lin�s, ar� mark�d �ith squar�s�� th�s� �ithout 
polariz�d broad lin�s ar� sho�n �ith circl�s�� ast�risks d�not� th� galaxi�s that ar� unsp�cifi�d 

from obs�rvations about �xist�nc� of a HBLR
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Table 1. �bs�rv�d and calculat�d data for 27 unabsorb�d S�yf�rt 2 galaxi�s

Nam� z log NH Γ F2���k�� F������� σ MBH log(LBol�/
LEdd)

Nph�/Nion

MRK 27�x 0.45800 21.15 �.66 0.01 0.00014 – – – 0.15
MRK ��4 0.02195 2�.64 2.00 �.�66 0.2 79 * 0.3 –0.08 –
IRAS
F01475–0740

�.��767 21.59 2.�6 0.075 �.�62� – – – 2.52

IRAS
20051–1117 

0.03150 < 2�.6� 1.92 0.24 0.0152 – – – 0.31

ESO
540–G001 

�.�268� 20.28 1.99 0.08 0.024 – – – 1.15

CGCG
303–017 

0.03713 2�.�6 1.71 0.215 �.��26 – – – �.�6

CGCG
551–008

�.�2�62 < 2�.6� 2.09 0.031 0.0047 – – – 0.41

MCG
03–05–007 

0.01993 < 20.48 1.85 �.�69 0.0102 – – – 0.90

UGC ����4 0.02871 21.23 1.34 0.019 �.��6� – – – 8.24
�C �6�� 0.03084 < 21.50 2.10 1.00 0.052 – – – 0.14
NGC 2992 0.00771 21.95 1.70 7.4 �.68� �66.� 6.4 –1.55 0.90
NGC ��47 0.00941 < 2�.46 1.94 0.22 0.009 26�.� 39.5 –3.70 0.19
NGC �66� 0.01229 2�.26 1.83 �.2�6 0.0593 95 * 0.7 ��.67 �.64
NGC �94� 0.00310 ≤ 2�.�� 2.1 0.004 0.00329 �68.7 6.8 ��.64 2.17
NGC 4472 0.00333 21.48 �.6� 0.038 0.0003 291.1 6�.� –5.55 0.10
NGC 4��� �.��76� 21.30 1.5 0.011 0.0054 �6�.9 �.6 –4.33 8.44
NGC 4�6� 0.00410 20.11 1.7 0.02 �.��6 ��6.� 2.9 –4.32 2.95
NGC 4�79 0.00507 20.39 1.88 0.52 0.009 154.4 4.8 –2.94 0.10
NGC 4�94 0.00342 21.23 1.5 �.�6 0.007 241.1 28.6 –4.57 0.75
NGC 4698 0.00334 20.91 1.91 0.10 0.0024 132.7 2.6 –3.75 0.12
NGC ���� 0.00292 20.01 1.7 0.28 0.017 131.4 2.5 –3.41 �.6�
NGC �929 0.00831 2�.76 1.7 0.135 0.0408 �2�.6 1.8 �2.66 2.97
NGC �99� 0.02519 21.94 1.81 2.89 �.66 – – – 1.59
NGC 622� 0.00500 22.04 1.9 1.4 0.00214 111 * 1.3 –1.95 0.01
NGC 62�� 0.02471 21.88 1.83 0.14 0.057 310.7 79.3 –3.35 2.66
NGC 7�9� �.���26 < 2�.96 2.29 0.12 0.017 99 * 0.8 –2.77 0.19
NGC 7679 0.01714 20.34 1.75 �.6� 0.1083 96 * 0.7 –0.99 1.52

