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SUMMARY: At the beginning of 2013, we have a team of scientists at the
Astronomical Observatory of Belgrade, focusing on observations and research of

blazars.

At the same time, we established a cooperation with the Astronomical

Observatory of Torino (Osservatorio Astrofisico di Torino), center for the Whole

Earth Blazar Telescope (WEBT) international collaboration.

In this paper, we

describe the WEBT project, present our equipment as well as some preliminary
results. We also point to some issues that we have encountered during the one year
experience and found important from the observational point of view.
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1. INTRODUCTION

It is now widely accepted that blazars are sub-
class of galaxies with active galactic nuclei (AGN)
having a relativistic jet closely pointing towards us.
In the center of the host galaxy, there is a super-
massive black hole which accretes the surrounding
material and forms an accretion disc and a relativis-
tic jet. Immense energy is released through the jet
which makes possible to observe blazars at very large
distances from us. Unlike normal galaxies, blazars
are dominated by the non-thermal emission and they
show high-amplitude flux variation at all frequencies
from radio to high energy gamma-ray and on differ-
ent time-scales from hours to years. Even 50 years
after the discovery of the first quasar (Schmidt 1963),
a huge effort is made to understand these mysterious
object in the Universe. With that goal, a large in-
ternational projects and multi-wavelength observing
campaigns are organized.

The Whole Earth Blazar Telescope (WEBT)
is an international project created in 1997 with aim
to study blazars (e.g. Vilatta et al. 2007). Until
2009, the WEBT organized 24 observing campaigns,
which included more than one hundred telescopes. In
2007, the WEBT started a new project, the GLAST-
AGILE Support Program (GASP), which provides
observing support to the observations by the gamma-
ray satellites GLAST (now called Fermi) and AGILE
(e.g. Raitteri et al. 2011). Generally, GASP’s task
is to provide a long-term optical-to-radio monitoring
of selected blazars during the operation of two satel-
lites. Beside the long-term monitoring, GASP orga-
nizes observing campaigns for some objects, though
there are also campaigns for blazars not included
into the list, like for blazar PG 15534113 organized
in April 2013. Most of campaigns were/are orga-
nized in conjunction with high-energy ground-based
telescopes (MAGIC, VERITAS etc.), Gamma and X
ray space instruments (INTEGRAL, RXTE, Chan-
dra etc.), infrared space telescopes (Spitzer) and ra-
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dio telescopes (VLA, VLBA etc.). In addition to
photometric observations also polarimetric in optical
and radio domains, and spectroscopic measurements
are performed.

Optical observations are a very important part
of the multi-frequency study of blazars. Small and
moderate size telescopes, which are relatively cheap
today and easy to maintain, can be used for obser-
vations of these objects. On the other hand, the
impact of the results is high in the study of these
puzzling objects. With this in mind, our group at
the Astronomical Observatory of Belgrade (AOB)
joined the WEBT project in 2013 with our 60cm
aperture telescope at the Astronomical Station Vi-
dojevica (ASV) run by AOB. This paper gives de-
tails about our team, instruments and presents some
of preliminary results.

Section 2 describes our scientific team and col-
laborators. Section 3 focuses on the target list pro-
vided by the WEBT. We summarize our observa-
tional results and give short notes on issues we have
experienced so far. Photometric measurements of
these objects are not so simple since we are trying
to measure AGN fluxes, which are embedded in el-
liptical host galaxies and compare them to stellar
fluxes. In Section 4, we tackle some of the issues
that we experienced in one year of observation and
measurements. In the last Section 5, we draw our
conclusions.

2. RESOURCES

For observations of the WEBT objects, we
mostly use our 60 cm ASV telescope. It is located on
the mountain of Vidojevica in southern Serbia. The
site has a relatively good seeing (median 1.2 arcsec)
and a number of usable clear nights (Jovanovié¢ et

al. 2012). As a part of the BELISSIMA! project,
which is supported by the EU Seventh Framework
Programme, we expect to purchase a new 1.4 m tele-
scope in a near future.

