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Gas accretion in black holes as an enerﬁy soyrce
in the nuclels of actlve extlagalacﬁc ObJECfS

'G. Petrov, K. Velic'}ikoi;(r

- On the basis of Aldrovand: s model and Othel sourccs {NDavidso n, 1972;. S hie ] d and
Dke, 1975, Pacheco and Stainer, 1976; Netzerand Davidson, 1979) we'
analfyzed the spectra of 95 active objecls — both Snyfcr_t galaxies and-X.ray objects. The accre-

* tion rate of the gas and the mass of the black hole were .determined .using tonized  helium’s

Crelative inmtensity and hydrozeh lines™ lumirosity and accretiop rive, respectively, The results
afe presented in Table 1. For 47 of the objects listed thereiti {about '?U percent) the UV emis-

- sion of the accretion disk around the massive black hole in the object’s nucleus is the proba-
ble jonization source; these objects are listed separately i Table 2 together ‘with the -bilack

" hole's mass in 139 Mg units, and the accretion rate in M@ per year umta Seme of the cbjects
listed in Table 2 are known X-ray sources. As seen in Figure |, one and the same relation is

. fited with a rather high correlation: coeff:cu:nt Both facts are subsquarv mdm.atlons in_fa-
vour of the estimations made, S

Kev words: galaxics'. “Séj'fé'rt'.' black 'hoJ'eS.i',' a'ccrétio'nz disk.
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I. Infroduction

Aldrovandi(1981) has shown that the UV continuum, caused by the accre-
tion disk arcund massive black holes, is a probable 1onization source in emission

lines® regions of active cxtragalactic objects. Offering an explanation for the com-
mon spectral characteristics of objects of different class, as related to one and the
same sourcg, this model aroused interest.

Davidson (I9/7!, and Shieldsand Oke (19.“5) proved that the emis-
sion lines.in the spectra of guasars and Seyvfert galaxies are caused by the photoio-
nizatton, induced by ultraviolet radicoion, generally an extrapolation of the power
law spectra, Netzerand Davigson {1979 presumed that such a continuous
spectrum could be entailed by an accretton disk around the black hole. Pacheco
and Stainecr{[976) studied the thin disk, where all gas parucles rotate on Kep-
lerian oroits, with ph"%:ml conditions preserving the homogeneity of the perpen-
dicular disk, They proxe; that for a given au“r,tion rate M, luminosity m the lhines
MLy, is proportivant to the'mass ~qm re of ihe black ln} M (\i\ s the mass

in L _\ units), On the other hand the relative intensity of U lings of the ionired
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helium Zugges fi1, is proportional to the numbu of photons of encrgy Ex 54,4 eV,

and E3=13,6 eV. The latter values are directly dependent on }.l—--M/Mg.

(n the ground of these restrictions, Aldrovand: put forward a method-of
black hole’s mass estimation and aceretion rate determination, using as basic para-
meters huninosity in the HB-LHB lines and the relative intensity of ionized helium
Iines L ,ﬂ’f;{r Aldrovandi’s model sets an additional resfriction — emission gas
in the Lyman contingum is supposed 1o be optically thick.

2. Estimation of the black hole’s accretion rate and mass

The methed under discussion was used for the spectral analysis of 98 Seyfert palax-
‘izs. The data for about 70 per cent of all objects were taken from other papers pre-
sented by Petrov (1980)and Velichk ova (1986). All data were reduced to
H==75 km/s.Mpc, where A is Hubble’s constant. The observed flux and line inten-
- sity swere corrected for the reddening and for galactic absorption. Luminosity in.
the Hp linc is expressed by the equation:

0 | Lity=19074.10 23 (1 +Z) Fiy, [erg/s].

For all objects the redshift ts taken from the P all um b o et al. catalogue (1983)
For convenience Aldrovandi’s nomograms were appropriately reduced.

The analysis of the spectrophotometrical data covered two stages:

- a} determination of the accretion rate of the gas in the b]ack hole using the

retative intensity of ionized helium lines;

b) determination of the mass of the black hole by hydrogen lines’ luminosity
and accrection rate.

The results are presented in Table L.

So far, a number of researchers have estimated the extreme values of black
“hole mass and accretion rate, explaining the spectral characteristics of emission
gas in .active objects.

