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ABSTRACT

Context. The results of monitoring of the water-vapour maser in the 1.35-cm line toward ON2 in 1995-2004 are reported.

Aims. The main goal was to study variations of the H,O maser emission on a long (10 years) time interval, in particular, velocity
drifts and correlation between fluxes in various spectral features.

Methods. The observations were carried out on the RT-22 radio telescope of Pushchino Radio Astronomy Observatory.

Results. The emission of the northern component (ON2 N) took place in a broad interval of radial velocities, from —12 to 9 km s7!.
The total H,O emission has two variability components: slow and flaring. The period of the former component is most likely between
25 and 30 years. The flaring component has a cyclic character with a period from 1.1 to 2.6 years. The alternation of the activity
cycles was accompanied by changes in the velocity structure of the H,O spectra. There is good correlation between the variations
in the integrated flux and velocity centroid, as well as between the emissions in various segments of the H,O spectrum. We suggest
that long-term variations and oscillations of the water-maser emission can be related to the non-stationarity and anisotropy of bipolar
molecular outflow from the B-type star in the ultracompact HII region.
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1. Introduction

The source ON2 is located in the intricate Cygnus X complex at
a distance of 5.5 kpc (Wink et al. 1982). The northern molec-
ular cloud, also called ON2N and ON2S, contains an ultra-
compact HII region with a cometary morphology. Shepherd &
Churchwell (1996) found a bipolar molecular outflow near the
UC HII region G75.78+0.34 from '>CO line observations and
calculated that its source can be an early-type (B) star on the
basis of the parameters of this outflow. The UC HII region pro-
duces a bow shock, which results from the relative motion of the
B-type star and the surrounding dense molecular gas (Wood &
Churchwell 1989). The strong masers in the lines of OH (Elldér
et al. 1969) and H,O (Forster et al. 1978) are closely associated
with the UC HII region.

The water-vapour maser was detected toward ON2 by
Johnston et al. (1973). Genzel & Downes (1977) have shown
that the emission comes from two spatially isolated regions (N
and S components). The angular separation between the com-
ponents is ~80”. Subsequent VLBI observations by Hofner &
Churchwell (1996) have detected three groups of maser spots
in G75.7840.34. The emission of the main group (N compo-
nent) is in the velocity interval -3 < Vigg < 15 km s7!. The
group has an angular size of about 1” x 0.4” and is located near
the bow shock. It is associated with a hot (7T > 100 K), dense

* Figure 10 is only available in electronic form at
http://www.edpsciences.org

http://www.edpsciences.org/aa

(n(Hy) ~ 107 cm~3) molecular clump in the close vicinity of the
UC HII region. Two other groups with the emission at negative
velocities are sufficiently compact; they virtually coincide with
the position of the S component, as detected earlier by Genzel &
Downes (1977).

The variability of the water maser in ON2 was studied by
White & Macdonald (1979). Two years of their observations
have shown wide flux variations in the entire radial velocity
range; i.e., the fluxes of both components (N and S) were sub-
ject to considerable changes. A long-term monitoring of the H,O
maser ON2 was carried out in 1981-1995 (Lekht et al. 1996;
Marquez et al. 1998). According to Lekht et al. (1996), the H,O
maser in ON2 N can have long-term variations of the integrated
flux with a period longer than 20 years, as well as faster varia-
tions (oscillations) on a timescale of 3—4 years.

After 1995 we continued our monitoring of the water maser
in the source ON2; the observations were carried out toward the
N and S components. In addition, in our analysis of the variations
in the integrated flux and velocity centroid we used all the results
of the monitoring.

2. Observations

The observations of the H,O maser toward ON2 re-
ported in this paper were carried out on the 22-m
RT-22 radio telescope of Pushchino Radio Astronomy
Observatory in 1995-2004. In most cases we observed both

http://dx.doi.org/10.1051/0004-6361:20053495
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Fig. 1. Three-dimensional presentation of the catalogue of the H,O
maser emission spectra toward ON2 N for 1995-2004.

components: RA(1950) = 20"19™5158, Dec (1950) = 37°17" for
N and RA(1950) = 20"19™49%, Dec (1950) = 37°15’58" for S.
For convenience, we will call these sources ON2 N and ON2 S
in what follows.

The mean time interval between successive observational
sessions was 1.4 months. The system noise temperature was
from 100 to 200 K, depending on the weather conditions and
source elevation. As far as possible, the observations were car-
ried out at the same position angle to avoid flux variations if the
emission of the source was polarized, because the antenna re-
ceived a single linear polarization. An antenna temperature for
an unpolarized pointlike source of 1 K corresponds to a flux den-
sity of 25 Jy.

