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1. Introduction 

Evidence for the bar structure in our Galaxy has been shown by Blitz and 
Spergel (1991b) based on the near-infrared maps of the bulge, by Nakada 
et al. (1991) based on IRAS point source catalogue, and more clearly by 
recent COBE maps. However, no clear "dynamical" signature of the bulge 
bar has been found yet. At optical wavelengths, stellar radial velocities of 
the bulge stars were observed only at the optical windows and were not 
observed for the entire region of the bulge because of the dust extinction 
in this direction. 
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The Galactic bulge contains a number of late-type stellar objects which 

emit maser radiation, for example, the OH 1612 MHz maser, and 43 GHz 

SiO masers. The galactic disk is tranparent at radio wavelengths. We can 

survey the bulge stars by SiO masers and obtain the radial velocities of 

bulge stars. We can simultaneouly observe two Unes of SiO near 43 GHz, i.e., 

the J= l -0 rotational Unes at the first and the second vibrationaUy excited 

states. The Nobeyama 45-m radio telescope has a highest sensitivity at 43 

GHz. A part of the result of this survey has been pubUshed by Nakada et 

al. (1993), and Izumiura et al. (1994ab). Radio maser surveys by OH have 

been conducted by several groups. These surveys were mostly devoted to 

the special smaU region of the sky, for example, one square degrees near 

the galactic center with VLA by Lindqvist et el. (1990), or to the entire 

sky, for example, with Dwingeloo-Effelsberg-Parkes (te Lintel- Hekkert et 

al. 1990), Arecibo (Lewis et al. 1990), and Nancay (Le Squeren et al. 1992) 

telescopes. These previous surveys are very extensive and sensitive but not 

devoted to the bulge stars. 

2. Source selection 

The surveyed region is within 15 degrees from the galactic center and the 

sources near the galactic plane (|6| < 3°) are omitted because there are a 

lot of galactic disk sources and contamination is severe. Sources are selected 

by colors, i. e., logarithmic ratio of IRAS 12 and 25 μτη intensities to be 

approximately zero. This enables us to pick up the infrared sources with a 

dust sheU of about Τ = WOK. Also we impose the IRAS 12 μτη intensity 

approximately between 2 and 15 Jy. This condition leads us to pick up the 

infrared sources at the distance of about 8 kpc if the steUar luminosity of 

the sources is 3 X 103LQ . 

Two-color diagram of the observed IRAS sources indicates that the 

detected and undetected sources are uniformly distributed in the selected 

color range. According to the Van der Veen and Habing classification of 

IRAS stars, these sources belong mainly to the type Ilia, oxygen-rich Mira 

variables with opticaUy thick dust. Some sources belong to type Il lb, stars 

with very thick envelope, and to type VIb, the stars thicker at 60 micron. 

The selected stars have dust sheU temperature of about 200-400 K. 

2.1. DISCRIMINATION OF THE DISK SOURCES 

Although we primary select the sources in terms of IRAS colors and inten-

sities, disk sources may contaminate in the samples. To discriminate the 

disk sources, we further use near infrared photometric data and the period-

luminosity relation if available. Whitelock, Feast and Catchpole (1991) mea-

sured the period of bulge IR stars in the JHKL bands, especiaUy for stars in 
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the galactic latitude between 7 and 8 °. The distance to the stars are there-

fore known from period-luminosity relations for the |6| = 7 — 8° strips. For 

this reason we observed the stars in these strips much more than anywhere 

else. 

For sources in regions other than |6| = 7 — 8°, we have calculated the 

probability of a source being the bulge object. The luminosity distribution 

function of of the bulge IRAS sources can be obtained from the period-

luminosity relation given by Whitelock et al. (1991). From this luminosity 

distribution, we can calculate the probability of the distance to the partic-

ular source being within 3 kpc from the galactic center. We have regarded 

the sources with the bulge probability of more than 50 % as bulge sources 

and omit the sources with probabilities less than 50 % as disk sources. By 

this method, we have assigned about 25 % of sources as disk sources. 

3· Observations 

The intensities of the two lines, SiO J= l -0 rotational lines from the v = l and 

2 states are comparable. In most of sources, two lines of SiO appear at the 

same radial velocity. This fact secures detections very much for weak sources 

in this survey. The maser intensity varies very much. For example, we have 

observed IRAS 17042-2833 several times. In the first two observations, we 

could not detect the line. However, at the third observation, two years later 

from the first observation, we got the clear SiO signals. We have repeated 

the observations several times for undetected sources. 

3.1. SIO-OH VELOCITY COMPARISON 

The SiO maser velocity is a good indicator of the stellar velocity (Jewell 

et al. 1991). About 27 SiO sources have OH 1612 MHz masers with the 

typical double peak profile which is considered to form in the front and 

receding part of the expanding shell of the star. The center velocity of OH 

double peaks has been considered as the stellar velocity. For 27 sources, the 

SiO velocity lies within a 2fcras~ 1from the center velociy of OH. This is a 

strong indication of the SiO velocity equals to the stellar velocity. 

3.2. ROTATION OF THE BULGE STELLAR SYSTEM 

The main result of this survey is the plot of radial velocities of SiO masers 

with galactic longitude (figure 1). The radial velocity used here is the ve-

locity in the galactic standard of rest, in which the galactic rotation of 

220 km s"1 of the local standard of rest is subtracted. The best linear fits are 

shown with the solid line (bulge sources) and dot-dash line (disk sources). 

