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Summary of snapshot imaging survey of H20 maser is presented to examine typical
trend in spectral and spatial distributions of maser features and select appropriate target
to investigate in detail. Detected 15 H20O maser sources are classified into three groups:
three for “blue", two for “red”, and ten for “both". The H20 masers in “both” group are
highly expected to trace bipolar outflows and isotropically expanding shells/winds even
though targets in “blue” and “red” would be tracing a apart of those structures. These 10
targets in “both” group are largely divided into two groups: five sources are classified as
“compact” while others are in “elongated”.

(G25.82-0.17, having the largest morphology factor of 0.4, is selected for the first case
study as a first step to KaVA LP ultimate goals since it shows about 60 features with 60
velocity range, suggesting it is a good laboratory to investigate the connection between the
dynamical structures in the vicinity of the powering source and H20 maser 2D and 3D
distributions. "Elongated" structure may trace bipolar outflows with high possibility while
"compact" structure is hard to imagine what kinds of dynamical structures can be traced.
To examine the environmental difference between these two groups, the 3D velocity
structures of H20 masers are going to be obtained with monitoring observations. Therefore,
G25.82-0.17 having the largest morphology factor of 0.4 was selected for the first case
study as a first step to KaVA LP ultimate goals. Based on the results from the imaging
survey, monitoring observations were done including G25.82-0.17.

By taking full advantage of VERA and KaVA observations, parallax and proper motions
of H20 masers in G25.82 are measured to estimate accurate distance and 3D velocity
structure of H2O masers for further analysis. In addition, the galactic position and the
peculiar motion of (G25.82 is presented to compare with other high-mass star forming
regions. The 8 maser features have been successfully employed detected in more than five
epochs. Obtained parallax is 0.23 + 0.02 mas, corresponding.to the .distance of 4.44+043
kpc which is a factor of 0.89 (4.44 kpe/5.0 kpe) smaller than the kinematic distances. In
case of uncertainty, it is deduced to 10% of 89%.

In addition to annual parallax, internal proper motions of HeO maser features in G25.82
were measured. In total, 21 H20 maser features were identified which were detected at
least in three epochs. Most of identified H2O maser features have blueshifted or similar
velocities to the systemic velocity of G25.82 (93.7 kms™?). In addition to the bluest feature,
slightly redshifted ‘velocity component (97.1 7 kms~! feature) moving toward the NE.



Features having velocities close to the systemic velocity distributed at Dec offset=0 are
moving away each other. The central cluster shows motions divided into two groups which
are moving toward N and SW

Moreover, the galactic position of G25.82 is measured and it is on the “Scutum-Centaurus
Arm” at the edge of “Long Bar” at the galactic center with the location in the middle of
other neighboring high-mass star-forming regions. Therefore, G25.82 is also located at the
inner Galaxy region where the star formation is actively occurring.

Results of continuum and spectral line observations with ALMA and 22 GHz water (H20)
maser observations using KaVA and VERA toward a high-mass star-forming region,
G25.82—-0.17 are presented. Multiple 1.3 mm continuum sources are revealed, indicating
the presence of young stellar objects (YSOs) at different evolutionary stages, namely an
ultra-compact HII region, G25.82-E, a high-mass young stellar object (HM-YSQ), G25.82—
W1, and starless cores, G25.82-W2 and G25.82-W3. Three sets of CO outflow lobes are
detected. Two of them have N-S direction while the other has SE-NW. In addition, two
Si0O outflows, at N—S and SE-NW orientations, are identified. The CH3OH 8-1—7¢ E line,
known to be a class I CHsOH maser at 229 GHz is also detected showing a mixture of
thermal and maser emission. Moreover, the H2O masers are distributed in a region »000.25
shifted from G25.82-W1. The CH3OH 224—215 E line shows a compact ring-like structure
at the position of G25.82-W1 with a velocity gradient, indicating a rotating disk or
envelope. Assuming Keplerian rotation, the dynamical mass of G25.82-W1 is estimated to
be ~25 Mg and the total mass of 20 My 84 Mg is derived from the 1.3 mm continuum
emission. The driving source of the N1-81 CO outflow (N-8 SiO outflow) is G25.82-W1
while that of the SE-NW CO (8i0) outflow is uncertain. Qutflow parameters obtained from
the CO 2-1 line, reveal that the N1-S1 CO outflow is tracing the smaller scale and higher
velocity outflow from the driving source than the C!80 outflow detected by the single-dish
observations. Furthermore, the relationships between time-dependent outflow parameters
(mass lose rate, force, and luminosity) and with the source luminosity have the similar
relationships shown in low-mass to high-mass regime, suggesting the star-forming mode
in G25.82 is likely a scaled-up version of low-mass star formation. Detection of multiple
high-mass starless/protostellar cores and candidates without low-mass cores implies that
HM-YSOs could form in individual high-mass cores as predicted by the turbulent core
accretion model. If this is the case, the high-mass star formation process in G25.82 would

be consistent with a scaled-up version of low-mass star formation.
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