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SUMMARY: In this paper we analyse the influence of gravitational redshift
on the spectral line profiles of homogeneous, static and optically thin region near

massive AGN (Seyfert galaxies and quasars).

The correction function (®) that

determines the degree of spectral line profile distorsion produced by gravitational

field has been investigated.

1. INTRODUCTION

The emission line spectrum is one of the charac-

teristics of the Active Galactic Nucle1 — AGN. These
emission lines are very broadened, shifted and asym-

metrical. For example, the full width at half max-
imum (FWHM) of the Balmer lines in spectrum of
Seyfert galaxies and quasars is usually greater than

1000 km/s (see, e.g., Anderson 1971, Osterbrock &
Shuder 1982, Gorbackiy 1986). The shape of spec-

tral lines 1s determined by conditions in the emission
region. The dynamical effect 1s widely accepted as
the main cause of shift, broadening and asymmetry

of spectral line profiles (De Robertis & Show 1990).

In this paper we study the influence of gravita-
tional field on the spectral line shapes from AGN.

Based on preliminary examination (Popovié et al.
1994a) by the use of a very simple model of Ac-
tive Galactic Nuclei (see, e.g., Gorbackiy 1986) it
was shown that the influence of gravitational field
of the massive nuclei on spectral lines i1s not negli-

gible. This can be explained by the following: (1)

one part of emission region is In a strong gravita-

tional field of the massive AGN and (2) this region

1s large enough, so that the emitters are in different
gravitational fields along the line of sight. For exam-

ple, masses of Seyfert galaxies are about 107 — 10°
Mg (see, e.g., Padovani et al. 1990), and the size

of the emission region is about 10'* — 10" m (see e.

g. Bonatto & Pastoriza (1990) for the case of NGC
7469).

To focus our attention to the gravitational field
effects, in this paper we consider homogeneous, static
and optically thin region near massive nuclei. In the
analysis we use the Lorentz profile function because
the expression for the & function, that determines
the degree of spectral line profile distorsion caused
by gravitational field has a very simple analytical
form 1n this case. The analysis of more realistic case
comprising Voigt profile function as weu as an op-
tically thick medium is performed in the paper by
Popovié et al. (1994b).
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2. THEORY

The Lorentzian prcfile can be given by (see, e.g.,
Gray 1980)

WL,
AR+ ul (0

where 5(A)dA is the probability of finding the emit-

ted photon in an interval (A, A+dA), Ag is the unper-

turbed transition wavelength, wr is the broadening
parameter.

For emitters in a gravitational field the transi-
tion wavelength will be shifted by (see, e.g., Wein-

berg 1972)

S()) =

AU
A, —A():-‘/\o 02 y (2)
where )} is the shifted wavelength, c is the speed of
light, and AU 1s the difference of the gravitational
potential between the birth place of photons and the
position of the observer.
If we consider the emitter in the gravitational

field of a mass M at a distance r from the central
body, and assume the gravitational potential at the

position of the observer negligibly small, then the
relation (2) yields (Weinberg 1972)

GM
re2
where G 1s the gravitational constant.
If we take into account the gravitational shift,

than the relation (1) may be rewritten as

AB(?‘, M) = /\0 Ao

)

wy,
[A = Ap(r, M)J2 + wi (3)
For optically thin reglon of thickness D = R— R,

the intrinsic line profile is given as a sum of radiation
of all emitters along the line of sight

S(A,r,M) =

1 R
D
The solution of (4) yields (Popovié et al. 1994a)

S'(\, R, Ro, M) = S(,\,r,M)dr. (4)

S'(A\,R,Ro, M) = S(\)®(A, Ro, R, M),  (5)

where ® is the correction function that determines
the degree of spectral line distortion produced by the

gravitation field. In the case of Lorentzian profile for
® - function we obtain

k% — k3 (arctga — arctgag)

®(A,Rg, R, M) =1 :
(A, R ) + . 5 -+
kilogb

where
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T A=)+l )
R-k  Ro—k
_ 2 2

(Ro — k1) + k3
In Eqs. 7 and 8 A = Rs./2 = GM/c?, where

Rg. 18 Schwarzschild’s radius of a massive nucleus.

3. ILLUSTRATIVE RESULTS AND DISCUSSION

As an 1llustration of the influence of gravita-
tional field on spectral line shape we calculated the
®—function for different masses and the intensity va-

riation with wavelength (I(A)) normalyzed to its ma-
ximal value (142 ):

I())
Torns (1)

with the following parameters: Ky = 1014 m, R =

10'®* m. The calculation was performed for the H,
transition wavelength range.

