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Abstract

Observations in the J = 1-0, v = 1 and v = 2 28i0 and v = 0 2%SiO maser lines were made towards 97
outer- and 19 inner-disk IRAS sources with typical IRAS colors of AGB stars. 21 new 28Si0 and 1 new 29Si0
maser sources were detected above the 5 o level of ~ 1 Jy with the Nobeyama 45 m telescope. Collecting
all of the observational data in SiO J = 1-0 maser lines taken with a 45 m telescope, a comparison is
made between the outer-disk, inner-disk, and bulge samples. The samples, themselves, align a sequence of
mid-infrared color, flux at 12 um and IRAS variability index. The detection rates are 66%, 51%, and 31%,
respectively, in the bulge, inner disk, and outer disk. This fact is consistent with the tendency of increasing

proportion of C-rich stars in the IRAS sample and metallicity gradient with the galactocentric distance.
Key words: Infrared: sources — Masers — Stars: late-type — Stars: mass loss

1. Introduction

Most of the sources in IRAS PSC confined to the
galactic disk or bulge with colors indicative of evolved
late-type stars with a circumstellar envelope have been
searched for the 43 GHz SiO maser lines with the 45 m
telescope at Nobeyama Radio Observatory. With a 5 ¢
detection limit of ~ 1 Jy, made possible by the large
aperture and the sensitive receiver, these are the most
sensitive observations available at this waveband. In the
period 1991-93, 313 sources in the direction of the bulge
were observed, of which 193 sources were found to have
associated 5i0 masers (Nakada et al. 1993; Izumiura
et al. 1994, 1995a, 1995b). Though these observations
aimed at bulge objects, some disk stars in the same direc-
tion were also included. In 1994 and 1995, 161 sources in
the second and third quadrants of the galactic plane were
observed, 63 of which were detected in this line emission
(Jiang et al. 1996). These two sets of systematic observa-
tions had already accumulated much data on SiO masers.
However, because they were mainly intended for studying
galacticvkinematics, the samples were not chosen based
on the same criteria, which made their inter-comparison
difficult. Therefore, sources selected with the same crite-
ria, but left out in the earlier observations, were observed
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in 1996 May. Here, we first report on the results of the
1996 observations. Then, some statistical comparisons
are made between the bulge, inner-disk and outer-disk
groups based on the entire data collected by the 45 m
telescope.

2. Observation

During 1996 May 10-14 and 16-19 mainly two groups
of objects were observed: a larger outer-disk sample and
a smaller inner-disk one. Table 1 lists the criteria based
on which these sources were selected. Various studies
of IRAS PSC sources have established that the IRAS
colors are different for different types of sources, 'such
as young stellar objects, late-type stars, and galaxies.
Here, the IRAS colors, Cyo [= log(Fa5/F12)], and Cay
[= log(Fs0/Fas)] (F is the flux density at the wavelength
A ), are set so as to pick up stars in late stages of evo-
lution when they are surrounded by cold circumstellar
envelope (CSE)s (van der Veen, Habing 1988). We have
set an upper limit to the 12 pm flux density so as to
avoid nearby sources, most of which have been observed
earlier; the value used translates to a lower limit in dis-
tance of about 4 kpc for an M-type star with cold CSE.
The demanded IRAS flux qualitics ensure the reliability
of the measured fluxes, and hence the colors calculated
from them. From table 1 one can sec that the objects are
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Table 1. Selection criteria of the 1996 May observed sources.

Outer disk  Inner disk

Galactic longitude........... 115°-155° 55°-70°
Gatactic latitude ... ......... [-10°, 10°]
IRAScolor.................. Ci2 C [-04, 0.4]
Caz < —04
IRAS flux density ........... Fr» <15 Jy

Qualities of IRAS fluxes..... 333 at 12, 25, and 60 pum
Number of sources .......... 97 19

Table 2. Number of detections.

