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SUMMARY: We present here the Akn 120 Hβ line profiles from 97 spectra
observed from 1977 till 1990 at Crimean Astrophysical Observatory (Appendix 1).
The Hβ line has been fitted with three broad and one narrow Gaussian throughout
the whole considered period. The central broad components of the Hβ and a shelf
cause the Hβ line shape variation. Three broad Gaussians may suggest the existence
of three broad line regions in the central part of the Akn 120. Long-term Hβ line
shape variations in spectra of this galaxy are discussed.

1. INTRODUCTION

Emission line profiles of Active Galactic Nu-
clei (AGNs) usually show variabilities. Investigations
of these variations could provide information about
the structure, size and kinematics of the emitting
gas in central part of these objects (see, e.g., Foltz
et al. 1983, Peterson et al. 1985, 1989, 1998, Pe-
terson and Gaskell 1991, Peterson 1993, Ernens et
al. 1995, Winge et al. 1996, etc.). According to the
standard model, the broad emission lines observed
in spectra of AGNs originate in the high-velocity gas
of the surrounding Broad Line Regions (BLR) ion-
ized by the UV and optical continuum radiation of
a compact central source. Fluctuation in the ioniz-
ing continuum causes the variations in emission line
fluxes. Also, the structure of the BLR may be inves-
tigated through the analyses of the broad emission
line profiles.

One of the Sy1 galaxies which has a large-
amplitude variability in continuum and in spectral

line shapes is the Akn 120 (Peterson et al. 1985,
1989, 1998, Peterson and Cota 1987, Korista 1992,
Winge et al. 1996, Popović et al. 2001). The galaxy
was monitored several times (see e.g. Peterson et al.
1998). These investigations show that the integrated
flux in the broad emission lines changes very rapidly
(Peterson et al. 1989, Winge et al. 1996) and that
this region is very small (Peterson et al. 1998).

The analyses of emission line shapes of the
Akn 120 have shown that Balmer lines are complex
in structure and variable (Korista 1992). The de-
composition of Hβ and other broad lines indicates a
stratification in the BLR (Korista 1992). The com-
plex and strong profile variations of broad lines of
Akn 120 indicate very dynamic processes in the emit-
ting gas.

Here we analyse the Hβ line profile of Akn 120
from a set of 97 spectra observed at Crimean As-
trophysical Observatory (CrAO) in the period from
1971 till 1990. In order to reveal the structure of the
emitting region of Akn 120 we have decomposed the
broad Hβ line into several gausian components.
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Table 1. Temporal-distribution and number of the observed spectra (in Heliocentric Julian Days – HJD.)

group 1 2 3 4 5 6 7 8 9 10

from HJD 3435 3790 4173 4522 4881 5263 5619 5997 6853 7832
2440000 +
till HJD 3574 3934 4289 4672 5054 5412 5734 6088 7124 7944

2440000 +
mean HJD 3494 3879 4229 4577 4958 5331 5695 6058 7014 7888
2440000 +
numbers of 14 14 9 5 15 12 11 6 6 4

spectra

2. THE OBSERVATIONS AND PROCEDU-
RE OF REDUCTION

The present observational material contains
97 spectra in the wavelength interval 4500-5300 Å
obtained by K. K. Chuvaev on 2.6 m Shain telescope
at CrAO during the period 1977-1990 (from HJD
2443435 till 2447944).

All spectra were scanned on two-coordinate
CrAO microphotometer. The further treatment, in-
cluding all instrumental and sky background correc-
tions were carried out at CrAO too (Doroshenko et
al. 1999). The wavelength and flux calibration were
made using the SPE data reduction package devel-
oped by S. G. Sergeev. The wavelength calibration
was based on the night sky lines and narrow emis-
sion lines of the galaxy. The redshift of Akn 120 is
accepted equal to z=0.03248 (Foltz et al. 1983).

All the 97 Hβ spectra are shown in Appendix
I. Table 2 presents their main observational data.

Taking into account the temporal distribution
of the observations (big seasonal gaps) the spectra
have been divided into 10 groups, Table 1.

The spectra within groups have been aver-
aged. In the mean spectra noises and some short-
term variations are to some extent suppressed and
possible long-lasting-features better expressed. The
local continuum in four narrow zones around 4500,
4900, 5270 and 5630 Å was interpolated with a se-
cond-degree polynomial and subtracted from the ob-
served spectra.

The mean spectra have been normalized to the
O III 5007 narrow emission line flux spectral density.
It was found as the height of the emission line peak
above a straight line connecting the two bottoms of
the O III 5007 emission line wings (supposedly above
the common Hβ + Fe II shelf profile). Hereafter this
photometric quantity is simply refered to as relative
intensity. To the relative unit defined in this way, an
absolute measure might correspond: for example, 7
× 10−15 erg cm−2 s−1 Å−1 given by Kollatschny et
al. (1981).

