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SUMMARY: We present here the Akn 120 Hp line profiles from 97 spectra
observed from 1977 till 1990 at Crimean Astrophysical Observatory (Appendix 1).
The Hg line has been fitted with three broad and one narrow Gaussian throughout
the whole considered period. The central broad components of the Hz and a shelf
cause the Hg 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 Hg 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 Syl 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, Popovié 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 Hg 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 Hg line profile of Akn 120
from a set of 97 spectra observed at Crimean As-
trophysical Observatory (CrAQO) 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 Hg 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 A
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 Hg 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 A was interpolated with a se-
cond-degree polynomial and subtracted from the ob-
served spectra.

The mean spectra have been normalized to the
O IIT 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 Hg + 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
x 10715 erg em~2 s=! A~ given by Kollatschny et
al. (1981).

One has to notice that narrow O IIT lines (es-
pecially O IIT 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.
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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 Hg 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 Hg is blended with O
IIT (4959, 5007) and some other emission lines (Jack-
son and Brown 1989, Meyers and Peterson 1985, Ko-
rista 1992).

The shape of Hg 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.
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Fig. 1. The shape of Hg in all considered periods

(broken lines) and an averaged profile Hg from these
periods (full line). The arrows at the bottom indicate
the systemic redshifts of Hg, O III 4959 and O III
5007 lines.

4. THE GAUSSIAN ANALYSIS

Our approach is to decompose the Hg 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 (Popovié¢ and Mediav-
illa 1997). Namely, the three Gaussians representing
two narrow O III lines and a narrow Hg 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 Hz component are fixed
in proportion with their wavelengths as in Popovié¢
et al. (2001)

W (Hg)

W (OII1,950)

W(OIII5007)
A5007

4861 A4959

where W(Hp) is the width of Hg narrow component,
W(OII1,959) and W(OIII5007) are widths of the
two O III (4959, 5007) lines.

We obtained the best fit of the averaged Hg
wave length region with six Gaussians (Fig. 2) and
one shelf component. During the considered period,
in all groups, Hg 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
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Fig. 2. Decomposition of the averaged shape of

the Hg 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 Hg
narrow line wavelength.

Besides the four Gaussians closely connected
with Hg 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 Hg 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
Hg. 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/ 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
‘:c))hf297 spectra in Fig. 2. These are shown in Figs.

We are focused here on the broad Hz compo-
nents. However, in some groups of spectra a small
and narrow Gaussian at A ~ 50204 is visible. It has
to represent the Hz 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
Hpg 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 Hg.
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Fig. 3. The averaged Hg line from group 1, and its

decomposition The bottom dashed line represents the
Fell shelf.
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Fig. 7. The averaged Hg line from group 5, and its

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

Fig. 5. The averaged Hg line from group 3, and its
decomposition.
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Fig. 9. The averaged Hg line from group 7, and its
decomposition.

Fig. 6. The averaged Hg line from group 4, and its
decomposition.
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Fig. 10. The averaged Hg line from group 8, and

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

its decomposition.
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Fig. 12. The averaged Hg 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 Hg 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 Hg 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 (Popovié et
al. 2001). The main contribution to the wings of the
Hp 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.

Toward the observer

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 (Popovié et al. 2001).
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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.
Object HJID Date T Exp Difr. , Seeing’

14

gr. [arcsec]
2440000+ yymmdd hh:mm min

Akn00001L 3435.562 771018 28:18 12 600 <2
Akn00004 3437.530 771020  27:29 19 600 6
Akn00005 3437.544 771020  27:50 18 600 6
Akn00006 3437.558 771020 28:09 18 600 6
Akn00009 3486.465 771208 25:52 20 600 5
Akn00010 3486.482 771208 26:18 18 600 5
Akn00011l 3486.496 771208 26:37 19 600 4
Akn00015 3489.425 771211 24:5Q0 30 600 6
Akn00016 3522.407 780113 24:30 20 600 2
Akn00017 3522.421 780113 24:50 20 600 2
Akn00019 3525.380 780116 23:57 08 600 3
Akn00020 3525.389 780116 24:08 14 600 3
Akn00023 3545.292 780205 21:48 18 600 3
Akn00030 3574.221 780306 20:08 20 600 2
Akn00035 3790.583 781008 28:49 13 600 2-3
Akn00036 3790.592 781008 29:03 13 600 2-3
Akn00040 3814.525 781101 27:22 15 600 2.5
Akn00045 3816.489 781103 26:31 15 600 2.5
Akn00047 3816.512 781103 27:04 15 600 2.5
Akn00049 3816.533 781103 27:35 12 600 2.5
Akn00050 3931.271 790226 21:14 30 600 2
Akn00052 3932.245 790227  20:44 15 600 2.5
Akn00054 3932.267 790227 21:16 15 600 <2.5
Akn00056 3933.209 790228 19:53 15 600 2
Akn00058 3933.232 790228 20:26 15 600 2.5
Akn00060 3933.255 790228 20:58 15 600 2.5
Akn00061 3934.236 790301 20:30 18 600 2.5
Akn00062 3934.249 790301 20:49 18 600 2.5

Slit

[arcsec]

I el e el e e

I el e el e e

.20
.20
.20
.20
.30
.30
.30
.25
.25
.25
.25
.25
.25
.25

.85
.85
.85
.85
.85
.85
.85
.85
.85
.85
.85
.85
.85
.85

Z

45.
46.
45.
45.
47.
49.
51.
45.
53.
56.
50.
51.
37.
47.

44.

45.
45.
45.
49.
47.
49.
45.

49.
46.
48.