Outer disk  Inner disk  Miscellaneous
BSi0...... 13/97 8/19 5/13
¥5i0...... 1/97 0/19 0/13

restricted to two longitudinal strips, one each in the first
and second quadrants of the galactic plane. Because of
the numerous IRAS objects present in the first quadrant,
the inner-disk sources were further restricted to have no
assoclation with any other known catalogues of objects.
Thus, the sample consists of 97 sources in the outer-disk
and 19 in the inner-disk. Among the 97 sources in the
outer disk, 15 had already been observed in 1994-95. Of
these'15, 5 had been detected in SiO maser emission, and
therefore were not observed this time. Although some of
the 10 non-detections were observed again, no new de-
tections were found.

In addition to the above sample, a third group of
13 sources that do not satisfy the above criteria strictly,
were also observed; 6 of them were previous non-
detections and 7 were new, but lie outside of the above-
mentioned selection criteria. We treat this group sepa-
rately.

The observational system has been described in detail
elsewhere (e.g., Jiang et al. 1996). Here, we present only
a few important and necessary observational parameters.
The SIS receiver, S40 at the 45 m telescope, was tuned
to receive three SiO maser lines (235i0 J = 1-0, v = 1
and v = 2, 2Si0 J = 1-0, v = 0) around 43 GHz. AOS
back-ends were used to obtain the spectra with a velocity
resolution of about 0.26 km s~!. The 5 ¢ detection limit
is about 0.28 K (~ 1 Jy).

The results of observations are summarized in table 2.
Of the 97 sources in the outer disk, 15 had been observed
earlier with 5 detections. Of the 82 sources searched now,
8 new 28Si0 sources and 1 new 2%SiO source were de-
tected. Thus, of the 97 sources, 13 have been detected in
the 28Si0 maser line. Among the 19 sources in the inner
disk, 8 new ?8Si0 sources have been detected. In the
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miscellaneous 13 sources, 5 were newly detected among

which TRAS 0426443853, 04402+3426, and 2239446930
were not detected in 1995 (Jiang et al. 1996); this may be
attributéd to the time variation of SiO maser emission.
In total, 21 new 28Si0 and 1 new 2Si0 wmaser source
were found in 114 searched this time (excluding the 5
detections from the 15 searched in earlier surveys).

The S10 maser spectra of newly detected emitters are
displayed in figure 1 and figure 2, respectively, for the
2510 and 2%SiO lines. The related parameters including
integrated intensity, center velocity, and FWHM of SiO
maser lines are summarized in table 3 along with their
IRAS PSC name in the first column and the observation
time in the last column. All of the sources including non-
detections are listed in table 4 along with their galactic
coordinates.

3. Discussion

3.1.  The Sample of 116 Stars

As described before, the same criteria have been used
to choose ‘the inner and outer disk samples. The most
important and basic physical selection criteria are the
IRAS color indexes, C12 and Cas. €2 is set to be in
the range [—0.4, 0.4], typical of a late-type star with cold
CSE having a temperature of about 600 K to 200 K.
Cy3 < —0.4 further excludes the young stellar objects.
Though no bias was imported when we picked up the
samples, they may intrinsically exhibit different features.
The averages of Fy2, Ci2, Ca3, and IRAS variability in-
dex are 8.36 Jy, —0.23, —0.65, and 32, respectively, for
the outer-disk sample of 97 sources, while 8.38 Jy, —0.19,
~0.71, and 75, respectively, for the inner-disk sample of
19 sources. It can be seen that there is slight difference
in average Fy2, which means that the two samples are
at a similar distance scale. Although there is a slight
difference in the average Cb3 and C,, the small family
of 19 members in inner-disk sample makes it difficult to
judge whether this small difference in color is real; we dis-
cuss this question later. An evident difference is found in
the variability index, which is defined as the probability
in the percentage of variability. That is to say, the ob-
jects in the inner-disk sample are generally more likely
to be variable stars based on the IRAS observation. This
difference could possibly be caused by the fact that the
IRAS satellite did not scan the sky equally; some areas
were observed more often than the others. However, in
no way one can exclude the possibility of an intrinsic dif-
ference.

