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ABSTRACT 
The positions and structure of H20 masers associated with four long-period variable stars (RX Boo, R Aql, 

RR Aql, and NML Cyg) have been measured, using the VLA with a spatial resolution of 0"07. The H20 
features appear to be unresolved knots (<0"07) distributed over not more than ~0:4. There are sometimes 
more than one maser condensation per synthesized beam. For the Mira variables R Aql and RR Aql the 
velocity and spatial structure change considerably with time, based on measurements at two epochs separated 
by 15 months. The estimated sizes of the H20 maser regions are - 8 x 1014 for RX Boo, R Aql, and RR Aql, 
exceeding previous estimates for Mira variables by nearly a factor of 10. The supergiant star NML Cyg has 
the largest maser region (1016 cm) which is comparable to that of VY CMa. 

The positional accuracy for individual maser features ranges between 0"03 and 0"09 and is referenced to the 
position of extragalactic radio sources. However, the precise location of the maser emission relative to the 
stellar photocenter can be determined only at the O'.T level because simple geometrical models for expansion 
do not fit the velocity and spatial distributions of the emission. Therefore, there may be difficulties when using 
the H20 maser emission to compare the relationship of stellar reference frames such as the FK4 to the radio 
reference frame defined by extragalactic radio sources at levels less than O'.T. 
Subject headings: interferometry — masers — stars: circumstellar shells — stars: late-type — 

stars: long-period variables — stars: radio radiation 

I. INTRODUCTION 
Studies of the maser emission associated with late-type stars 

are useful for examining the mass outflow in circumstellar 
regions. The structure and kinematics of the outer envelopes 
(>100 AU) of late-type stars can be studied with the 18 cm 
ground-state rotational transitions of OH (Bowers, Johnston, 
and Spencer 1983). Because of its higher excitation require- 
ment, the 22 GHz H20 maser probes regions of higher tem- 
perature closer to the star. 

Very long baseline interferometer (VLBI) observations by 
Spencer et al. (1979) of the late-type stars RT Vir, W Hya, RX 
Boo, and RR Aql showed that the water vapor masers were 
confined to a small region near the stars (< 1014 cm) and had 
apparent core sizes of 0.5-2 x 1013 cm. In contrast, the diam- 
eter of the water vapor masering region associated with the 
supergiant star VY CMa is ~5 x 1015 cm (Rosen et al. 1978). 

To extend the VLBI results, we have observed four late-type 
stars with strong H20 masers in order to map the distribution 
of the emission with a lower spatial resolution (~0''07) and to 
obtain precise positions of the masers which we subsequently 
compare to other high-quality positions. The stars observed 
include the Mira variables R Aql and RR Aql, which are con- 
veniently close to each other in the sky, the SRb semiregular 
variable RX Boo, and the supergiant star NML Cygnus. 

II. THE OBSERVATIONS 
The stars were observed using the Very Large Array of the 

National Radio Astronomy Observatory2 in the standard A 
configuration. On 1981 January 9 R Aql, RR Aql, and NML 

1 Also at Sachs/Freeman Associates, Bowie, MD 20715. 
2 The National Radio Astronomy Observatory is operated by Associated 

Universities, Inc., under contract with the National Science Foundation. 

Cyg were observed for five scans of 20 minutes each. On 1982 
March 22, RX Boo, R Aql, and RR Aql were observed for 
seven to eighteen scans of 12 minutes each along with observa- 
tions of nearby calibrators. The 1981 data were taken in left 
circular polarization, while in 1982 right circular polarization 
was used. All the observations used a total bandwidth of 3.125 
MHz (42.2 km s-1). In 1982, 64 spectral channels with a 
resolution of 1.3 km s-1 were used; in 1981 128 spectral chan- 
nels doubled the resolution to 0.66 km s-1 after Hanning 
weighting. In 1982 March, 12 antennas were used with spacings 
ranging from 47 to 2.5 x 103 kL In 1981 January, nine 
antennas were used with spacings ranging from 41 to 1.8 x 103 