The 60 cm ASV telescope is Cassegrain type
with 60 cm and 20 cm primary and secondary mir-
rors, respectively. Main characteristics of the tele-
scope are given in Vince and Jurkovié (2012). Several
CCD cameras were provided for data acquisition, but
the most frequently used one is the ALTA Apogee
U42, which is thoroughly tested by Vince (2012). We
have both, the Stromgren and Johnson/Bessel filter
sets, but only the later has been used for observations
so far. For spectroscopic measurements, we pro-
vided one portable fiber-feed spectrograph which is
examined for its characteristics by Vince and Lalovié
(2005). Attached to the 60 cm ASV telescope, the
spectrograph has a relatively small light power and,

Lhitp://belissima.aob.rs/
2http: //www.nao-rozhen.orq/telescopes/fr_en.htm.
3http://iraf.noao.edu/

consequently, it has never been used for any system-
atical observation. Vince et al. (2014) describe all
observational programs performed since the installa-
tion of the 60 cm ASV telescope in 2010.

Beside the 60 cm ASV telescope, we use data
from several Bulgarian telescopes, as well as one
Austrian telescope, for observations of the WEBT
objects: 60 cm Cassegrain and 2m RCC telescopes
at Rozhen National Astronomical Observatory op-
erated by the Institute of Astronomy, Bulgarian
Academy of Science? and 1.5m telescope at the
Leopold Figl Observatorium fuer Astrophysik of Vi-
enna University (LFOA).

Our observational team is modest in number.
We have two active members (G. Damljanovic and
O. Vince) and 8 close collaborators who are ready
to observe WEBT-GASP targets during their obser-
vational time or contribute in other way to our ef-
forts (M. Stojanovié, Z. Cvetkovié, R. Pavlovié¢, G.
Latev, S. Boeva, R. Batchev, J. Nuspl, H. Tibor, W.
Zeilinger).

Observations are calibrated (bias, dark, flat
etc.) and photometry is performed in either IRAF3
(0. Vince) or Maxim DL (G. Damljanovié¢) softwares.
Basically, they provide identical final results. In the
IRAF, the whole procedure is automatized in the CL
scripting language.

3. WEBT TARGET LIST

List of the WEBT-GASP blazars is given in
Table 1. Their names are given in the first and sec-
ond column. The third column contains redshifts
of the objects. The fourth column indicates if the
blazar is the BL Lac or FSRQ class. Column five
indicates the number of nights that blazars were ob-
served until now. Each object is observed at least
three times during a night in each filter. Column six
indicates the telescopes that were used for observa-
tions; Vi60 and Ro60 stand for the 60 cm telescopes
at ASV and NAO BAS Rozhen*, Ro2 is for the 2m
Rozhen telescope, and LFOA is for the 1.5m tele-
scope at the LFOA. Beside blazars from the list, we
performed observations for campaign on 15534113
organized in April 2013.

Table 1 is a good overview of our activities in
one year. So far, we have observed more then half
of objects from the list and were very active in three
WEBT campaigns. We believe that this score will
improve in the close future since we plan to involve
more colleagues into the project. In addition, we ex-
pect to install one more telescope at the ASV, which
should increase the number of effective observations
during clear nights.

4National Astronomical Observatory of Bulgarian Academy of Science
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Table 1. List of the WEBT-GASP blazars.

IAU Name Name zZ Type  Number [day] Telescope
0219+428 3C 66A 0.44 BL Lac 1 Vi60
02354164 AO 0235+16 0.94 BL Lac 2 Ro2,LFOA
0420-014 PKS 0420-01 0.914 FSRQ / /
0528+134  PKS 0528+134 2.06 FSRQ /