On the other hand, the difference concerning the SiO
maser population is clear. In the outer-disk sample,
13 sources out of 97 are detected by SiO emission (about
13%), and in the inner-disk sample, 8 sources out of 19
are detected (about 42%). From the above analysis, one
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[

97



Jiang, S. Deguchi, and B. Ramesh

[Vol. o1,

08 N B.Ww.
2002142158 w21 2002942759
T .
X o Xx ol
= v=2 . [ W»’hﬂ

o
=
=
————
o]

" 2008442750

P

v=1

IAW “WW!V

To (K)

i

Ml

\
0

vlsr <km/5) vlsr (km/s) Vlsr (km/s)
o T T T T T T T T LD
o[ 201814292 v=1 1 20246+2813 v=1
@ J
o
AN S
=2 = ° v=2
8 v=2 7
1 1 1 i
-40 -20 0 20 40 -20 0 20 40 60
Vigr (km/s) Ve (km/s)
204914423 2239446930 | v=1 % [23561+603 vel ]
~F
w PN ‘q
~~ — o ~~
< T < x 3 WJWW
[ o o
- v=2 [l .
v=2
o A{swwm ©
o
Lt f) 1 i 1 1 L A 1 i i 1.
-80 -60 -40 -20 o -80 -60 -40 -20 0 -100 -80 -60 -40 -20
Vigr (km/s) Vier (km/s) Vi, (km/s)

Fig. 1. (Continued)

can say that the distance effect on the apparent intensity
of 5i0 maser emission may be taken as being equal in the
two samples. Then, the difference in the detection rate
of SiO maser emission means that, intrinsically, the inner
disk has a larger percentage of SiO maser emitters among
the late-type stars with cold circumstellar envelopes than
does the outer disk.

3.2.  The Larger Sample

Since 1991, more than 500 IRAS PSC sources having
colors typical of late-type stars with a cold circumstellar
envelope have been searched for SiQ J = 1-0, v =1 and
2 maser lines with the same 45 m telescope system at

Nobeyama. These sources are distributed in the bulge as
well as the inner and outer disk of the Galaxy. Because
the observations were made to the same detection limit,
we make a statistical comparison of observational results
between the bulge, inner disk and outer disk samples
without any bias effect induced by system difference.
The comparison includes the objects searched in the
survey to the bulge direction, in the outer disk and in the
inner disk from 1991 through 1996, except for 20 sources,
whose color index, Ca3 > —0.4, infers the possible nature
of YSOs. With the galactic latitude |b] < 10°, they are
sources in the galactic plane. With —0.4 < C}5 < 0.4 and
Ca3 < —0.4, they are evolved late-type stars with a cold
circumstellar envelope. In total there are 579 sources.
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Table 3. Integrated line parameters of the **SiQ detections.
SiOv=1J=1-0 SiOv=2J=140

IRASNAME 51 Veent FWHMI1 S§2 Veen2 FWHM?2 Date

(Kkms™) (kms™') (kms!) (Kkms™') (km sTYY  (kmsTY)  yymnddhh
0012345258 ........... 0.13 —18.84 1.35 0.32 -20.18 2.34 96051710
0050346445 ........... 3.95 —14.55 6.49 4.68 -16.27 7.91 96051810
01260+6456........... 1.94 —124.49 3.44 1.39 —125.59 3.33 96051712
0247345162, .......... 0.87 -10.13 4.49 1.14 —9.64 3.67 96051612
03038+5046........... 1.88 —65.74 4.92 3.35 —-65.39 4.96 96051213
03380+5532........... 0.32 16.99 2.25 1.35 18.37 4.99 96051614
0411244841 ........... 1.22 —4.66 2.69 1.23 —5.23 3.78 96051814
0426443853 ........... 0.55 —-43.01 1.99 0.73 —46.04 2.55 96051314
0440243426 ........... 0.44 34.74 2.89 1.06 34.69 5.78 96051315
04536+5726........... 9.32 -37.44 9.05 6.46 -37.06 7.81 96051315
051314+4530........... — — — 1.44 -30.47 1.95 96051215
200104-2508........... 3.70 24.87 6.79 3.12 25.39 7.10 96051706
20020+1739........... 4.54 30.88 8.14 2.97 32.37 8.89 96051807
2002142156........... 0.37 23.43 1.48 - — — 96051906
2002942759 ........... 0.70 22.47 1.31 — — — 96051707
2008442750 ........... 0.81 29.09 3.08 1.66 29.16 4.26 96051707
2013942404 ........... 4.80 32.33 5.63 2.70 34.03 3.93 96051808
2018142927........... 0.70 11.02 5.33 — — — 96051708
20246+2813........... 2.03 18.26 4.36 2.26 17.65 4.84 96051908
20491+4236........... 2.03 —42.19 1.72 1.82 —42.91 2.44 96051909
2239446930........... 1.94 —42.46 7.06 0.91 -39.75 3.98 96051809
235614-6037........... 0.30 —-54.91 1.20 — — — 96051409