kA. The lower spectral resolution and greater number of 
antennas resulted in an improved dynamic range for the 1982 
data. The flux density scale was established by assuming the 
flux density of 3C 286 to be 2.55 Jy at 22.2 GHz (Baars et al. 
1977). The data were reduced in the standard manner using 
nearby calibrators to establish the system phase and ampli- 
tude. The positions of Witzel and Johnston (1982) were 
assumed for the calibrators. The data were then self-calibrated 
using the AIPS (Astronomical Image Processing System) as it 
existed in 1982 March. 

in. RESULTS 

a) Presentation of the Maps 

In this section profiles and maps of the H20 emission from 
each star are presented. All spectral profiles were obtained by 
scalar averaging only the short baseline data. Maps are pre- 
sented for velocities where the emission was resolved into more 
than one spatial component. The velocity with respect to the 
local standard of rest and the peak map flux density (janskys 
per beam) are given in the upper left corner of each map. 
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CHANNEL NUMBER 
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Fig. la.—H20 spectrum of RX Boo at epoch 1982.2. The LSR velocities are based on a rest frequency of 22235.080 for the 516—> 616 transition of H20. The 
velocity resolution is 1.3 km s_ ^ Every other channel is independent, since Hanning weighting was used. 
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RIGHT ASCENSION 
Fig. lb.—Maps of individual channels of the spectrum displayed in Fig. 1. The center velocity and peak flux density per beam are presented in the right-hand 

corner of the individual maps. The contour levels are -1%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, and 100% of the peak flux density per beam. The feature at 
7.3 km s_ 1 is unresolved and is typical of the synthesized beam. The coordinates of right ascension and declination are not current in an absolute sense since the data 
were self calibrated, but the relative positions from map to map are correct. The cross represents a fiducial for comparison of the maps. 
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i) RX Boo 
During 1982 March, RX Boo’s H20 emission ranged from 

— 10 to +9 km s_1 with strong peak emission at 6 km s-1. 
Figure la shows the average emission observed over the short 
spacings less than 5 k/L Maps at individual velocities are dis- 
played in Figure lb and indicate that the H20 emission is 
spread over ~0"2 among three principal condensations. The 
features at 7.3 through 4.6 km s-1 are single unresolved fea- 
tures and represent the response of the VLA to a single point 
source. At other radial velocities, the maps may be represented 
by two to three components. The map at 8.6 km s-1 may be 
modeled as three components. Two of these three components 
make up the strong 2.7 Jy source at 8.6 km s-1. There may be 
other spatial features. The dynamic range of the maps is of 
order 100:1. There may be weak features present in the emis- 
sion that are below the level of the dynamic range of the maps. 

ii) R Aql 
This source was observed in 1981 and 1982. The spectra for 

1981 January and 1982 March are displayed in Figure 2. Peak 
emission occurs at 50.4, 48.0, 45.8, and 40.8 km s-1. The maps 
of this emission are shown in Figures 3a and 3b for 1981 and 
1982, respectively. There is emission distributed over 0"3. In 
1981, the emission was dominated by two centers of activity 
separated by O'.Tl along p.a. ^ 140°, as is evident from the 49.0 
km s -1 map. The southern component appears to be present at 
all velocities, but the northern component is present only at 
v > 47 km s- ^ The emission in 1982 also appears to consist of 

CHANNEL NUMBER 

Fig. 2.—H20 spectrum of R Aql for epoch (a) 1981.0 and {b) 1982.2. The 
velocity resolution is 0.66 and 1.3 km s_1 for 1981 and 1982, respectively. The 
velocities are with respect to LSR. 

two dominant components. Inspection of the 48.0 km s-1 map 
shows the component separation to be 0'.T2 at p.a. = —73°. 
The absolute position of the 1981 map is not well determined, 
but the change in component separation and position angle 
suggest that the emission structure at a given velocity may 
have varied slightly between the two epochs. 