R e e s (1977) suggested that the Doppler widths of emission lines are the re-
sult of the gravitational contraction and that Iuminesity in the lines is lower than
or equal to that of the absolute black body of temperature T=2.10'K. He estima-
ted that Mp=0,1.

To provide an explanation for tvplcal fuminosity range of Seyfert galaxies
and quasars (L=10"=10% erg/s}, McCray (1977) obtained the value
0,01 £ M, <], when gravitation cxceeds the Iuminosity pressure of the emission gas.
The latter condition must be fulfilled in order to have any accretion at all.

Studying different types of active cbjects — Seyfert and radiogalaxies and
fuasars, Aldrovandi (198]1) extended the mass range of black holes to 0.1
<M, <45 50 2s to include even brightest quasars. For the same purpose he esti-
mated accrelion rate of galaxies -~ 0.1 <M <8, and of quasars — 15 M < 1000,

For 47 objects listed in Table 1, for which these conditions are fulfiiled. the
accretion disk around the black hole is indicated as a probable tonization source.
These objects are listed s’*pamte v in Table 2, together with other data — the hlack
hole's mass, reduced to 10%Mg units, and the aceretion rate in M per vear untts.

The values for Mrk 79 are the average of three estimations, and these for
NGC 43507, 7469 and IT Zw 40 — the average of two, The question mark (?) after
some ohj\,ds stands for higher accretion rate, typical for quasars.

Figure | gives the reluiion Hd\;‘w;’ ceretion rate. A era marks all ohjocts
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Table 1

Application of Aldvovandils mode;’ 1o the active exlmgafamc nhc!ez

Object 4?_{8: l le LHB (M B) 1&'“’31 M§ |Rcﬁ:mnces
I f 2| 3| 4. | 5 | 6.
Mrk 1 0,30 51,48 10,60 ' (0,0008 1
3 6,18 52,19 52 0008 i
5 0,006 49,8% 0,3 {9,004 2,
6 0,15 5345 4,8 0,12 3
10 0,44 53,31 20,0 0,05 25
34 0,28 52,60 9.5 (3,008 !
36 0,19 49,76 Q4G 0,0002 2
42 0,11 S200 - 3,16 0,008 4
78 - 0,35 2,16 12,6 0,0022 1
7% 0012 $3.00 0,48 1.0 5
79 0.25 53,00 8.7 (0,04 3
79 0,14 53,76 3,0 07 25
119 0,20 53,75 - 6,1 0,4 25
176 0,43 51,36 19,1 (0002 1
198 0,075 5143 . 2.3 £,0006 1
268 0.78 52,00 2,24 0,018 18
270 0,22 58,86 © 63 0,0001 1
273 0,33 51,61 61 7 0,0007 1
279 0,16 51,76 - 0:004 30
304 - 015 54,53 50 2.5 25
335 6,33 5392 100 6,3 25
348 0,22 51,41 ;8 0,0007 o
Mk 352 0,44 53,02 206 00t 25
Mrk 59 0,19 51,64 . 56 - 0.002 g
450 - 0,015 53,54 0,56 4,0 6
4583E 0,12 52,75 3.3t 0,035 7
463W 0,17 51,28 513 0,035 7
493 0,24 52,28 7.5% 0,006 4
506 0,21 52,56 . 6,31 0,01 3
509 - 0,29 54,62 7.94 1,7 25
533 0,32 52,41 11,2~ 0.035 T
573 - 036 51,85 _14.1_\ . 0,001 i
573 .- 0,38 51,15 14,8 ° 0,600t S
€00 0.05 53,29 1,51 0,64 &
612 0,29 5537 10,0 6,6 7
622 0,20 51,058 5,01 0,0005 T
744 0,16 54.36 4,79 1,37 3
766 0,12 52,09 3,39 0,064 .
783 8,064 53,08 20 0,24 4
833 0,042 52,20 1,26 0,06, 7
1066 0,13 51,73 372 0.0038 10
1066 0,08 51,56 2,40 00048 i
1128 0.20 50,93 6,03 0,003 4
1138 0,11 52,59 316 0,042 7
Mrk 1239 0.16 52,45 4.68 0,014 4
NGC 1068 0,41 51,81 16,2 0,0008 i
1385 0,46 51,18 70,9 04,0002 12
21D 0,082 50,92 1,78 0,001 13
2592 0.167 51,19 5,01 0.0007 13
NGC KISE3 042 51,77 10,6 0,000R 12
NGC 3227 0,23 51.08 6,61 0,006 3
1783 n38 52.61 14.1 0,007 14
4388 0,10 5137 6,03 0,0007 15
4507 0,104 52,57 2,88 0,042 5
A3GT 0,16 52,57 4,79 0,02 12
5005 0.174 49,07 5,25 0,0001 7
5033 00,60 51,22 33,1 0,0001 13