One has to notice that narrow O III lines (es-
pecially O III 4959) are unusually weak in Akn 120,
hence the present flux calibration based on O III line
is less reliable than it normally would be.

3. THE SHAPE OF BROAD LINES

In Fig. 1. we present all ten considered pro-
files and an averaged profile obtained from these con-
sidered profiles.

The broad Hβ line has two peaks shifted blue-
ward and redward from the line center defined by
narrow emission lines. The peak are more or less
clearly resolved. Besides, the Hβ is blended with O
III (4959, 5007) and some other emission lines (Jack-
son and Brown 1989, Meyers and Peterson 1985, Ko-
rista 1992).

The shape of Hβ shows very strong variation
(Fig. 1), especially in central part of the line. Here
one should notice three parts: shoulder in the blue
part of profile, a blue and a red peak. The stronger
variation is noted in the red peak.

Fig. 1. The shape of Hβ in all considered periods
(broken lines) and an averaged profile Hβ from these
periods (full line). The arrows at the bottom indicate
the systemic redshifts of Hβ, O III 4959 and O III
5007 lines.

4. THE GAUSSIAN ANALYSIS

Our approach is to decompose the Hβ spec-
tral line profile into a minimum number of Gaussians
which would convincingly fit the observed profile.
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Then, there might be some justification in a physical
interpretation of the obtained Gaussian components.

In order to decrease the number of free pa-
rameters, some relations among the fitting Gaussians
have been established a priori (Popović and Mediav-
illa 1997). Namely, the three Gaussians representing
two narrow O III lines and a narrow Hβ component
are preconditioned to have the same systemic red-
shift, z=0.03248 (Foltz et al. 1983), and the inten-
sity ratio of the two O III lines has been supposed
to be 1 : 3.03. Also, the ratio of the full widths of
these two lines and narrow Hβ component are fixed
in proportion with their wavelengths as in Popović
et al. (2001)

W (Hβ)
λ4861

=
W (OIII4959)

λ4959
=

W (OIII5007)
λ5007

,

where W(Hβ) is the width of Hβ narrow component,
W(OIII4959) and W(OIII5007) are widths of the
two O III (4959, 5007) lines.

We obtained the best fit of the averaged Hβ

wave length region with six Gaussians (Fig. 2) and
one shelf component. During the considered period,
in all groups, Hβ can be resolved into four compo-
nents. Three of them are broad and similar to one in
the case of the averaged profile: the broadest Gaus-
sian covers the other two broad ones which are dis-
placed

Fig. 2. Decomposition of the averaged shape of
the Hβ line. The observed profile is delineated by the
dashed lines and the best fit is shown as the full line.

toward the blue and red side from the central Hβ

narrow line wavelength.
Besides the four Gaussians closely connected

with Hβ and the two corresponding O III lines, a
wide multipeaked structure (the shelf) can be no-
ticed at the bottom (Fig. 2). The origin of the red
shelf in Akn 120 and Hβ lines in other AGNs has
been discussed in several papers (Foltz et al. 1983,
Mayers and Peterson 1985, Stirpe et al. 1989, van
Groningen and de Bruyn 1989, Korista 1992). The
investigations show that two lines from Fe II, mul-
tiplet 42, cannot explain the red shelf and common
solution is to assume the existence of broad O III

lines. Kollatschny et al. (1981) investigated the com-
bined UV and optical spectra of Akn 120 and they
noticed that UV and optical Fe II emission is very
strong. Moreover they found that Akn 120 shows
unusually strong Fe II emission in the UV spectra.
On the other hand calculations performed by Joly
(1988) indicate that multiplets 25 and 36 of Fe II
may have large contribution in the red wing of the
Hβ . That was our reason to accept the red shelf
Fe II template which has been proposed by Korista
(1992). We have supposed that the red shelf is com-
posed of nine Fe II lines belonging to the multiplets
25, 36 and 42. We took the relative strenght of these
lines from Korista (1992) and we supposed that all
of the lines originated in the same conditions (in the
same region), meaning that all of them should have
the same W/λ and shift.

5. RESULTS AND CONCLUSION

The spectra in each of the ten groups from
Table I were averaged and decomposed in the same
way as it was done with the averaged profile of all
the 97 spectra in Fig. 2. These are shown in Figs.
3-12.

We are focused here on the broad Hβ compo-
nents. However, in some groups of spectra a small
and narrow Gaussian at λ ≈ 5020Å is visible. It has
to represent the Hβ narrow emission spectral line of
Akn 120 which has been found to amount to only
eigth percent of the O III 5007 line flux (Korista
1992). In Figs. 3-12, the height of the narrow Gaus-
sian runs from zero (groups 4,5,6 and 8) to the max-
imum value of about 0.4 (group 10). As this com-
ponent should be detectable in all of our cases, we
estimate the present observational errors to amount
to about 0.1-0.2 in relative intensity units.

