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We present the first internal proper motion of the 6.7-GHz methanol maser within S269, an HII
region in the outer Galaxy, which have been carried out in 2006 and 2011 using the Japanese VLBI
Network (JVN). Several maser groups and weak isolated spots are detected in an area spanning
by ~ 200 mas (1000 AU). Three remarkable maser groups are aligned at a position angle of 80°.
Two of three maser groups are also detected by a previous observation in 1998, which allow us
to study a long-term position variation of maser spots from 1998 to 2011. Angular separation
between the two groups increased ~ 10 mas, which corresponds to an expansion velocity of ~ 10
km s~!. Some velocity gradient (~ 1072 km s~! mas~!) in the overall distribution was found.
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1. Introduction

The 6.7-GHz methanol maser emission is known to be closely associated with high-mass star
forming regions, and it is thought to probe very early stages of star formation (e.g. [2, 11, 22]).
Various morphologies of the 6.7 GHz methanol masers have been obtained with past interfero-
metric and VLBI observations. The linear distribution and velocity gradient of the masers have
often been explained as an edge-on rotation disk (e.g. [[I3]]). Such a rotation disk hypothesis is
supported by detections of ring-like distribution of masers [1, 18, 21], and detections of internal
motions surrounding a radio continuum source [5, 12, 16, 17]. On the other hand, shock-wave
model has been presented to explain the maser location in several sources [4, 14, 23]. De Buizer
(2003) [ searched for H, outflow signatures in massive young stellar objects with the linear distri-
bution of methanol masers to test whether the outflows are perpendicular to the linear distributions.
Their search revealed that H, emission is distributed almost parallel to the distribution of methanol
masers in their sample sources. Moreover, multi-epoch VLBI observations have shown the internal
motions of methanol masers in massive star-forming region ON1, which suggested that the masers
trace the expansion of the UC HII region or a bipolar outflow [15, 19]. Thus, the 6.7 GHz methanol
maser emission is detected on size scale of 1000 AU, and is a powerful tool to investigate the en-
vironment close to the forming high-mass protostar. However, internal motions of the 6.7 GHz
methanol masers have been reported in limited number of sources so far.

S269 is a small HII region in the outer Galaxy, and harbors two bright near-infrared (IR)
sources separated by ~ 30”, IRS 1 and IRS 2 [24]]. Recent near-IR images imply that several H,
knots are distributed across IRS 2, which suggest two bipolar outflows, powered by sources in IRS
2 [B]]. The 6.7-GHz methanol maser emission has been also found in S269 [9, 20]. The past VLBI
observations of the 6.7-GHz methanol maser in S269 detected two groups (A & B), separated by
~ 55 mas in 1998 November [[10]].

2. Observations

We observed 6.7-GHz methanol masers in S269 using the Japanese VLBI Network (JVN) on
2006 September (Epoch 1) and 2011 October (Epoch 2), eight and thirteen years after the past
VLBI observation. Observation parameters for the JVN observations are summarized in table [Tl

We have also carried out single-dish observations toward 6.7-GHz methanol maser emission
of S269 with Yamaguchi 32-m telescope almost simultaneously with each JVN observation, for the
absolute flux calibration to the VLBI data. The observations were performed for four days from

Table 1: Observation parameters

Epoch Date Telescopes Synthesized beam On-source time Lims
(yyyy/mm/dd) (mas, mas, deg) (hr) (mly beam™!)
1 2006/09/10 Y, U, M, 1 23x3, -34 2.1 110
2 2011/10/22  Y,U,H,M, R, O, 1 8x3, —46 6.5 10
Column 3: 'Y for Yamaguchi, U for Usuda, H for Hitachi, M for VERA-Mizusawa, R for VERA-Iriki, O for VERA-Ogasawara,

I for VERA-Ishigaki.



6.7-GHz methanol masers in S269 S. Sawada-Satoh

(a) 2006 September L. YN —— 11 1) 2011 October | LW —

Yamaguchi —---

Yamaguchi ----

Flux Density [Jy]

14 15 16 17 14 15 16 17
Velocity in LSR [km s™'] Velocity in LSR [km s™']

Figure 1: Comparison of the cross-power spectrum (vector average) obtained from our JVN observations
(Solid line) and the spectral profile measured with the Yamaguchi 32-m telescope (Dashied line) in (a) 2006
September and (b) 2011 October Velocity resolution is 0.178 km s~! and 0.044 km s~ !, respectively.