Table 1 {continued) _ . &3

1 g ) 3 4 5 &
5506 0,177 50,99 5,25 0,004 13
5548 0.26 52,85 7,94 0,026 3
5643 0,52 51,62 26,9 0,0004 12
5728 0,29 sz,z? 10,0 0,006 12
6764 0,062 51,2 1,78 0,003 i
6390 0,38 50,90 15,1 0,001 12
7213 0,043 51,69 ' 2.63 0,01 16
7469 . 0,14 52,88 417 0,067 3
7469 0,25 ' 531,62 . 7,94 1,7 25
NGO : 7714 0017 52,16 - 0,60 0,1 ‘ 2
1C 3258 0,04 : 54,02 1,20 48 22
. - 3453 0,10 53,50 3,02 0,46 .22
1C 5063 0,13 52,54 3,35 0,038 12
Akn 120 0,03 54 08 0,91 6,86 " 18
160 0,095 50,54 3,16 0,0001 7
Akn 347 0,33 54,58 iz0 0,85 7
¥az 26 0,044 52,17 1,32 . 0,05 7
M : 82 0,015 49,16 G,56 0,0001. . . 13
Pictar A 0,165 52,46 501 0,001 19
1 Zw 18 0,03 52,60 0,53 0.20 6
- ©18 0,018 49,95 0,63 0,006: 2
: \ 92 0,15 _ 5~,79 4.47 0,05 7
11 Zw 40 - 0O 017 53,36 0.50 3,00 20
' : 40 0,017 50,26 0,60 0,00008 2
40 0,03 53,36 0,93 0,96 6
. 136 - 0,14 54,71 1,16 6,5 25
11 Zw 2 0,07 53,52 1,58 0,8 25
: . 55 0.20 51,24 6,03 0,0008 1
VIT Zw 403 0,011 50,28 0.50 0,001 21
c 99 0,44 52,23 20,0 0.002 23
. 184.1 - Q27 - 5151 851 0.0083 1
219 0,055 52,23 1,58 0,048 23
223 0.28 51.80 891 . 0,002 23
. 2231 0,54 51,90 27,5 0.0008 23
ic 452 0.06 51,53 70,8 0,0001 1
ALY 39.72 0,34 51,29 12,0 0,0004 23
PHL 2638 0,026 50,20 0,85 - 0,0007 2
UM N 16 0,375 52,03 144 . 0,0002 7
71 012 51,37 3,31 ooo" P
UM 213 0,05 51,94 1,51 0,025 2
DDO 64 0,02 52,95 0,74 D74 6
MCG © 6-30-15 0,35 . 51,53 2,40 0,0008 7
MCG 8-11-11 0,16 52,59 4,79 0.027 3
A 122812 0,043 52,7 12,6 0,13 6
A 2228-00 0,008 51,84 0.33 1 6
X 0459 1-034 0055 52,39 1,58 0,065 24
X 04594034 tot 0.23 52,39 7,59 0,008 24
Tol 0169-383 0,25 51,15 7.94 0,00(03 17
PKS 1718-649 0,094 52,04 2,88 0,01 19
MR 225117815 0,013 54,23 0,50 23,91 . 19

L”B in photon/s
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Ap. I, 176, 75.14) Vialefond&Thuan. 1983, Ap. J., 269, 444. 1) Peimbert et al. 1978,
224, 5]5 ]G}IIIIDCHI\D&HaIDEI‘H 1984, Ap. J, 283 458. 17y Fosbury&Sanson.
983 MINRAS, 204, 1231, !E)Osterbrock&MiHer 1975, Ap. 3,197, 535, 1 Filipenko,
ALY, 1985 Ap. T, 289, 475, 200 Kunth&Sargent 1983 Ap. J., 2;3 81, 21)Tayler, R, L.
197, High. l’lAQtFUH 2 248 2 Kinman& Davidson. 1981, Ap] 243,127.23)Cohen &
Osterbrock. 1981 Ap. 1., 243, B1. 24}Cb1go et al. 1982, A. ). 87, 1438 75]Petrov G.T.
1980 Dissertation, Yerevan. .. . _. ;

a) for ‘objects listed in Table 2, 'with a p;dssib{e black hole in "[he-hudeus;;.
(2) g My=0,48 Ig M—0, 35 R=0,86..