iii) RR Aql 
Figure 4 displays the H20 spectra for 1981 and 1982. The 

structure and velocity range of the emission has changed quite 
noticeably between the two epochs. The dominant spectral 
features in the 1981 spectrum are at 27.3 and 25.3 km s-1, but 
in the 1982 spectrum there are features at 34.8, 29.4, and 26.5 
km s~ ^ Maps are shown in Figure 5 only for epoch 1981. The 
maps for epoch 1982 are not shown because little or no 
extended emission is seen at any velocity. Some of the maps in 
Figure 5, especially at 27.3 km s-1, appear to be resolved but 
may be modeled as spatial blends of two components separat- 
ed by less than a beamwidth. 

iv) NMLCyg 
The spectrum of the H20 emission associated with the 

supergiant NML Cygnus is displayed in Figure 6, together 
with maps of the relevant channels. This emission is distributed 
over an angular scale of O'!4 with the low-velocity ( — 20 to — 15 
km s ~x) emission extended over an area of ~ 0''2 and separated 
from the weak, unresolved high-velocity (5 km s-1) emission 
by 0'.'35 along a position angle of —50°. The emission appears 
to be two-sided, since the —15.5 and 5.9 km s_1 maps display 
emission of almost equal flux density. The features at -16.8 
and —15.5 km s-1 appear to be quite complex, but may be 
represented by a maximum of three components. 

Inspection of light curves (Mattei 1984) for RX Boo, R Aql, 
and RR Aql, and using the periods and epochs reported for R 
Aql, RR Aql, and NML Cyg by Herman (1983), indicates that 
for the 1981 January 9 observations the light curve of R Aql 
was at phase 0.99 and magnitude 6.2 F, RR Aql was at phase 
0.08, while NML Cyg was at phase 0.74. On 1982 March 22 R 
Aql was at phase 0.55 and magnitude 10.6F, RR Aql was at 
phase 0 16, and RX Boo was at magnitude 7.7F. The maser 
flux density for R Aql is 4 times as intense at phase 0.99 than at 
phase 0.55. The maser emission appears to be spread out over a 
larger area at phase 0.55. This may be due to real motion or 
may simply be due to the dynamic range of the maps. 

b) Source Positions 
The position of a bright compact maser feature for each star 

is given in Table 1. In the case of RX Boo, RR Aql, and NML 
Cyg the spectral feature whose position was measured appears 
to be a single maser feature at a dynamic range of 20:1. The 
feature used in RR Aql had a flux density of 2.5 Jy. In the case 
of R Aql, the 40.1 km s-1 feature was chosen which may be 
represented as a double with a 20:1 flux density ratio, as seen 
by inspection of Figure 3b. The second column is the radial 
velocity of the maser feature. The third column is the flux 
density of the feature. The fourth column is the right ascension 
and declination of the maser feature. Columns (6), (7), and (8) 
list the calibrator, its right ascension, and its declination, 
respectively. These positions are the sum of the measured arc 
between the calibrator and the maser emission, where the 
adopted position of the calibrator is listed in Witzel and John- 
ston (1982). As such, these positions are based on the extra- 
galactic radio source reference frame defined by the catalog of 
Witzel and Johnston (1982). In relating these positions to the 
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Fig. 3a.—Maps of individual channels of the spectrum of R Aql in 1981. The contour levels are —5%, 5%, 10%, 15%, 20%, 30%, 50%, and 75% of the peak 
flux density per beam. Other comments are as in Fig. lb. 

optical stellar positions, two questions immediately arise. (1) 
Where is the maser feature in Table 1 located with respect to 
the stellar photosphere? This question is discussed in § IVc. (2) 
What is the relationship of the position of the calibrators used 
in this study to the optical FK4 system? From a comparison of 
the optical and radio positions of 28 extragalactic radio 
sources listed in Witzel and Johnston (1982), de Vegt and 
Gehlich (1982) find that there are discrepancies of 0'.'2 between 
the optical FK4 system and the radio positions. These two 
error sources are not included in the positional errors listed in 
Table 1. 

