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SUMMARY: In a previous work (Paper I of this series) we analysed the influence

of gravitational redshift on the line profiles formed ir a homogeneous, static and
- optically thin region near massive AGN, assuming Lorentz profile function. In this

paper we analyze the influence when the radiative transfer effects are taken into
account. Assuming Voigt profile function for H [ line the importance of this effect
1s illustrated through several examples of different optical thickness of the emission
region situated at various distances from the massive nucleus.

1. INTRODUCTION

- Theeffect of gravitational redshift on the spec-
tral line profiles of AGN has been investigated in the

papers (Popovi¢ et al. 1994abc). It was found that

the gravitational field of the massive nuclei gives rise
to the line shift and asymmetry.

In the previously published paper (Popovié et
al. 1994b), henceforth referred to as Paper I, in order

to derive the first conclusions about the importance
of this effect we considered an oversimplified case of
an optically thin emission region. Since the optical
thickness in most observed lines formed in the broad
line region (BLR) is much larger than unity (e.g.,
- for Hp is of the order of 10° — 10* (Kwan & Krolik

1979, Collin-Souffrin et al. 1981)), in this paper we
shall consider a more realistic case when the radiative
transfer effects are taken into account.

_ In order to demonstrate the conditions under
which this eflect can be important we consider the

emission regions of different thickness, at various ais-
tances from the massive nuclel.

2. THEORY

Here we shall analyze the behaviour of spesz-
tral lines formed in a strong gravitational fieid of a
static and opticaily thick region near massive galac-
tic nuclel. A simple model of a line formed by two-
level atoms in a finite slab of prescribed and constant
temperature and density is assumed.

Under these assumptions the specific intensity
I(z, u, 7) of the line radiation field is described by the

time independent radiative transfer equation for a
planar and static medium with no background opac-

ity (Mihalas 1978):

dI(z,p, 1) : .
l-‘““%fi"; = @(z,7)[I(z,p,7) = S(7)] . (1)
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Assuming complete redistribution the line so-
urce function is given by the well-known expression:

o0 1
S(T) =€B+(1---e:)'-;—'/_‘:,0 da:go(z,r)/_ldpl(z,p,r) .
(2)

In the above equations, u (= cosf) is the co-
sine of the angle # from the outward normal, z =

(A=Xo)/wp is the wavelength displacement from the

line center expressed in Doppler width (wp) units, 7

— optical depth, € — the destruction probability per
scattering for the photons and B - the Planck func-

tion. ¢(z, 7) is the Voigt normalized profile function,
given by:

a [T eV’
o=z |, aremo ©

where a = wz /wp, wr is the Lorentzian half-width.

Integration is performed over y = -'%-3-.

Here, depth dependence of the profile function
¢(z,7) means a depth variation of z:

, z'(r) = z - (1),
due to the gravitational redshift introduced via pa-
rameter E('r%. o |
As already given in Paper I (Eq. (2)), the
gravitational redshift of the transition wavelength is
expressed by:

“where G is the gravitational constant, c is the speed
of light and r is the radial distance from the nucleus

of mass M.
~ Parameter § (r) as a dimensionless form of the

above expression is given by:

As the optical depth 7 in radial direction from
the outer boundary R to r 1s given by

T=-—/ kdr .
R

and the mean line absorption coefficient per unit
length k is taken as given and constant 1n a con-

stant property medium, parameter £(7) in the opti-
cal depth scale has the following form:

M GM &k
£(T)=E%_chR—r ' (4)

3. RESULTS AND DISSCUSION

Egs. (1)-(4) are solved for the Hg line and the

region of total optical thickness T' = k(R — Ro) (Ro
and R are the inner and outer boundaries, respec-
tively) with no radiation incident on the boundaries
using new Implicit Integral Method of Simonneau

and Crivellari (1983).

Computations are performed for the emission
region of constant temperature (10* K) and density

n. = ng = 10° cm~3 surrounding the central mass

M = 108Mg. We suppose that the absorber’s den-
sity is also constant throughout the region and equal

to 3-10% cm ~3. The computations are carried out
with the Voigt parameter a = 10~ and the non-LTE

parameter € = 10~°.

In Figure 1 we present the emergent intensi-
ties as a function of z for two directions u. In Figs.

1(a)-(c) the outer boundary of the emission region 1s
placed at R = 5,10,50 Schwarzschild radii (Rsecn),
respectively, whereas the inner boundary is taken
to be the same (Rg = 3Rgs.n) for the three cases.
Hence, the total optical thickness of the regions is
T = 103,3.4-10% and 2.2 - 10%, respectively. Figure
1(d) represents the case where the boundary nearest

the observer is at the same distance as in the case
1(c) but the region is optically thinner.

Comparing the cases of no gravitational field
influence (dashed lines) with those where the influ-

ence is taken intc account (solid lines) one can see
that the redshift and the asymmetry decrease with
receding from the nucleus. Although the outer bou-
ndary of the layer in Fig 1{c) is far from the nucleus,
due to the emergent photons strongly influenced by
the gravitational field deep in the extended region
with large g-gradient, the asymmetry 1s still present.
If the thickness of the region is smaller and the whole
region is situated far from the nucleus only small red-
shift and no asymmetry is visible (Figure 1(d)). At
the same time the last figure illustrates the limits of
the visibility of the considered effect.

The line source function as a function of op-
tical depth () is given for the four cases in Figure

2. The effect of total optical thickness of the region
on the source function 1s the most pronounced one:

source function increases with increase in the total
optical depth. The discrepancy between the source

functions obtained when the gravitational field influ-
ence is taken into account (solid curves) or when it
is not (dashed ones) becomes smaller as the emission
region is farther from the nucleus. In case (d) the
two curves completely overlap.
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Fig. 1. The emergent intensities from the regions of different optical thicknesses placed at various distances:

(l1a) Ry = 3Rscn, R = dRsen; (1b) Rg = 3Rscn, B = 10Rgen; (1C) Ro = 3Rs.n, R = 50Rsch; (1d)
"Ro = 43Rs.1, R = 50Rg.h, for e =107°, a = 10~¢, B =1 and for two directions pu.
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Fig. 2. Source functions corresponding to the four cases 1n Figure 1.

Briefly, the effect of the gravitational redshift
is visible on the radiation emerging from an optically
thick slab only if the region of %ine formation 1s very
~ close to the massive nucleli where the gravitational
field as well as its gradient are very strong.
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YOK §2—-355.3;524.7-7
Opuz2uH@aHU HAYYHU pao

Y npenxomHoM pany (Paper 1) aHanusupaH je  4eMy cy yKJbBydeHHM e(eKTH IpeHoca 3paicwa. Ilper-
yTHIIAj FPaBUTAIMOHOT IPBEHOr TIOMaKa Ha npoduiie  IOCTaBJbajyhu na je ®ojroB npoduit Hp IMHM je 3HATA)

CIIEKTpAJIHUX JIMHUJa (QOPMHPAHHUX Y XOMOI'CHOM, oBOoT' e()eKTa je MIIYCTPOBAH Ha HEKOJIMKO ITpHMMEpa 3a
CTATUYHOM M ONTHIKM TAHKOM PETHOHY OJIM3y Ma-  Pas3IMiUTe ONTUIKE NyOMHE €MMCHOHOI pErHoHa Ha
cuBHor AGN moO mnpeTriocTaBkoM na je npoduin Jlo-  pasiIHIUTUM pacTojarbiMa OX MAaCHBHOI' JE3rpa.

PEHILOB. Y OBOM pafy je MCIIMTHBaH OBaj yTHILA) NpH