~ Note the high correlation co_eft:cu:nt in this case. For all objmts studied b} Aldro—
vandi he obtained the relation:

1o M, ==0,54 Ig M—0,46;

-1 - L ! 2

Fig. 1. “Mass of the black hole — accretion rate” ratio

1 —lg My=0051g M—1,36; 2—Ig Ms=0451lg M~—056 3 — g Mg=0,43 M—0,38;
@ — all galaxies; X — objects mcludui in Table 2 _ A B o o

b) for all objects fisted in Tabie i the relation 1s:

(3) lg M,=045Ig M—0,56, R=0,81;
¢) for objects listed in Table 1 but not listed in Tuble 2 the relation is:

() " la My—=0,05 g M—1,36, R==0,08.

Itis interesting to note here that without taking into cansideration Aldrov andi’s
restrictions.. one and the same relation is satisfied with a fairly high correlation
coelTicient for all objccts. This comes to corroborate the hypothesis of the common
otigin of ionization sources in the nuclel of active objects. Should we consider,
though, only the objccts, listed under ¢}, we are faced with an obvious absence of

ary interrelation batween My and M, and this Is at variance with the above basic



Cfable 2

Mass of the Black hole and aceretion rate for 47 active objects

Object M M l Objeet Ms | M ” Objest Mg | M
' I
Mtk 6 0,38 091 Mk 744 130 135 Akn 120 2,60 9,90
1o 0,22 4,60 766 025 0,34 347 092 1627
34 0,09 6,12 783 049 076 Kaz’ 26 022 0,10
79 0,68 1,60 833 025 002 IZw . 92 022  §35
110 0,63 3,50 - 1S 020 021 IlZw 40 130 1,90
304 160 19,57 Mrk 1239 012 010 I Zw 136 250 32,17
335 0,55 470  NGC 3783 008 016 II Zw 2 090 500
352 0,10 03t 4507 0,17 © 0,07 MR 2251—158 49 19,07
374 1,62 4,70 5548 0,16 033 3C 99 . 021 1,49
450 2,00 3,60 7213 017 0,12 184,1 © 0,09 01
4635 0,23 0,29 7469 0,36 1,30 3C 219 . 022 0,12
463W 0,19 025  NGC 774 032 010 MCG 8-l1-11 016 0,21
506 0,00 010 IC 3258 220 910 A 122812 036 2,6)
509 1,30 2§,1? 3453 0,68 2,20 A 2228:60 1,00 0,52
600 0,80 1,50 - IC 5063 020 021 X 04594034 0,26 . 0,16
Mrk 612 2,60 1057 DDO 64 086 087

~ Jata for Mrk 79 are average of three observations and for NGC 450"}" 7469 and Il Zw 40 —of
two pbservations. The ob}ects in which the accretion rate is typical for quasars are marked by an “?7,

Accordmg to the apphed Aldmvandi § criteria, the: ObJECtS under lnvestzga-
tion-are subdivided into two groups: objects with a black hole 1n the nucleus, and
objects for which such a hole is hardly probable. On the other hand, relation (3)
is mndicative of the possible common nature of the ionization source. This hypo-
thesis was checked using Wilcockson's criterion at reliability a=0,01 and a=0,05.
. The two groups were compared in respect to two parameters, namely luminosity
1o the Hp—Lyg line, and to  figsg pe1:/fu;, the second parameter used by us.

- -With respect t¢ both parameters the two groups do not belong to one and the same
sample,

3. Conclusions

Using Aldrovandi’s model for the analysis of the spectra of 88 active objects, we
rcached the following conclusions:

: a) in about 50 per cent of all objects the ionization source may be the UV emis-
- sion of the accretion disk around the massive black hole in the object’s nucleus:
_ b) subsidiary indications, favouring the estimations made, are (1) some of the
pbjects listed in Table 2 — Akn 120, Mrk 309, MCG 8-11-11, etc. are already known
XR-emission sources; (2) the high correlation coeffictent of black hole mass and
accretion rate, as shown by Pacheco and Stainer. :
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