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Abstract. OH/IR stars are low- to intermediate-mass stars (about 0.5-8 solar masses) in the
AGB phase, and are considered to be in the process of evolving from Mira variables to planetary
nebulae. We aim to understand the evolutionary stages of these AGB stars by approaching them
from astrometric VLBI observations with VERA. In 2017, we have started VLBI observations
of several OH/IR stars including OH39.7+1.5 presented in this poster. We observed the HoO
maser of OH39.7+1.5 and obtained an annual parallax of 0.55 + 0.03 mas (distance D = 1.81
+ 0.12 kpc). Using this annual parallax, we revealed distribution (about 35 au square), internal
motions, and expansion velocities (average about 15.4 4 5.1 km s~ ') of the maser spots. We
compared expansion velocity of HoO maser with that of OH maser and found to be consistent
across the error range. This suggests that the radial velocity of HoO gas around OH39.7+41.5
has reached a terminal velocity. OH39.7+1.5 has not data on annual parallax or proper motion
in Gaia DR3, and this is the first time that annual parallax has been measured.
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1. Introduction

Stars with initial mass of low- to intermediate-mass experience an asymptotic giant
branch (AGB) phase at the end of their evolution. OH/IR stars are considered to be in
the AGB phase, the stage of evolution from Mira variables to planetary nebulae (Herwig
2005). This phase is the late AGB phase. The late AGB phase is a very short time in
their lives, although the details of the stellar evolution are unclear. We intend to system-
atically study the evolutionary process and the circumstellar structure by estimating the
distance from the annual parallaxes obtained from astrometric VLBI using the VERA
and investigate the distribution and motion of the circumstellar maser.

2. Observations
2.1. VLBI Observations

We observed HoO maser at 22GHz of OH39.74+1.5 using the VLBI Exploration of
Radio Astrometry (VERA) at 22 epochs from October 3, 2019 to May 22, 2022 with
an interval of about one month. The VERA is a VLBI array which consists of four 20
m aperture radio telescopes located at Mizusawa, Iriki, Ogasawara, and Ishigaki-jima.
Each antenna of VERA has a dual beam system, which is excellent for measuring the
annual parallax of dusty AGB stars like OH/IR stars. The VERA cancel out the phase
fluctuation caused by atmosphere by simultaneously observing a target and position
reference source (J18564+0610) with dual-beam system. The bandwidth of OH39.741.5
is 1 IF (16 MHz), divided into 512 channels, with a frequency resolution of 31.25 kHz.
This corresponds to a velocity resolution of 0.42 km s~! at 22 GHz. The bandwidth of
J1856+0610 is 15 IF (240 MHz), each 16 MHz IF divided into 32 channels.
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Figure 1. (a) Annual parallax of OH39.7+1.5 and (b) H2O maser distribution and internal
motion.

2.2. Target source

OH39.7+1.5 (also named as RAFGL 2290,V1366 Aqgl, and IRAS 185604-0638) is an
OH/IR star with a spectral type of M II. It has emissions of SiO, HoO, and OH masers.
From previous studies, the pulsation period is known to be 1360 days from monitored
observations of the OH maser, and OH 39.741.5 is a candidate for an Extreme-OH/IR
star. OH39.7+1.5 has no data on annual parallax or proper motion in Gaia DR3.

3. Results and Discussion
3.1. Parallax of OH39.7+1.5

We determine an annual parallax of OH39.741.5 using positions of maser spots
detected in the phase-referencing analysis (Figure 1(a)). From 9 out of 16 VLBI obser-
vations, we found 10 HoO maser spots in 6 velocity channels. As a detection threshold,
we adopted a signal to noise ratio of 7. We derived a parallax of 0.55 + 0.03 mas. This
corresponds to a distance of 1.81 4+ 0.12 kpc. OH39.7+1.5 has no data on annual parallax
or proper motion in Gaia DR3, and this is the first time that annual parallax has been
measured.

3.2. Hy O maser distribution and internal motion

In Figure 1(b), we presented distribution of maser features integrated over 91 velocity
channels (velocity width 38.2 km s~!) and internal motion of HyO maser spots. Maser
spots detected three or more times were used to estimate internal motion. The map covers
an area of 40 mas x 40 mas (about 72 au x 72 au). The maser spots are distributed from
northeast to southwest over an area of about 35 au. The average expansion velocity is
15.4 4+ 5.1 km s !, which is indicative of the expansion velocity of the H,O maser of a
typical AGB star (Hofner & Olofsson 2018). In a previous study, the expansion velocity of
the OH maser of OH 39.7+1.5 was obtained to be around 16.5 km s~! (Baud & Habing
1983). Since the HoO maser is accelerated to the same degree as the OH maser, it is
considered to be approaching the terminal velocity. The maser distributions of the two
OH/IR stars obtained by our group show the most blue-shifted component consistent
with the estimated position of the central star. The most blue-shifted component of
OH39.7+1.5 is detected about 8 mas southwest of the central star. This distribution is
different from that of previous studies.
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Photographs taken during the social events. Top: Afternoon tea during the excursion,
taken by Ka-Yiu Shum. Bottom: A local vinegar factory visited during the excursion,
taken by Tomoya Hirota.
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Photographs taken during the social events. Top: Observatory of the Sakura-jima vol-
cano, taken by Ka-Yiu Shum. Bottom: Dancing during the banquet, taken by Ryosuke
Watanabe.
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