OO UV OoOONOUGONUTOW

O oW COwWw w

WO O

Group

R e e e T I e e e e N

NN
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Object

Akn00065
Akn00067
Akn00070
Akn0Q071
Akn00073
Akn0Q0077
Akn00080
Akn00081
Akn00082
Akn00084
Akn00087
Akn00088
Akn00089
Akn00092

Akn00094
Akn00095
Akn00098
Akn00100
Akn00LOL
Akn00104
Akn00107
Akn00108
AknOQL11L
Akn00L12
Akn0Q113
Akn0O0L16
Akn00118
Akn0Q119

Akn00122
Akn00123
Akn00125
Akn00126
Akn00128
Akn00129
Akn00131
Akn00132
Akn00134
Akn00135
Akn00137
Akn00138
Akn00140
Akn00142

HJID

2440000+

4173.
4192.
4193.
4193.
.382
4254.
4254.
.294

4222

4289

4289.
4522.
4522.
4584.
4584.
L2211

4672

4881.
4881.
4885.
4933.
4933.
4934.
4934.
4961.
4961.
4989.
4989.
4990.
.261
.272

5018
5018

5054

5410
5410
5412

566
481
507
520

356
393

306
539
571
484
494

568
578
564
436
447
435
467
399
461
310
319
373

.278
5263.
5264.
5264.
5324.
5324.
5325.
5325.
5326.
5326.
.239
.253
.267
5619.

532
538
549
434
467
468
481
400
410

560

Date

T

yymmdd hh:mm

791026
791114
791115
791115
791214
800115
800115
800219
800219
801009
801009
801210
801210
810308

811003
811003
811007
811124
811124
811125
811125
811222
811222
820119
820119
820120
820217
820217

820325
821020
821021
821021
821220
821220
821221
821221
821222
821222
830316
830316
830318
831011

28
26
26
27
23
23
24
21
22
27
28
26
26
20

28

28

22

21

21
27
27
27
25
25
25
26
122
24
20
20
21
28

24

17
18
55
14
55
18
12
54
10
46
31
22
37
11

:29
28
122
25
25
25
25
24
25
22

44

14
30
11
58
18
47
15

128
23
21
123

45
08

33
31
43
58
Q7
56
58
17

37
38
58
17
14

Exp

min

24
15
16
16
15
17
15
15
16
14
14
14
14
15

12
12
14
14
14
15
14
18
18
12
12
14
12
13

18
20
14
14
22
18
18
16
12
12
15
14
17
17

Difr.
gr.

600
600
600
600
600
600
600
600
600
600
600
600
600
600

600
600
600
600
600
600
600
600
600
600
600
600
600
600

600
600
600
600
600
600
600
600
600
600
600
600
600
600

, Seein
[arcs

!

I

I

OO W W

A

A
P NNINNNNNNDNWWWND W
. . e ]

AN A AN A
NN WNNNNNRE NN

<3
<2
<2

<2
<2
<2
<2

<2

gl
ec]

N
o1

o

Slit

[arcsec]

PR RPRRPRRRPRBRRR PR BRR PR RPRRPRRRPRBRRR PR BRR
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.90
.90
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.89
.85
.85
.85
.85
.80
.80
.90
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.85

.90
.90
.90
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.90
.90
.90
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.60
.60
.60
.50
.50

.80
.70
.70
.70
.75
.75
.75
.75
.70
.70
.75
.75
.80
.80

Z

45.
44.
45.

47.

50.

45.
45.
45.
45.
45.

45.

50.
46.
47.

45.
45.
44.
47.
50.
51.
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53.
56.
59.
45.

Group

co
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o
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Object

Akn00144
Akn00L46
Akn00147
Akn00L50
Akn00L53
Akn00154
Akn00L57
Akn00158
Akn0O0L61L
Akn00L65
Akn00166
Akn00168
Akn00169
Akn00L72

Akn00173
Akn00174
Akn00175
Akn00177
Akn00178
Akn00180
Akn00182
Akn00183
Akn00184
Akn00185
Akn00186
Akn00188
Akn00191

HJID

2440000+

5620.
5674.
5674.
5705.
5706.
5706.
5733.
5733.
5734.
5997.
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THE Hg LINE SHAPE OF Akn 120
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THE Hg LINE SHAPE OF Akn 120

OBJIUK Hg JIMHNJE KOl Axul20
H. Cranuh, JI. Y. ITonoBuh, A. Kyouuesna u E. Gon
Acmpornomcra oncepeamopuja, Boazuwa 7, 11160 Beoepad—74, Jyzocaasuja

YK 52-355.3/524.7-82
Opuzurasnu Hay¥Hy Pao

IIpencraBmeno je 96 cnekrapa Hp nuHMje y npBeHoM kpuiy Hg nmHHje nOBOoAE IO IPOM-
Koz akTuBHE rasakcuje Axku 120, mocMaTpaHux ca  eHa npoduia guauje. V3 mpoduaa ce moke 3a-
KprMcre acTpodu3nuke omcepBaToOpHje y IHEPU-  KJLYUUTH [a OH HACTAje y TPU PETMOHA Y MUPOKO-
omy ox 1977. mo 1990. (Appendix 1). Hg nunuja  JUHUjCKOj 0OJIACTU U JEAHOT y yCKOJIMHU)CKO] 00-
ce MOske PA3JIOKNUTH Ha TPU MUPOKe 1 jeqny ycky — Jactu. JluckyToBaHa je mpomeHa y OOJMKY mpo-
raycoBy ¢GYHKNU]y KO CBUX IIOCMATpaHWX crek- (uia Hpg munuje.
tapa. lleHTpasHa KOMIIOHEHTA U JUHUjE I'BOKDA
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