Note: �n th� columns ar� pr�s�nt�d: th� nam� of th� galaxy�� r�d shift z as r�port�d in 
NED�� NH is in units of cm–2 (from oth�r articl�s � s�� r�f�r�nc�s at th� �nd of this pap�r)�� 
photon ind�x Γ (from oth�r r�f�r�nc�s)�� obs�rv�d hard X-ray (2-�� k��) flux in units of ��–11 
�rgs s–1 cm–2 (from oth�r r�f�r�nc�s)�� th� �xtinction-corr�ct�d flux of ������� ����7 �mission in 
units of ��–11 �rgs s–1 cm–2 (obs�rv�d F������� is from oth�r r�f�r�nc�s)�� σ � th� st�llar v�locity 
disp�rsion of th� galaxi�s (Th� data for most of th� obj�cts is tak�n from th� archiv� LEDA. 
Th� valu�s mark�d �ith ast�risks ar� tak�n from Gu �t al. �9��)�� MBH � th� black hol� mass in 
units of 

M �� th� Eddington ratios (LBol� / LEdd)�� Nph� / Nion ratio. Th� data in this tabl� is tak�n 
from r�f�r�nc�s �2���� and �8��8��.
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Fig. 2. R�lation b�t���n th� luminosity L2���k�� and th� �xtinction-corr�ct�d luminosity 
L�������. Symbols ar� th� sam� as in Fig. �

At th� sam� tim� �� hav� calculat�d (Nph� / Nion) hν > 55 �V from:
 

N F d R F F F
eV

ion

nt

G
h 55eV
nt

nt

h h
= = = =

∞
=∫ ν ν

ν νν
ν π ν ν

55

2
0 04

Γ
Γ( / ) ,

�h�r� Nion is th� numb�r of ionizing photons �ith hν > �� �� provid�d by 

th� c�ntral AGN sourc�, RG is th� distanc� to th� galaxy, Fν
nt  is th� flux from 

th� c�ntral sourc�, Fv0
 is th� flux at hν0 = ��.6 �� and Γ is th� photon ind�x�� 
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�h�r� Nph� is th� total numb�r of ionizing photons that must b� availabl� to 
produc� th� obs�rv�d ������� ����7 �mission, Lcorr 2O([ ] )+ λ5007  is th� �xtinc-
tion-corr�ct�d luminosity,aG(�+2, T�) = 5.1 × 10–12 cm3 s–1 is th� r�combina-

tion co�ffici�nt at T� ≈ ��4 K, α5007
eff

e e( , )n T = 0.7 × 10–9 cm3 s–1 is th� �ff�ctiv� 
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r�combination co�ffici�nt at n� = 3 × 105 cm–3 and T� = 104 K. Th� cov�ring 
factor is CF = �.�7 ��9��.

Th� unabsorb�d HBLR S�yf�rt 2 galaxi�s of th� sampl� hav� 
(Nph�/Nion)hν > 55 �V larg�r or approximat�ly �qual to � and th�y sho� an ani-
sotropy b�caus� of th�ir hidd�n c�ntral sourc�. Som� of th� unabsorb�d non-
HBLR S�yf�rt 2 galaxi�s also sho� an anisotropy, but oth�rs hav� 
(Nph�/Nion)hν > 55 �V < �, �hich is not usual for galaxi�s �ith HBLR.

�. C�NCLUS��NS

�ur sampl� of 27 n�arby unabsorb�d S�yf�rt 2 galaxi�s contains only 4 
obj�cts that hav� a HBLR. Conc�rning th� r�st of th� sampl�, th�r� is no �vi-
d�nc� for �xist�nc� of a HBLR. W� d�t�rmin�d that �2 obj�cts c�rtainly don’t 
hav� a HBLR. �t s��ms that unabsorb�d S�yf�rt 2 galaxi�s �ith HBLR poss�ss 
a hidd�n c�ntral sourc� and th�y hav� (Nph�/Nion)hν > 55 �V larg�r or approxi-
mat�ly �qual to �.

W� also found that it is possibl� for th� obj�cts �ithout HBLR to occupy 
th� ar�as b�lo� as ��ll as abov� th� boundary, ��, ��10–3, for th� Eddington ratio. Afor th� Eddington ratio. A 
possibl� r�ason is th� �xist�nc� of t�o sub-typ�s unabsorb�d galaxi�s �ithout 
HBLR: �ith lo��r black hol� mass�s and �ith mor� massiv� black hol�s in 
th�ir c�ntr�s. 
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