The errors listed in Table 1 are the sum of (1) errors in 
measuring the arc length between the maser position and cali- 
brator and (2) the error in the calibrator position as listed in 

Witzel and Johnston (1982). Only in the case of RX Boo did the 
position errors of its calibrator 1404 + 286 significantly con- 
tribute to the error listed in Table 1. The error in determining 
the arc length between the maser and calibrator can be 
expressed as an effective baseline error. The baselines are con- 
servatively estimated to have random errors of 0.1 nanosecond 
which are caused mainly by tropospheric phase noise during 
the observations and the previous estimate of the baselines. 

Although it is not possible to obtain a 1981 position for R 
Aql and RR Aql relative to 1741—038 because of calibration 
problems, we can measure their relative 1981 position and 
compare it to the 1982 relative position. When the apparent 
motion is changed to an annual rate, we obtain a proper 
motion measurement of R Aql relative to RR Aql of Aa = 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
85

A
pJ

. 
. .

29
0 

. .
66

0J
 

664 JOHNSTON, SPENCER, AND BOWERS 

0Q°09l0&0 

0Q°09 oe 'A}- 

^ 08 09 08 4 
O 
lO 
CD 

Z 
O 
I- 
< 

O 
LJ 
Û 08°09 

h ' j-i- L 1 LL ^ I T I  ^ J  I I T l I I I I • 
19 03^7^1 57s69 5767 57S7I 57s69 57^7 57S7I 5769 5^7 

RIGHT ASCENSION 
Fig. 3b. Maps of individual channels for the spectrum of R Aql in 1982. The contour levels are the same as Fig. 3a. Other comments are as in Fig. lb. 

0S001 ± 0S002 yr_1 and AÔ = -O'.'OB ± 0'.'05 yr“1. With only 
~ 1 yr between the observations, this is only an upper limit, but 
it is consistent with the cataloged values, and the method 
shows promise of obtaining an improved value in a few years. 

IV. DISCUSSION 
a) Sizes of the Emission Regions 

In Table 2 we list for each star the estimated distance, char- 
acteristic angular size of the H20 maser region, and the corre- 
sponding linear size. Distances to R Aql and RR Aql have been 
estimated by Bowers and Hagen (1984) from a period- 
luminosity-spectral class relation. RX Boo is a semiregular 
variable without a well-defined period; the distance is esti- 
mated by assuming a bolometric luminosity of 104 L0 (Knapp 
et al 1982). The distance to the supergiant NML Cyg is based 

upon the distance to the Cyg OB2 association (Morris and 
Jura 1983; Bowers, Johnston, and Spencer 1983). Estimated 
errors are ^ 20%. 

Table 2 shows that the H20 is distributed over regions 
ranging from ~45 to 720 AU in size. The linear extent of the 
H20 maser region is largest for the supergiant NML Cyg, and 
it is comparable in diameter to that of ~ 300 AU found for the 
supergiant VY CMa (Rosen et al. 1978). The size of the maser 
region associated with the Mira variable RR Aql was pre- 
viously estimated to be <1014 cm (Spencer et al. 1979). This 
estimate is too small because only the strongest spectral feature 
was detected with an angular resolution of O'.'OIO. In addition, 
none of the spectral features in R Aql (peak flux = 240 Jy) were 
detected by Spencer et al. (1979), indicating that the apparent 
sizes of some of the individual masers are larger than O'.'OIO. 
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CHANNEL NUMBER 
O 20 40 60 80 100 120 

RADIAL VELOCITY (Km s“') 
Fig. 4.—H20 spectrum for RR Aql in {a) 1981.0 and (b) 1982.2. The veloc- 

ity resolution is 0.66 and 1.3 km s_1 for 1981 and 1982, respectively. The 
velocities are with respect to LSR. 