07164714 S5 0716+71 0.3 BL Lac 5 Vi60,R02,LFOA
0735+178 PKS 0735417 0.424 BL Lac 2 Vi60
08274243 0OJ 248 0.939 FSRQ 2 Vi60,LFOA
0829+046 0J 49 0.174 BL Lac 1 Vi60
08364710 4C 71.07 2.172 FSRQ 1 Vi60
08514202 0OJ 287 0.306 BL Lac 1 Vi60
0954+658 S4 0954+65 0.368 BL Lac 2 Vi60,LFOA
11014384 Mrk 421 0.030021 BL Lac 7 Vi60,Ro060,Ro02
11564295 4C 29.45 0.729 FSRQ / /
12194285 ON 231 0.102 BL Lac 1 Vi60
1226+023 3C 273 0.158339 FSRQ / /
1253-055 3C 279 0.5362 FSRQ / /
1510-089 PKS 1510-08 0.36 FSRQ / /
1611+343 DA 406 1.401 FSRQ 1 Vi60
16334382 4C 38.41 1.81357 FSRQ / /
16414399 3C 345 0.5928 FSRQ / /
1652+398 Mrk 501 0.033663 BL Lac 4 Vi60
17394522 4C 51.37 1.375 FSRQ / /
18074698 3C 371 0.051 BL Lac 1 Vi60
2155-304 PKS 2155-304 0.116 BL Lac / /
2200+420 BL Lacertae 0.0686  BL Lac 1 Vi60
2230+114 CTA 102 1.037 FSRQ / /
22514158 3C 454.3 0.859 FSRQ 1 Vi60
2344+514 1ES 2344+514 0.044 BL Lac 2 Vi60

WEBT-GASP provides a finding chart for all
targets in the list®. Blazars are clearly marked there,
as well as the comparison stars that are recom-
mended for differential photometry. We give a few
notes here on some of the issues that we have encoun-
tered during one year of observations/measurements
Otf these blazars using the given set of comparison
stars.

Saturated stars close to blazar. An ex-
treme case is the long-time studied Mrk 421, with
two close, relatively bright stars in the field (6th mag-
nitude 51UMa and 12th magnitude BD+39 2414B).
In practice, it is impossible to gain sufficient signal-
to-noise ratio for the blazar without saturating these
two stars. All comparison stars given in the WEBT-
GASP finding chart, together with the Mrk 421 itself,
are very close to these two stars and the scattered
light has certainly an impact onto their photometry.
In addition, there is a relatively bright galaxy very
close to Mrk 421 with a similar effect. Pace et al.
(2013) found the comparison star marked by number
3 in the finding chart to be problematic, that is, they
found large difference in their magnitudes relative to
the previously published values. Therefore, they do
not recommend to use this star for photometry.

Shttp://www.to.astro.it/blazars/webt/

Another, similar but less extreme, examples of
this type are blazars 0235+164, 0420-014, 1611+343.

Lack of standard photometry for some
comparison stars. A good example is 0528+134
where I band photometry is not provided for a given
comparison stars, or 0827+243 where only V and R
band are provided for 5 comparison stars. We note
however that WEBT insists only on R band measure-
ments and always highlights what the other filter-
bands are needed for their campaigns. The WEBT-
GASP list could be updated with standard photome-
try data published in some recent papers. For exam-
ple, Pace et al. (2013) provide I band photometry for
stars 1, 2, 3 marked in the finding chart for Mrk421.

Large magnitude difference between
blazar and comparison stars in the field. Good
examples are: 02354164, 0420-014, and 05284134.
One potential problem is purely technical - it is dif-
ficult to keep both, the target and the comparisons,
in the linear range of the CCD response if the mag-
nitude differences are large. Another problem is sta-
tistical and important when light curves of blazars
are analyzed and tested. Howell et al. (1988) note
that one should select comparison stars that are not
just non-variable but also closely match the target’s
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magnitude. If this is not so, the measured dispersion
of the target-comparison light curve will be different
from that of the control-comparison light curve, just
due to random noise sources (photon statistics, sky,
read out noise), even in the absence of any intrin-
sic variations in the target. This is important when
microvariability of a blazar is tested.

Comparison stars are at large distances
from a blazar. Generally, this has two drawbacks.
First, some standards fall out from small field of view
of telescopes with large focal ratio. We often experi-
ence this while working on the 2m RCC telescope at
NAO Rozhen. Second, the flat-fielding errors tend
to be larger at larger distances from the object of
Interest.