2006 September 4, and one day on 2011 October 22 just after the JVN observations toward S269.
We adopt D = 5.28 kpc to S269[[l], and hence 1 mas corresponds to 5.27 AU.

3. Results

The maser emission was detected at velocity range of 14.0-16.5 km s~! (figure[I). The spec-
trum detected with the Yamaguchi 32-m telescope reveals the brightest peak at velocity of 15.2
km s~!, and blue-shifted and red-shifted spectral components at peak velocity of 14.7 and 15.9
km s~!, which is consistent with the past single-dish observations [6, 20].

The maser distribution is organized by several maser groups and some weak isolated spots
(figure 2). The most luminous maser spot at 15.2 km s~! belongs to group B. The group A is the
second brightest, which locates ~ 55 mas east from the group B. The group C is located, 95 mas
west from the group B. In 2011, the group D is seen at 70 mas west and 60 mas north from the
group A. The group D consists of several maser spots with velocities of 16.00 and 16.17 km s~!.
And also, several prominent maser spots at velocity of 14.8—15.3 km s~!, distributed ~ 170 mas in
a line at southeast—northwest direction, almost parallel to the dashed line in figure 2b.

We here describe the relative position of the maser spots with respect to the barycentric point
among maser spots within the group A for each epoch. The spatial and velocity structure of the
groups A, B and C are consistent during the period 1998-2011. The angular separation between the
barycentric points of the groups A and B increases ~10 mas for thirteen years from 1998 to 2011.
If we assume that it increases at a constant rate, the velocity of the internal motion is estimated to
be 10 km s~!. We note that maser distribution and velocity range of the group A in 2011 (Epoch
2) changed from two previous VLBI observations in 1998 and 2006 (Epoch 1), and there could be
uncertainty about the reference point in 2011. If we exclude the results at Epoch 2 for estimation
of the internal motion between the group A and B, the velocity of the motion would be 13 km s~ .
It is difficult to discuss about the motion of the group C, because the velocity range of the group C
at Epoch 1 and 2 is not same, and therefore the maser spots in the group C in different epochs can
not be identified as the same.
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Figure 2: Maser positions for S269 on (a) 2006 September 10 and (b) 2011 October 22. Color indicates
the LSR doppler velocity of the spectral channel. The synthesized beam size is shown at the lower right in

wide-field view.
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Figure 3: Superposed maps of 6.7-GHz methanol maser distribution in the groups B and C with respect to
the group A.
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Velocity gradient in the overall distribution could roughly be seen along the alignment of the
groups A, B and C at position angle of ~ 80°. In 2011, another obvious linear structure was seen
along the southeast—-northwest direction (P.A. ~ 135°) with a velocity gradient. Some trends of
velocity gradients of ~ 1072 km s~! mas~! are determined by a linear fitting along the directions
at P.A. of 80° and 135°.

4. Discussion

The bipolar outflow scenario is the simplest explanation for the increase of the angular sep-
aration between two maser groups A and B. The axis of outflow would be a line joining the two
maser groups A and B, in the direction at position angle of ~ 80°. Viewing angle of the outflow
is estimated to be 87° from the projected relative velocity of 13 km s~! and the velocity difference
between the groups A and B of 0.6 km s~!. Therefore, the outflow axis is almost parallel to the sky
plane, and absolute velocity of the expansion between the groups A and B is estimated to be nearly
13 km s~!. The group C is also located on the extension of the line, and the groups A, B and C
could be associated with the same outflow. However, the direction at position angle of ~ 80° is not
consistent with a large-scale bipolar outflow in the southeast—northwest direction traced by several
H, knots (Knots 1, 2, 3, 4, 5; [8]]). Therefore, the internal motion of groups A and B could be driven
by another outflow. The near-IR images have suggested the existence of a second outflow with a
different axis traced by H, knot 6 as well[[]]. If the second outflow is powered by sources in IRS
2, the outflow axis would be a line connecting IRS 2 and H; knot 6. We note that the direction of
the outflow axis is nearly parallel to the position angle of 80°, which is the alignment of the maser
groups A, B and C.

The disk scenario has often been proposed to interpret the maser distribution in linear distri-
bution with a velocity gradient, and could be another candidate to explain the observational results
of the methanol masers. If the velocity gradient of the methanol maser emission is due to a Ke-
plerian rotation disk, the enclosed mass is estimated to be ~ 1M, assuming edge-on view of the
disk with a disk radius of 1000 AU, defined by the total extent of the methanol masers. However,
the estimated value is too small for a high-mass star forming region, in which 6.7-GHz methanol
maser emission is observable.
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