The VLA maps show all the features to a level of 1 Jy. At this 
level, the diameters of the maser regions for Mira variables 
appear to be ~8 x 1014 cm if the sizes of R Aql and RR Aql 
measured here are representative. If the size of Mira which has 
been determined from speckle interferometry to have a diam- 
eter of 3.2 x 1013 cm (Bonneau et ai 1982) is typical of Mira 
variables, then the maser region is 20 times the stellar diameter. 
Using the mass-loss rates and velocity of expansion from 
Bowers, Johnston, and Spencer (1983), the average H2 density 
of the maser regions is 3 x 107, 7 x 107, and 9 x 106 cm“3 for 
R Aql, RR Aql, and NML Cyg, respectively. The outer radius 
of the 1612 OH maser regions (Bowers, Johnston, and Spencer 
1983) are 1200, 400, and 5400 AU for R Aql, RR Aql, and 
NML Cyg, respectively. Thus the OH maser region is 15-50 
times larger than the H20 maser region. 

The H20 masers are located outside the estimated conden- 

TABLE 2 
Characteristics Sizes of H20 Maser Regions 

Linear 
Distance Angular Diameter 

Star (pc) Diameter (A.U.) 

RX Boo    225a O'!2 45 
R Aql  170b 0.3 51 
RR Aql  560b ~0.1 56 
NML Cyg  1800c 0.4 720 

a Knapp et ai 1982. 
b Bowers and Hagen 1984. 
c Bowers, Johnston, and Spencer 1983. 

sation radius (~ 10 AU) for silicate-type dust grains believed to 
be present in these oxygen-rich envelopes. The relatively large 
radii at which the H20 masers are located, combined with the 
correlation of the microwave H20 flux with the optical/ 
infrared light curves (Schwartz, Harvey, and Barrett 1974), may 
suggest an infrared pumping mechanism. An alternative model 
of collisional pumping (Deguchi 1977) predicts that the H20 
masers should be located much closer (<2 AU) to the star. 
However, the H20 masers are located sufficiently close to the 
central stars that a different model of collisional pumping may 
be possible (see Cox and Parker 1978). 

b) Structure of the Emission Regions 
The H20 emission probably occurs as unresolved knots 

(<0'T) distributed over not more than a few tenths of an 
arc second. Each of the maps presented may be modeled by 
three or less components. Some of the components are 
spatially blended because their separation is less than a 
beamwidth (0'.'07). There is no clear indication for extended 
emission with the present spatial resolution and dynamic range. 

The clumpy nature of the H20 maps complicates the inter- 
pretation. In addition, the profiles demonstrate that the struc- 
ture and velocity range of H20 emission can vary considerably 
with time. Thus, data obtained at a given epoch do not neces- 
sarily reflect the entire velocity range of the H20 region. Table 
3 summarizes the velocity ranges for H20, as well as estimates 
of the systemic radial velocity V0 and the velocity ranges for 
transitions associated with molecules distributed in the outer 
envelope. For R Aql and NML Cyg, the detected velocity 
range for H20 is considerably less than for SiO or OH. For R 
Aql and RR Aql, temporal variations of as much as a factor of 
2 in the velocity ranges are evident from comparison of H20 
data at two epochs. It is clear that the profiles and maps at any 
given epoch must be interpreted with caution. 

To determine how the data presented in the maps may be 
related to the underlying geometry and kinematics and to the 
stellar position, we summarize in Figure 7 the positions and 
velocities of all map features for the three stars RR Aql, R Aql, 
and RX Boo. Crosses in Figure 7 represent velocities V 
approximately equal to the stellar radial velocity V0 to within 
the uncertainties given in Table 2. Filled and empty circles, 
respectively, represent features with F < F0 or V > V0; filled 
and empty triangles represent the extreme low and high veloc- 
ity features. 