Overlapping. In some cases, due to bad see-
ing conditions, a blazar overlaps with some close ob-
ject (e.g. 07354178, 12194285, 2344+514). It is
difficult to pull out appropriate photometry with the
aperture technic and the PSF photometry seems to
be more appropriate.

Color differences. WEBT does not insist
on correction for the color term, so one should count
with possible errors. For example, light curves of
non-variable comparison stars might show system-
atic positive or negative trend if their colors are much
different. In our experience, this trend can be as
large as 0.1 mag in about 4 hours of observation.

4. PHOTOMETRY

Beside the standard reduction procedure (cor-
rection for bias, dark and flat images), WEBT
requires differential instrumental magnitudes of a
blazar relative to comparison stars provided in the
WEBT-GASP finding charts. No additional correc-
tions such as corrections for Galactic extinction or
host galaxy light are required from observers. These
and similar corrections must be performed in a uni-
form way since different methods may provide dras-
tically different results. Some of these questions will
be tackled below.

The most common way of doing differential
photometry is to define a circular aperture around
the object and an annulus around the aperture for
the background correction. WEBT has few require-
ments on the aperture setup. Most of the objects are
far enough to act as a point-like sources, so the opti-
mal aperture radius is the one providing the highest
signal-to-noise ratio. Howell (1989) determined the
optimal extraction aperture to be about FWHM and
to depend slightly on the brightness of an object in
the CCD. However, there are a few close blazars in
the WEBT list (see Table 1) with large projected
sizes, where this measurement strategy is not the
best choice. Cellone et al. (2000) showed that such
photometric apertures can lead to spurious flux vari-
ations due to seeing variability with time. The effect
is stronger for a brighter host galaxy and smaller
aperture radius in use (see their Figs. 8 and 9). In
absolute terms, this effect is not very strong, but

Shttp://ned.ipac.caltech.edu
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becomes important when we want to study low am-
plitude variations (few tenths of magnitudes), that
is, microvariability of blazars.

There are four close blazars in the WEBT-
GASP list where the aperture radii are precisely
defined. These are: Mrk 421, Mrk 501 and 1ES
23444514 for which the recommended aperture ra-
dius is 7.5 arcsecs and BL Lacertae for which the
aperture radius is 8 arcsecs (Raiteri, private commu-
nication). There is one more close blazar, 3C 371,
for which there is no exact definition of the aperture
ﬁadius given. Their finding charts are given in Fig.

For campaigns on the BL Lacertae blazar, be-
side the 8 arcsecs aperture radius, the inner and outer
radii of the annulus are also defined (10 and 16 arc-
sec, respectively). With this fixed aperture/annulus
setup, one can estimate the flux that originate from
the host galaxy, which is about 60% for this blazar
(e.g. Raiteri et al. 2009). Indeed, using 4.8 arc-
secs for the blazar’s effective radius (see Scarpa et al.
2000), the basic integration over the de Vaucouleur’s
profile gives 64% of the host galaxy contribution in
the 8 arcsecs aperture. We can also estimate that
we have already subtracted about 4% of the host
galaxy light by subtracting the background extracted
from the annulus. Thus, our aperture includes about
60% of the host galaxy light. Adopting, for exam-
ple, 15.55 mag in R band for this blazar (Scarpa et
al. 2000) and 0.9 for the total Galactic extinction in
the R band toward this object (from NED®), we can
calculate that one has to subtract 2.54 mJy from the
de-reddened R-band flux to eliminate the host con-
tamination.

It is interesting to note that different authors
provide different values for the effective radius for
the BL Lacertae blazar. For example, Nilsson et al.
(2003) calculate 8.2 arcsecs despite the fact that they
have also used de Vaucouleur’s profile in the calcula-
tion procedure. Nilsson et al. (2007) allowed a slope
of the brightness profile to be a free parameter in the
fitting procedure and obtained 10.4 arcsecs for the
effective radius. Taking 8.2 arcsecs for the effective
radius instead of 4.8 arcsecs used above, changes the
galaxy light contribution in the 8 arcsecs aperture
from 60% to 45%.