The dots deviate from the best fit line appreciably by about 80 km s - 1 and 
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Figure 1. Velocity-Longitude plot for the bulge and disk SiO maser sources. 

this would be a random motion of stars in the bulge. The inclination of the 
best fit line is about 10 km s~l per degree for bulge sources. This means 
the galactic bulge stellar system is rotating around the galactic center. A 
simple computation leads to a rotation period of approximately 9 X 107yr 

and an approximate bulge mass of about 1.4 χ 1 Ο 1 Ο Μ 0 in 2.6 kpc. 

One peculiarity imediately recognizable in figure 1 is that the radial 
velocity is shifted by about 20 km s"1 from zero at 1=0° . This is quite 
peculiar because we have a net movement of bulge stars. If we see the best 
fit to the disk sources, the average shift at the zero longitude is nearly equal 
to zero. So that the radial velocities of disk stars behave as expected. 

3.3. WHAT CAUSES THE VELOCITY SHIFT ? 

We can consider three explanations for the average overall velocity shift. 
One is a motion of the local standard of rest, which may be moving toward 
the galactic center direction. However, this contradicts to the conclusion 
derived from classic works of HI rotation curve. Kerr (1962) or a recent 
result of Blitz and Spergel (1991a) concluded that the local standard of 
rest is moving away from the galactic center with about lAkms~l. Of 
course, this is based on the measurements of HI profile, so that it reflects 
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the gas motion. Our measurements are based on the stars, so that the gas 

may have a peculiar motion to the stars. 

3.4. TILT OF THE BULGE 

The other potential explanation of the velocity shift is observational selec-

tion. If the bulge is tilted, the radial velocity must be shifted to the negative 

side for north strip sources and to the positive side for south strip sources. 

When we observe the bulge from the nothern hemisphere (at Nobeyama), 

the negative latitude sources may be undersampled. In such a case, the 

average velocity may be shifted to the negative side. 

To check this possibility, we have plotted the north and south bulge 

sources separately in the Velocity-Longitude diagram. The best fit curves 

show that the radial velocities for north bulge sources are shifted by about 

10 km 5 _ 1 on average from the radial velocities for the south bulge sources. 

This indicates that the axis of the bulge stellar system is tilted by about 6 

degree from the galactic longitude circle. This result concides with the pre-

vious measurement of the tilt of nuclear disk within a observational error, 

for example, by Burton and Liszt (1978), using HI 21 cm Une. However, we 

have to stress that taking into account the tilt of the bulge, we stiU get a 

net shift, i.e., the average of two rotation curves of north and south bulge 

sources, of about 19 km s _ 1 . 

3.5. POSSIBILITY OF THE BAR STREAMING MOTION 

The other possible cause for the velocity shift is another observational selec-

tion effect, that is, the streaming motion of stars in the bar-Uke potential. 

When the bulge is elongated, the stars observed from the sun must take 

an elUptical orbit in Velocity-Longitude diagram. When the elUpticity pa-

rameter of the bar varies, the orbit changes. If observers selectively pickup 

forefront stars, that is, brighter stars, we have more stars with negative 

radial velocities on average. So that the streaming motion may cause the 

average velocity shift in the Velocity-Longitude map. Probably this is a 

signature of the dynamics of the bar-Uke bulge, unless the local standard 

of rest is moving toward the Galactic center. 

3.6. PRESENCE OF FOBIDDEN REGIONS 

Another pecuUarity to be mentioned is that there are forbidden regions in 

V-L diagram. There are regions in which no star faUs at (F, Z) = (60 ± 

35 feras"1,3.5 ± 1°) and (70 ± 4 5 k m s ~ l , - 3 . 3 ± 1.5°). This may be an 

indicator of streaming motion of the bulge which is caused by the bar-Uke 

or elongated structure of the bulge potential. These holes are not so large, 
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and not so clear, so that it may be regarded as statistical fluctuations. The 
probability of the hole being present in the figure is approximately 0.3 % if 
the star distribution is random. 

We have compared the longitude-velocity map of bulge SiO maser stars 
with the map of the 21 cm HI Une in the nuclear disk with the same 
galactic longitude. The HI map was taken from Burton and Liszt (1978). 
The location of SiO holes are quite close to the location of the contour 
dips of HI. HI therefore shows similar dynamical behavior in terms of the 
forbidden regions. We should note that the HI nuclear disk is on the galactic 
plane, that is, in |6| < 2°. However, the bulge SiO maps shown here is the 
data with |6| > 3°. So that there are no reason to beUeve that the dynamics 
of the disk HI gas is similar to the dynamics of SiO maser stars in the 
bulge if the gas and stars move independently. Only one explantion for this 
coincidence is that the bulge is bar-Uke and the streaming motion of bulge 
stars influences to the gas motion in the nuclear disk. 

4. Conclusion 

We have observed 313 IRAS sources on the bulge direction and detected 
SiO masers in 194 sources. The average rotation velocity is obtained as 
—18.7(±7.6) + 10.8(±1.2) (I/deg) kms~x. From this rotation curve, we com-
pute the bulge mass within 2.6 kpc as 1.4 χ 1 0 1 0 Μ Θ . The bulge rotation 
axis is considered to be tilted by about 6°. The presence of holes in V-L 
map may indicate the streaming motion of the stars. 
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