In a spherical outflow expanding at a constant velocity, the 
positions of the extreme low and high velocity features should 
be coincident at the position of the star; features at F ^ F0 
should be distributed in ringlike structures centered at the 
stellar position. There is good evidence from high-resolution 
OH data that this model is correct, to first order, for the outer 
(> 1000 AU) envelopes of most late-type stars (Bowers, John- 
ston, and Spencer 1983). Evidence for this model is not as 
apparent for the H20 data. Figure 7 shows that there are not 
significant differences between the extent over which low, 
middle, or high velocity ranges are distributed. The dramatic 
changes with time in the velocity range and map structure for 
R Aql and RR Aql demonstrate the difficulties of interpretation 
imposed by the variable emission. Good positions relating 
maps at different epochs are needed to obtain the complete 
velocity structure of the circumstellar shell. For example, the 
overall distribution for R Aql appears to be elongated at each 
epoch, but the position angle and size of the region are 
different. 
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CIRCUMSTELLAR H20 MASER EMISSION 667 No. 2, 1985 

Both maps for R Aql show a tendency for the low-velocity 
emission to be distributed over a smaller angular extent than 
the high-velocity emission. We interpret this as evidence that 
the dominant kinematic mode is expansion. The velocity range 
of the H20 emission is biased toward the low-velocity end of 
the entire velocity range detected for thermal SiO and 1612 
MHz OH (Table 3). The so-called high-velocity H20 features 
are actually very near the estimated stellar radial velocity, and 
thus should have the largest angular distribution. However, 

there are probably significant transverse or radial velocity gra- 
dients (e.g., turbulence) in the region. The extreme low velocity 
emission for 1981 is near the center for the overall distribution, 
but the 1982 data show two components at an even lower 
velocity. 

For NML Cyg there is evidence from the OH data of an 
underlying spherical, expanding geometry severely perturbed 
by the ambient interstellar UV radiation field (Bowers, John- 
ston, and Spencer 1983). If this is the case for the H20 region, 
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Fig. 6.—H20 emission associated with NML Cygnus (epoch 1980.0). The intensity profile as obtained using the 0.8 km baseline at 22235 MHz is displayed as a 
function of LSR radial velocity. The VLA maps have contour levels of-5%, 5%, 10%, 15%, 20%, 25%, 35%, 50%, and 75% of the maximum. The velocity 
resolution of each map is 0.66 km s- ^ Other comments are as in Fig. lb. 

the low-velocity components in Figure 7 are likely to be near 
the stellar position determined from the OH data. The velocity 
of the high-velocity component (5.9 km s-1) is near the stellar 
velocity (Table 3), consistent with its large positional offset 
from the low-velocity features. 

In summary, the velocity and the spatial structure of H20 
emission vary strongly as a function of time. Our data are 
consistent in some respects with expanding, spherical outflow 
but certainly do not rule out more complicated kinematic or 
geometric models. For example, significant velocity gradients 
may exist caused by turbulence or radial acceleration of the gas 
to its terminal velocity. In some cases (e.g., R Aql) the geometry 
of the region may be nonspherical ; in other cases (e.g., NML 
Cyg) the H20 data alone tells us very little about the under- 
lying geometry or kinematics. It is evident that observations at 

a large number of epochs will be needed to understand the 
nature of the H20 regions. 

c) Positions of the Stars 
The positions of the H20 emission features should be very 

close to the stellar photocenter which is presumably located 
somewhere within the maser region. The optical positions 
which are listed in Table 1 thus should lie somewhere in the 
maser region. However, as stated earlier, the maser positions 
are based upon the radio reference frame defined by the catalog 
in Witzel and Johnston (1982), while the optical positions are 
based upon the FK4 stellar reference frame. The relationship of 
the FK4 with the radio reference frame has not yet been estab- 
lished. At best the two reference frames may be coincident 
within 0'.T-0'.'3. Comparison of the optical and radio positions 
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TABLE 3 
Comparison of Velocity Ranges for Various Species 