Fig. 2 illustrates the fraction of the host
galaxy light in the 8 arcsecs aperture radius as func-
tion of the effective radius of a galaxy. It is calcu-
lated for the aperture/annulus setup defined for the
BL Lacertae blazar (8, 10, 16 arcsecs radii). Two
curves are shown - the dashed line shows the frac-
tion of the host galaxy light without correction for
the subtracted light from the annulus, while the solid
line shows the same after correction. We can con-
clude that: 1) the host galaxy light contribution in 8
arcsecs aperture radius is large for compact elliptical
galaxies such as the host galaxy of the BL Lacertae
blazar and 2) the curve is very steep for such galax-
ies. The latter fact should remind us that slightly
different values for the effective radius can give quite
different results. Moreover, it is known that elliptical
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galaxies tend to be bluer in their outer regions than
in their cores, so one should be aware of the possi-
ble errors that are introduced if the effective radius
measured in one filter band is uncritically applied to
the analysis in other filter bands.

With different approach, Nilsson et al. (2007)
calculated the contaminating fluxes from the host
galaxy plus nearby companions for about 20 blazars.
All close blazars from Fig. 1 are in their list too.
The fluxes are calculated for a range of aperture
radii and seeing FWHMs. It is interesting to note
that for the BL Lacertae blazar observed with 8 arc-
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secs aperture radius they calculate about 1.4 mJy
for the whole range of the seeing FWHM. This is
quite different from 2.54 mJy calculated by Raiteri
et al. (2009). The reason for such discrepancy might
be due to different approaches of two authors, but
partly it is because they take different values for the
R band magnitude for the host galaxy. We also note
that we couldn’t find any instruction (exact aper-
ture/annulus setup) in Nilsson et al. (2007) on using
their values from the tables to correct measurements
for the host galaxy light contamination.
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Finding charts for four closest blazars in the WEBT-GASP list; Mrk 421 in the upper left, Mrk

501 in the lower right, BL Lacertae in the lower left, and 1ES 2344+514 in the upper right panel. Finding
charts are taken from the WEBT official page hitp://www.to.astro.it/blazars/webt/.
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Fig. 2. Fraction of the host galaxy light in the 8

arcsecs aperture radius. Dashed line corresponds to
the fraction of the galaxy host light without correction
for the light in the annulus. Solid line corresponds to
the same but with the correction.

Fig. 3. The aperture/annulus setup for the BL
Lacertae blazar .

Fig. 3 shows the BL Lacertae blazar and the
aperture/annulus setup mentioned above. The an-
nulus includes two relatively bright stars”. In order
to estimate their contribution to the photometry, we
define a box-like aperture and use it for an indepen-
dent background estimation. The box is defined to
be close to blazar but free of any source contami-

nation. The analysis is done on the BVRI stacked
images taken in July 2013 with the 60 cm telescope
at the ASV. Comparison of the measurements ob-
tained with the annulus and box-like region shows
that fluxes in the BVRI bands change by about 7,
4, 4, and 6 percent due to the presence of these two
stars in the annulus. This corresponds to 0.08, 0.04,
0.04, and 0.06 magnitude differences in the BVRI
bands, respectively.

For other close blazars mentioned above, there
is no exact setup definition given by the WEBT for
their inner and outer radii. One way to deal with the
galaxy host light contribution to annulus is to set it
far from the sources where the galaxy host contribu-
tion drops below certain level (Raiteri, private com-
munication). In the case of BL Lacertae for instance,
the contribution of the host galaxy to annulus drops
below one percent by increasing the gap between the
aperture and annulus for 8 arcsecs. However, this
is not always possible especially in a crowded field
where we risk to include bright stars in the annulus.
Another way is to set an annulus at arbitrary radii
and deal with systematic errors.