Figs. 3-12 show that the complex shape of the
Hβ line of Akn 120 can be decomposed into four com-
ponents, where three of them are broad. Also, one
red shelf composed of nine Fe II lines from multiplets
25, 36 and 42 is present in the red wing of the Hβ .

Fig. 3. The averaged Hβ line from group 1, and its
decomposition The bottom dashed line represents the
FeII shelf.
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Fig. 4. The averaged Hβ line from group 2, and its
decomposition.

Fig. 5. The averaged Hβ line from group 3, and its
decomposition.

Fig. 6. The averaged Hβ line from group 4, and its
decomposition.

Fig. 7. The averaged Hβ line from group 5, and its
decomposition.

Fig. 8. The averaged Hβ line from group 6, and its
decomposition.

Fig. 9. The averaged Hβ line from group 7, and its
decomposition.
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Fig. 10. The averaged Hβ line from group 8, and
its decomposition.

Fig. 11. The averaged Hβ line from group 9, and
its decomposition.

Fig. 12. The averaged Hβ line from group 10, and
its decomposition.

The broadest component has Full With at Half
maximum w ≈ 6000km/s, whereas the other two
broad components have 3000km/s (component shif-
ted toward blue) and 1000km/s (component shifted
toward red).

The shape of Akn 120 indicates that we have
one very broad line-emitting region and two regions
of emitting gas where the systematic emitting gas
motions are present. It seems that one of the last two
regions has high random velocity of emitters (W ≈
3000 km/s) approaching line-of-sight velocities, and
the other has smaller random velocity of emitters
(about 1000km/s) with receding line-of-sight veloci-
ties.

The presence of the three broad Gaussians and
their relations in Hβ line may indicate the existence
of two broad line regions in Akn 120 as it was, in
general, suggested by Gaskell (1999).

In particular, we suggest a model, Fig. 13,
where the central peaks of Hβ emission line profile
originate in BLR clouds distributed within a bicon-
ical region, BLR1+BLR2, coaxial with the axis of
the overall AGN’s cylindrical structure (Popović et
al. 2001). The main contribution to the wings of the
Hβ line may come from an emitting ring within the
accretion disk or from an elipsodial or disk-like re-
gion, BLR3, surrounding the AGN’s central engine.

Further development of the idea might be ba-
sed on the replacement of the broadest Gaussian by
a disk-hypothesis profile, and the other two broad
Gaussians by a profile obtained by assuming a bi-
conical BLR structure.

Fig. 13. Possible location of the two-component
BLR in Akn 120. The first component includes two
axial subregions, BLR1 and BLR2. The second com-
ponent, BLR3, may comprise a central part of the ac-
cretion disk or an oval volume surrounding the very
centre of the AGN (Popović et al. 2001).
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APPENDIX I

ATLAS OF 97 SPECTRA OF Akn 120
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Table 2. Observational parameters of the Akn spectra

The columns contain:
Object – The file names identifying tab individual spectra,
HJD – Heliocentric Julian date of the observation,
Date – The date of observation,
T – UT of the beginning of the exposure,
Exp – Duration of the exposure,
Difr. gr. – Number of grooves per mm on the applied diffractional grating,
Seeing – Seeing quality,
Slit – The width of the spectrograph entrance slit,
z – Zenith distance of the observed object,
Group – Belonging of the spectrum to one of 10 groups of spectra in Table 1.
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32



THE Hβ LINE SHAPE OF Akn 120

OBLIK Hβ LINIJE KOD Akn120

N. Stani�, L. Q. Popovi�, A. Kubiqela i E. Bon

Astronomska opservatorija, Volgina 7, 11160 Beograd–74, Jugoslavija

UDK 52–355.3/524.7–82
Originalni nauqni rad

Predstavǉeno je 96 spektara Hβ linije
kod aktivne galaksije Akn 120, posmatranih sa
Krimske astrofiziqke opservatorije u peri-
odu od 1977. do 1990. (Appendix 1). Hβ linija
se mo�e razlo�iti na tri xiroke i jednu usku
gausovu funkciju kod svih posmatranih spek-
tara. Centralna komponenta i linije gvo��a

u crvenom krilu Hβ linije dovode do prom-
ena profila linije. Iz profila se mo�e za-
kǉuqiti da on nastaje u tri regiona u xiroko-
linijskoj oblasti i jednog u uskolinijskoj ob-
lasti. Diskutovana je promena u obliku pro-
fila Hβ linije.
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