The antenna beamwidth at 22 GHz is 2.6’. When the antenna
is pointed toward ON2 N the emission from the other component
(ON2YS) is attenuated by a factor of exactly two, and conversely,
when pointed to ON2 S, the emission from ON2 N is weakened
by a factor of two. Since the emission from the southern compo-
nents comes only at negative velocities, we observed it mainly
at Visg < 1 km s~!. The source ON2S was occasionally ob-
served in a broader velocity interval. Since the end of 2003 such
observations have been carried out on a regular basis.

We also used the method of discrete scanning, i.e., of ob-
servations at four points along the line connecting both sources.
This allowed us to determine whether the features belong to the
sources. These observations were performed in 2003-2004. It
should be noted that the emission of the source S was appre-
ciably weaker than that of the source N. Thus the observational
techniques we utilized allowed us to separate the emission of the
source S from that of N. This was used in plotting Figs. 2 and
4-9.

The signal was analysed by a 128-channel spectrometer
with a resolution of 7.5 kHz; at 22 GHz this corresponds to
0.101 km s~!. The total analysis bandwidth is about 13 km s,
The required reception bandwidth was provided by retuning the
frequency of the first local oscillator. The data were processed
at the Instituto Nacional de Astrofisica, Optica y Electrénica
(INAOE), Tonantzintla, Puebla, México.
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Fig. 2. Variations in the integrated flux a) and velocity centroid b).
Dashed lines: smooth curves showing the long-term variability (see
text). Vertical bars in the top panel show the emission minima of in-
dividual groups of features F5—F8 according of Figs. 5-8, respectively,
and in the bottom panel they denote activity cycles in which Fi, and V,
correlated.

3. Results

The spectra of the water-vapour maser for 1995-2004 toward the
source ON2 N are presented in the online material section. The
vertical arrow shows the scale in Janskys.

A three-dimensional (velocity, time, and flux density) plot of
the H,O maser spectra toward ON2 N is shown in Fig. 1. This
plot includes all the profiles observed in 1995-2004. To produce
a three-dimensional image (3D) it was necessary to have a reg-
ular grid in the velocity—time space. The velocity intervals are
regular but the time intervals are not, because the time interval
between two consecutive observations changes from one case to
the next. Therefore, to obtain a regular grid, we had to interpo-
late. We made an interpolation using the IDL triangulation pro-
cedure. Then we determined the fluxes for the new grid by the
method of linear interpolation, using the Trigrid IDL procedure.
The contours of the fluxes of the H,O maser emission are shown
in a panel fixed to the 3D plot.

It is clear that the emission at a mean velocity of 3 km s,
which is permanently present in the spectra, has a regular drift.
The intervals of 1995-1996 and 2001-2002 are characterised by
a high maser activity and extended spectra. Another ridge, less
extended in time, was observed since mid-1998 near zero veloc-
ities. The emission at other velocities was not as long-lived as
described above. It had a flaring nature.
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Fig. 3. Superposition of the H,O spectra for various time intervals. The
interval boundaries are shown.

To study the character of the variability of the integrated flux
(Fine) and velocity centroid (V,), we also used the results ob-
tained by Lekht et al. (1996). The variations of these parameters
of the H,O emission are shown in Fig. 2. In the top panel the fit-
ting was done on the basis of the flux minimum. This enabled us
to distinguish two components of the integrated-flux variability.
It is clear that the smooth curve of the integrated flux is super-
posed with faster variations on a timescale of 2-3 years.

We have fitted a third-power polynomial to the velocity cen-
troid (lower panel of Fig. 2). In 1984-1986, 1994.3-1996.6,
1999.4-2000.5, and 2001.1-2002.5, the centroid deviated con-
siderably from its more or less regular variations. These devi-
ations were caused by the appearance or disappearance of the
emission from individual groups of features. The polynomial
was fitted by the least-square method, but we excluded the points
within the above-mentioned time intervals from the complete
set. The comparison of the fitted curves shows that the long-term
variations of the integrated flux and velocity centroid correlate.
Double dashed lines show the interval in which the minimum
of Fiy coincided with the maximum of V.. In addition, we ob-
serve a correlation between the fast variations of these parame-
ters (Fig. 2).

Then we divided the entire period of the monitoring into time
intervals. The dividing boundaries were taken at points when the
spectrum structure changed considerably. Figure 3 shows the re-
sults of this procedure. The limits of the time intervals are indi-
cated. These intervals are close to those of the cyclic variability
of the integrated flux (see Fig. 2a). An exception is the period
of 1998.4-2001.3, when two maser activity cycles correspond to
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Fig. 4. Average H,O spectra obtained by the two methods (see text).

three division intervals. This is connected with strong variations
in the H,O spectrum structure in 1988-2001.