We have already mentioned the correction for
Galactic extinction in the example of the BL Lac-
ertae blazar. It is important whenever we want to
compare models with our observations. There are
three different possibilities for the correction: 1) us-
ing a global mean extinction curve (e.g. Seaton 1979,
Savage and Mathis 1979), 2) using an R-dependent
curve (e.g. Cardelli et al. 1989), and 3) using a
sightline-specific curve. The first one is the least at-
tractive of the three cases, but is the most frequently
used. The R-dependent curve is an analytical rep-
resentation of the extinction which depends on one
parameter (Ry ). Diffuse interstellar matter is de-
scribed by small values (Ry ~ 3), while dense re-
gions by larger values (Ry = 5). However, at any
given Ry, most observed extinctions deviate from
the mean R-dependent curve by more than the obser-
vational error. This is especially true for short wave-
lengths (A <0.14 pm). The mean extinction curve
of Seaton (1979) and Savage and Matis (1979) can
be described by the R-dependent curve with Ry =~
3.1. Thus, one should be aware of the fact, that the
correction for the extinction in dense interstellar re-
gions with the mean extinction curve will introduce
large systematic errors.

5. CONCLUSIONS

In this paper, we present our effort in research
of blazars. Our team and equipment that we use for
observations are described. We point to some ob-
servational issues that we met during one year of
observation. Our discussion on these issues can be
summarized as follows:

“In this particular setup, there is also a faint star close to the annulus border, but its contribution is much smaller. Beside,
due to its closeness to the annulus limit, its contribution depends on the aperture centering.
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(1) There are some cases in the WEBT-GASP tar-
get list when close bright stars are close to a
blazar and/or comparison stars. One should
be aware of possible contamination by the
scattered light of these stars and adequately
deal with it in the photometric measurements.

(2) Many comparison stars in the WEBT-GASP
finding charts do not have standard photomet-
ric measurements. For long-term monitoring,
WEBT insist only on the R band measure-
ments and always highlights what other filters
are needed for campaigns. Nevertheless, one
may find newly determined values for many
standards in the WEBT-GASP finding charts
in the literature.

(3) Large magnitude difference between a blazar
and comparison stars, might be a serious
problem. There are several examples in the
WEBT-GASP target list of this kind. Most
of them have plenty of nearby stars with com-
parable magnitudes to the blazar’s one, and it
might be very useful to determine their stan-
dard photometry.

(4) If comparison stars are at large distances from
a blazar might also be a problem. We find
useful to determine standard photometry for
closer stars in the field as well.

(5) Overlapping of some blazars with close stars in
bad seeing conditions are also problematic for
standard aperture photometry measurements.

(6) Correction for the color term in the extinction
is not required from WEBT observers. How-
ever, one should certainly be familiar with er-
rors introduced in this way.

(7) In the case of large size host galaxy, one has
to deal with the host galaxy light contribution
and correct measurements for it. We men-
tioned two ways for doing it - one described
by Raiteri et al. (2009), the other described
ny Nilsson et al. (2007). Raiteri’s way is much
simpler and easy to reproduce, while Nilsson’s
method is more complex.

During just one year, we have observed more
then half of the objects in the WEBT list and par-
ticipated intensively in three WEBT campaigns.

In the future, we plan to improve our effort on
blazar research by involving more people, by installa-
tion of a new telescope, and by extension of our col-
laboration with experienced researchers in this field.
As part of the WEBT, we plan to continue to con-
tribute by observations.
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I[ToueTrkom 2013. roguHe, (GopMUpaAIN
CMO THUM HayJYHUKa y ACTPOHOMCKOj OICEpBa-
topuju y Beorpany koju ce GaBu mpoydaBameM
Gimaszapa. Y CHOCTABUIX CMO capammy ca Ac-
TpoHOMCEKOM omcepBatopujom y Topunmy (Ura-
nauja), roju je memrap 3a Whole Earth Blazar
Telescope (WEBT) uHTepHANMOHAIHUA NIPOjEKAT.
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Y oBoM pany, kpaTtko ommcyjemo WEBT mpo-
jeKaT, MHCTPYMEHTe ca KOjuMa PaauMO Ha MOC-
Marpamy 0Ja3apa Kao U IPUKA3yjeMO HEKe Ipe-
auMuHApHE pe3yarare. Takobe yrazyjemo Ha
HEKe NOTEHIujaJHe IIoCMaTpauke mpobJieme Ha
KOje CMO HAWILIN Yy TOKY j€IHOTOUIIHET TOCMAaT-
pama O6aazapa.