Star Species 
V0 Velocity Range 

(kms-1) (kms-1) Reference 

RX Boo h2o 
SiO 
CO 

-2.0 ± 1.0 
+ 3.8 ± 1.0 

-11.2, +8.6 
-13.7, +9.7 
-4.0, +11.6 

R Aql . H20 (1981) 
H20 (1982) 
SiO 
OH 

+ 48.7 + 0.8 
+ 47.4+ 1.0 

+ 43.7, +49.6 
+ 40.1, +50.6 
+ 37.0, +60.4 
+ 39.2, +55.6 

RR Aql H20 (1981) 
H20 (1982) 
OH + 27.8+1 

+ 23.4, +29.6 
+ 19.7, +36.9 
+ 21.0, +34.6 

NMLCyg . h2o 
SiO 
SiO 
OH 

+ 4.3 ± 1.0 
-2.0+ 1.3 
-1.2+1 

-19 , +6 
-25.1, +33.7 
-29.5, +25.5 
-28.9, +26.5 

References.—(1) This paper; (2) Morris et al. 1979; (3) Knapp et al. 1982; (4) 
Bowers, Johnston, and Spencer 1983 ; (5) Wolff and Carlson 1982. 

at this level is satisfactory but, unfortunately, does not locate 
the star in the maser emission region. These positions do not 
contain the effects of the proper motions of the stars. We have 
been very careful to present optical and radio positions mea- 
sured at epochs close in time. The proper motion of R Aql is 
known to be 0S002 yr-1 in right ascension and — 0'.'069 yr-1 in 

RX Boo 1982 

R Aql 1981 R Aql 1982 

RR Aql 1981 RR Aql 1982 

Fig. 7.—Summary of the positions and velocities of the H20 features for 
the stars RX Boo, R Aql, and RR Aql. Crosses indicate velocities approx- 
imating the stellar radial velocity V0. Filled or empty circles represent features 
with velocities V < V0 and V > V0, respectively. Filled and empty triangles 
represent the extreme low and high velocity features. 

declination. Since the maximum separation of the optical and 
radio measurements is 3 yr (RR Aql), the lack of proper 
motions should contribute on the O'T scale when comparing 
positions. 

Accurate positions of three of the stars have been obtained 
from OH maser emission by measuring the position of the 
extreme velocity features. Table 1 shows that the OH positions 
agree with the optical and the H20 maser positions at about 
the 0'T level. The OH positions also are referenced to the radio 
reference frame. Improved accuracy ( < 0'.'05) in the OH stellar 
positions could allow us to place the position of the star within 
the H20 maser emission independent of optical measurements 
since both the OH and H20 measurements are referred to the 
extragalactic radio reference frame. 

From the errors of the radio and optical positions presented 
here, measurements of a large number of stellar H20 masers at 
several epochs together with their optical positions could even- 
tually define the relationship of the FK4 with the radio refer- 
ence frame at the ~0'.T level over the entire sky. From this 
study we see no reason to place the star at any particular 
position in the maser region, which for these stars is a few 
tenths of an arc second in extent (see Fig. 7). Detailed models of 
the geometry and velocity fields of H20 masers will be needed 
to determine the position of the star in the maser region in 
order to relate the optical and radio reference frames at levels 
<0'.T. 

V. CONCLUSIONS 

High-resolution (0'.'07) observations of H20 maser emission 
associated with four stars have revealed that (a) the maser 
features generally are unresolved and are distributed over 
linear diameters ranging from 45 to 720 AU ; (b) a simple model 
of constant expansion does not fit the velocity/spatial distribu- 
tion of the emission; (c) the location of the maser emission 
relative to the optical photocenter is difficult to determine at 
levels of 0'T. 

We acknowledge the AAVSO observational data sent to us 
by the director, Janet A. Mattei. 
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