We calculated the mean spectrum for the time interval of
1995-2004 (Fig. 4). This spectrum was computed as a simple
average of all the spectra and with regard to the duration of the
intervals. The spectra are almost identical. The arrow shows the
position of the velocity centroid for the mean spectrum drawn
with the bold curve, 0.7 km s~!, which almost coincides with a
deep depression at 1.2 km s

The flux and velocity variations of the lowest velocity H,O
emission that we detected toward the northern source are shown
in Fig. 5. Figures 6—8 show the flux variations of individual
emission features of H,O maser belonging to various spectral
groups. Arrows in the lower panels show the activity minima of
the groups of the emission features. Maximum probable errors
of the observations are shown.

4. Discussion

We concentrate here on the variability of the integrated H, O flux,
velocity centroid, and individual groups of features consisting of
spectrally close components.

4.1. Emission of ON2N at V,sg < —-5.5 km s~'

The identification of the H,O emission features has shown that
the main emission toward ON2 comes from the northern source,
in the velocity interval —5.5 < Vi gg < 9 km s~!. Other observa-
tions, carried out prior to our monitoring (Cato et al. 1976; White
& Macdonald 1979; Genzel & Downes 1977), have shown that
the maser emission toward ON2 N did not overstep the limits of
—5to+11kms™!.

Cato et al. (1976) also observed emission at —6 km s~!.
However, they supposed that it belonged to another source sep-
arated from ON2 N by 15”. We have drawn attention to the fact
that the positions of the features in the two spectra obtained by
Cato et al. (1976) at different antenna pointings do not coin-
cide. In addition, it should be noted that the linewidths are large
(1.5 km s™"). Thus we can conclude that this emission is a su-
perposition of radiation from both sources, N and S. Precisely
this result was obtained in our monitoring. This emission is a
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Fig. 5. Flux and radial-velocity variations of the emission features at
Visk < -9 km sl Large circles in the top panel: flux maxima. The
positions of the main emission maxima with the exception of features
la and 2 are approximated with a second-power polynomial (dashed
line).

separate group of features in the interval from —7 to —4 km s™!

and is strongly variable. We observed it from both sources. At
different epochs, the emission from one of the sources was pre-
vailing. In spite of the strong variability of this emission, down
to its disappearance for several years, the feature at a velocity
near —6 km s~! is persistently reproduced 30 years already; this
testifies to the existence of stable clumps of material in ON2.

A strong short-lived flare was observed in October 2001 at
-9 km s~! with a flux density of 135 Jy. The emission at the ex-
treme negative velocities (below —10 km s™') was recorded for
first time by us at the beginning of 2001. This emission repre-
sents a compact group of a few features (Fig. 5). The longest
lived is the emission feature at a mean velocity of —11 km s!.
Its peak flux density reached 50 Jy. The majority of the features
display a drift in radial velocity and fast flux variability. The ob-
served consecutive maxima are arranged in the order of increas-
ing radial velocity.

Thus, our long-term monitoring has allowed us to detect the
emission toward ON2N in the entire range of negative radial
velocities down to —12 km s~! and the existence of stable struc-
tures in the source. It is quite probable that the emission we have
found forms a separate group, which is absent on the map of
Hofner et al. (1996) and was not detected in earlier observations
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Fig. 6. Flux variability of the emission features at -5 < Visg <
1kms.

in 1977 (Genzel & Downes 1977) and 1987 (Comoretto et al.
1990).

4.2. Long-term variations in the H, O maser emission

To study the variability of the integrated flux and velocity cen-
troid, we used the results of our entire monitoring of ON2 for
1981-2004. Thus, the total duration of the monitoring was al-
most 24 years.

According to Fig. 2, the variability of Fj,; can be represented
as a superposition of slowly varying and flaring components.
Using the data obtained prior to our monitoring, Lekht et al.
(1996) supposed that the period of the slow variations exceeds
20 years. This estimate was based on the two main maxima of the
maser activity (1975 and 1995). Using the monitoring of 1981—
2004 alone, we obtained a smoother curve for the integrated-
flux variations. The minimum activity falls on the minimum of
the smooth curve, while the absolute maximum of the emission
in our monitoring (1995-1996) is not at the maximum of the
smooth curve. If we determine the period from the smooth curve,
it is ~24-25 years. From two main maxima for the entire time
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Fig. 7. Flux variability of the emission features of main group (see text).

span of the observations of ON2 (1973-2004), the period can be
estimated as ~19-20 years.

