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Abstract. We have obtained OH and H2O maser emission map of U Ori using the EVN and MERLIN. We achieve
a spatial resolution of about 10 mas for both maser emission lines. Our maps show that H2O masers are found
close to the star, in a well-filled shell with an equatorial density enhancement around U Ori. The OH main line
masers appear to spread biconically out of the water maser shell along the polar axis. It is possible that greater
star light penetration in these directions favours the OH maser population inversion.

1. Introduction

When stars with intermediate mass (<8M¯) reaches at
asymptotic giant branch (AGB) phase, their mass loss
event becomes active and up to 90% of their initial mass
are lost. Investigation of mass losing is very important to
study the evolution of late type star.

A traditional ”onion shell” model for O-rich AGB
or red supergiant (RSG) contains SiO, H2O and OH
maser regions at increasing distances from the star (e.g.
Goldreich & Scoville 1976). Combining these emission
maps with velocity structures, the 3D structure of stel-
lar wind can be investigate.

U Orionis is one of the brightest long-period vari-
ables belonging to the Mira Ceti type. Kholopov et al.
(1985) shows its period of 368 days and its visual bright-
ness and spectral types varies 4.8-13.0 mag and from M6e
and M9.5e, respectively. U Ori is known to be a source
of maser radio emission of OH (Wilson & Barrett 1970),
H2O (Wilson et al. 1972) and SiO (Kaifu et al. 1975).
The mass loss rate and the stellar velocity have been es-
timated 2.9×10−7M¯yr

−1 from the thermal CO line and
−38.1±1.3kms−1, respectively. A recent distance estimate
for U Ori, using the P-Mk dependence and the Hipparcos
data, is ∼300 pc (Knapp et al. 1998).

We have obtained OH and H2O maser emission maps
of U Ori in the same year of 1999. The important things
are (1) high resolution imaging from small to large scale,
(2) measuring changes of structure in time, and (3) use
the chemical properties of the wind to place limits on the
density structure and investigate latitude dependent mass
losing. In this paper, we will compare OH and H2O maser
emission line maps and discuss the mass loss event of U
Ori.

2. Observation and results

We have used European VLBI/global network (EVN) and
Multi-Element Radio Linked Networks (MERLIN) to ob-
serve OH mainlines masers (1665 and 1667MHz) and H2O
maser (22 GHz) of U Ori. Seven antennas with the maxi-
mum baseline of 2279 km were used for EVN. The angular
resolution and velocity resolution are about 30 mas and
0.2 kms−1, respectively. Five antennas with the maximum
baseline of 217 km were used for MERLIN. The angular
resolution and the velocity resolution are about 10 mas
and 0.1 kms−1. In any experiment, a quasar 3C 84 was
observed for calibration of the flux.

We reduced the data as described in Richards et al.
1999 for MERLIN data and followed van Langevelde for
EVN data using AIPS. The data weighted for the best
combination of resolution and sensitivity, mapped in total
intensity and CLEANed using the AIPS task IMAGR. We
fitted 2-D Gaussian components to each patch of emission
in each channel in each data cube in order to measure
the peak flux density, the position relative to the refer-
ence feature used for self-calibration, the total area of the
component and the total flux density. The relative position
uncertainty is typically 1 mas. The fitted components were
grouped into features if three or more components with SN
> 3σ occured in adjacent channels with positions overlap-
ping to within the position error or component size. Non-
matched components were discarded, as were any others
which coincided with beam side lobes.

Fig1. shows a velocity distribution of H2O maser emis-
sion line. There is a single peak located at -38.2 kms−1 in
our experiment and its velocity range varies from -37 to
-38.7 kms−1. The velocity distribution of OH maser has
multi-peak structure and varies from -35 to -40 kms−1.
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Fig. 1. The velocity distribution of H2O maser emission line
of U Ori. The peak flux is located at -38.2 kms−1.

Fig. 2. A composite image of OH and H2O maser emission
maps. The central contour map is for the H2O maser and the
North and the South gray scale spots with contour maps are
for the OH maser.

OH maser spots are split into the North and the South
parts with separation of 250 mas.

3. Discussions

Fig.2 shows a composite image of OH maser emission line
map and H2O maser emission line map. The central con-

tour is of the H2O maser and OH maser spots are splitting
into the North and the South. For H2O maser emission
line, while the strong peak is located at -38.2 kms−1, weak
peaks at the West are located at -37.9 kms−1 and -40.8 to
-42.6 kms−1. There is a possibility that the discrepancy
of the both peaks is due to rotation of the circumstellar
envelope with the NS axis. If this is real, it can be inter-
preted that H2O maser spots localise in the EW lane due
to the equatorial enhancement. Furthermore, existence of
OH maser spots at the North and the South could be that
star light can escape toward the North and the South and
can play a role in favours the OH maser population inver-
sion while it could be absorbed by thick H2O maser cloud
in WE direction.

However, we have to pay attention before making con-
clusions about the scenario above. Because the H2O maser
spots obtained in 1994 (Bains et al. in preparation) don’t
show like Fig. 2. H2O maser emission line map in 1994
shows that the most dominant peak is located at the SW
and a few small spots scatters at NE while the velocity
distribution shows similar structure to that in 1999. No
proof of rotation can be seen in 1994 data. While it is con-
firmed that OH maser spots obtained by Chapmann et al.
1991 in 1987 are split into the North and the South and
its feature has been comparably stable for more 10 years,
H2O maser spots changes in their feature during 5 years
as described above (also see Rudnitskij et al. 2000). To
conclude above scenario, more observations are required.
Monitoring both H2O maser emission line and OH maser
emission lines simultaneously are important way to inves-
tigate the relationship between these maser feature.
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