— S’(A! RO, Rs M)a
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Fig. 1la. The variation of the correction function
(®) with the wavelength for the H, line and for dif-

ferent masses : (—) - M = 10°° kg (4 = 7.42 x 108
m), (—o—)-M =5x 10°° kg (A = 3.71 x 10° m)
and (— o =) - M =10°" kg (A = 7.42 x 10° m). A\

1s expressed in wry,.
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The variation of the ®-function with wavelength  the transition wavelength (Ag) and to the & = 1. As
for different masses is shown in Figures la. and 1b. one can see from Figures 1a. and 1b. the asymmetry
The ®-function is asymmetric with respect to both  of & - function depends on the mass of AGN.
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Fig. 1b. Same as in Fig. 1la, but for: (1) - M = 5 x 10°’ kg (A = 3.71 x 1019 m), (2) - M =1 x 10°® kg
(A=7.42%x10°m), (3)- M =2x10°° kg (A = 1.48x 10! m), and (4) - M = 3 x 108 kg (A = 2.23 x 10"

m). '
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Fig. 2. The gravitationally deformed H, line profile (full line) in comparison with the nondeformed
Lorentzian profile (dashed line). The used parameters are the same as in Figure la, but for the mass of

5 x 10°Mg. A is expressed in wy.
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These asymmetries yielded shifted, broadened
and asymmetric intrinsic spectral line profile. In
Figure 2. the gravitationally deformed spectral line

profile (full line) is compared with the nondeformed
Lorentzian one (dashed line). The spectral line 1s
shifted by about wr /3 towards the red and is broad-

ened for 18%. The blue wing of the deformed spectral
line is lower, while the red one is higher than in the
undisturbed line profile.

W (ln W )

O . 40

To examine the influence of ® — function on
spectral lines with different transition wavelengths

we calculated the full width of several fictive spec-
tral lines using the same atomic parameter wr as
that used for the H, line. In Figure 3. we show a
change of w (where w is the full width in the case
when influence of gravitational field is taken into ac-
count) in function of wavelength. For longer tran-

sition wavelength the FWHM is larger than for the
shorter one.
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TRANSITION WAVELENGTH (IN 1000 R)
Fig. 3. The variation of w with transition wavelength. (M = 5-10" Mg, R = 10!% — 10'°® m).
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Fig. 4. The shape of spectral line for different transition wavelength (o) range in comparison with the
nondeformed Lorentzian profile (dashed line). Full line presents the line profile with transition wavelength

o = 1000 A, (-x-x) with Ag = 10000 A, (+-+-) with Ao = 50000 A, and (* *) with Ao = 100000 A.
(M =5-10"Mg, R =10 - 10'®* m). A\ is expressed in wg.
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Figure 4. presents influence of the gravitation
field for different wavelength ranges. As one can see
this influence is more important for spectral lines 1n
infrared and radio than in ultraviolet range of wave-

lengths.
4. CONCLUSION

Using a simple model of the emission region (sta-

tic, optically thin) near massive AGN we showed that

the contribution of gravitational redshift i1s not neg-
ligible. The gravitational field gradient gave rise to

the shifted, broadened and asymmetrical line profiles

of AGN.
The observed profiles of H,, line of Seyfert galax-

ies showed both the red and the blue asymmetry (see,
e.g., Osterbrock and Shuder 1982).

- In a more elaborate analysis of such a behaviour
of H, line, besides the dynamics of the emission

(Krolik & Vrtilek 1984) the gravitational redshift
should be taken into account. The other effects (e.g.,

inhomogenity of the cloud, departures from the sp-
herical symmetry of galactic gravitational field, ra-
diative transfer and different broadening effects (e.g.,

Stark, Doppler, Wan der Waals) not considered here
might also have certain influence on the spectral line

shapes from AGN.
Some of these (influence of Voigt profile function

and radiative transfer effects) are alredy under the
study (Popovic et al., 1994b).
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OpueuHatHu HAyuHu pao

Y oBOM paly je aHaJM3MpaH yTMUIaj I'paBUTa- TOBUX rajlakcvja 4 Ksasapa). Mcrnurana je & — QyH-

IIMOHOI' IIPBEHOI" [TOMakKa Ha MpOQWI CIEKTpaJIHE JIU-  KUHUja Koja oapehyje cTereH yTuilaja rpaBUTallMOHOr
HHje 3@ XOMOI'eH, CTaTHYaH M OIITUIKHU TaHAaK PerMoH  IIoJka Ha OOJIMK JIMHHU|E.

y OJIM3MHM aKTHMBHUX rajlakTMIKuX jesrapa (Cejdep-
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