The variability of the velocity centroid (as well as that of
the integrated flux) is well approximated by two components:
slow drift and strong oscillations. We can assert the existence
of a correlation between the two curves with good confidence,
reflecting the slow variations in Fj, and V.. In 1987-1991 the
minimum of Fj,; corresponded to the maximum of V. (Fig. 2).
The smooth curve of the V. drift also enabled us to estimate
the period T of the long-term variability of the maser source,
T ~ 30 years. To specify the character of the centroid drift, a
longer time series of the observations is required.

4.3. Flare maser activity

Fast variations of the integrated flux (oscillations) happened
throughout the time interval of 1981-2004. This was especially
conspicuous in 1995-2004. In accordance with that we have 10
activity cycles with a duration (P) from 1.1 to 2.6 years and one
(the period of the strongest flare) of 5.3 years. The variations in
parameter P are not chaotic: there is a fair time dependence (see
insert in Fig. 2). The oscillations of the integrated flux and veloc-
ity centroid correlated with each other and were caused by the
variations in the structure of the spectra themselves — by appear-
ance or disappearance of groups of features (Fig. 3).
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Fig. 8. Flux variability of the emission features at 4 < Visg < 8 kms™.

4.4. Individual components of the H,O maser

As can be seen from Figs. 3 and 4, the emission features in the
H,O spectra form separate groups. On this basis, the spectra can
be divided into five intervals: <-9, -9 — -5, -5 — 1, 14,
and >4 km s~!. In each of them we observed flares of individ-
ual features on a shorter timescale than the duration of the ac-
tivity cycles themselves. The life time of some features did not
exceed several months. Nearly all emission features had a radial-
velocity drift, which was quite diverse, from linear to sinusoidal.
We also observed consecutive short-lived flares of up to four fea-
tures at closeby Vi sr, but they were not arranged in the order of
increasing or decreasing velocity.

The rather long-lived components (i.e., those in an active
phase during 9 years; see Fig. 7) had a large velocity drift from
3.7 to 2.4 km s~!. There is a good correlation between the flux
and velocity variations. The most complicated velocity varia-
tions were associated with flares. During the decay of the emis-
sion, the velocity was monotonically decreasing (segments a, c,
and e in Fig. 7).

All this suggests a complex structure for the maser spot re-
gions, strong fragmentation of the material, and probably the ex-
istence of turbulent motions in them. In the framework of this
supposition, the maser spots can be formed by projection of
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several clumps of material and can experience important flux
and radial-velocity variations. This can be accompanied by spa-
tial displacements of maser spots.

A common feature of all the groups is that the minima of the
emission in them virtually coincide in time (see Figs. 2a and 6—
8) thereby separating the activity cycles from one another. This
correlation suggests that the groups are located at equal distances
from the central object and are arranged parallel to the shock
front in the UC HII region in the source G75.38+0.34 (Hofner
& Churchwell 1996).

Also visible in Fig. 9 is clustering of the emission features
into groups. The scatter from mean values in the maxima posi-
tions within each group arises naturally from the dispersion of
velocities and positions of the components in the groups.

When the emission at Visg < —9 km s~! was observed,
the emission at Visg > 4 km s™! was strongly depleted and
sometimes absent. This may be due to temporal variations in the
bipolar-outflow anisotropy.

5. Summary

We have reported the main results of the analysis of the second
phase of the H,O maser monitoring of the source ON2. The
character of the long-term variations and oscillations of the
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maser emission was derived on the basis of the data of the entire
24-year monitoring.

1. A catalogue (Fig. 10 of the spectra measured toward the
source ON2 (N component) during 1995-2004 was com-
piled (the catalogue is presented in the online material sec-
tion).

2. We detected the H,O maser emission from ON2N also in
the velocity interval from —12 to —6 km s~!.

3. The integrated-flux variations can be represented as a super-
position of two components: slowly varying and flaring. The
period of the former is most likely between 25 and 30 years.
The latter component shows a cyclic character of the vari-
ations with periods from 1.1 to 2.6 years. An exception is
the period of the highest maser activity in ON2, which is es-
timated as 5.3 years. The alternation of the maser activity
cycles was accompanied by structural variations in the H,O
spectra.

4. Emission features in the H,O spectrum form separate
groups. Most probably, these groups are associated with indi-
vidual clusters of maser spots arranged along the bow shock
in the immediate vicinity of the cometary UC HII region.

5. The overall variation in the maser may be due to changes in
the parameters of the bow shock. In turn, such changes can
result from variations in the rate of accretion onto the young
stellar object (source of excitation of the UC H Il region) and
of the bipolar molecular outflow.
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