They are first divided into three groups: the galactic
bulge, inner disk, and outer disk, respectively. The 244
sources in the second and third quadrants belong to the
outer-disk group, and the 22 sources with galactic longi-
tude 30° < I < 90° belong to the inner-disk group with-
out any argument. However, in a survey to the bulge
direction, whether an object belongs to the inner disk or
to the bulge group is not direct. Their memberships are
judged by their galactocentric distance, which is calcu-
lated from light-variation period or luminosity function,
depending on the available observational data involving
individual sources, while the radius of the bulge is as-
sumed to be 3 kpc. The details of assigning the mem-
bership of these sources have been described by Izumiura
et al. (1995a,b), and the result is that 201 stars belong
to the bulge group and 112 to the inner-disk group. As

a consequence, 201, 134, and 244 sources make up the-

samples in the bulge, inner disk, and outer disk, respec-
tively.

We first make a comparison of the features of the sam-
ples. The basic, and possibly most important, parameter
of the samples is the IRAS color, since there are few other
systematic observations to these optically thick sources
except for IRAS. The samples were selected to have the
IRAS color €2 within the range [—0.4,0.4], typical of a

star with a CSE of about 600 K to 200 K. The IRAS color
Ca3 should be used in combination with Cis to clarify the
nature of sources. However, in the survey to the bulge
direction, no limitation was set to the IRAS color Cby or
the quality of flux at 60 pum. Some of the sources have
Cy3 > —0.4, and would be suspected as being young stel-
lar objects other than late-type stars. However, because
the pollution from infrared cirrus to 60 pm flux is seri-
ous in the galactic plane to the bulge direction (Ivezié,
Elitzur 1995), their apparent values of Ca3 are larger than
the intrinsic value. A careful investigation furthermore
indicates that the quality of Fgy is unreliable for most
such sources with Chy > —0.4. The apparent colors of
young stellar objects can be regarded as being forged.
Thus, the sources in the bulge survey are almost late-
type stars, though there could be a few young stellar
objects. In other surveys of the outer and inner disks,
Cha3 is set to be < —0.4 in order to exclude young stellar
objects, so that only late-type stars ar&left in the obser-
vations. Therefore, the statistical comparison of Cj5 can
be reliable, while that of Cys can not be so. The other
parameters of the samples include the flux at 12 ym Fy,
and the IRAS variability index Var. The survey to the
bulge direction looked for sources with Fyy > 1 Jy. and
the other observations for sources with Ki» > 3 Jy. One
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Table 4. List of all observed sources and their galactic coordinates.

IRASNAME 1°) b(°) IRASNAME 1°) b(°) IRASNAME 1°) b(°)
0002746952 119.01  7.64 0003646117  117.58  0.84 0012345268 11742 9.23
00131+6925 119.84  7.05 00161+5820  118.69  3.98 0018046414 119.64  1.84
0024346316 120.23  0.81 0024646837  120.77  6.13 0036146515 121.65  2.70
0042546820 12240 5.76 0046146439  122.69 207 0046446430  122.73  1.91
00470+6448 12279 220 0050346445  123.14 216 00513+6317  123.27  0.69
0055545353 123.97  8.70 00589+5743  124.33  4.85 00593+5836  124.36  3.97
01065+6452 124.86 234 0109746154 12544  0.59 0110246153 12551  0.60
01108+6059 125.64  1.50 0112046352  125.63 1.0 01176+6710 12578  4.72
0126046456 12691  2.62 0129646813 12678  5.92 0130146118  127.92  0.91
01327+6503 127.60  2.85 0134446232 12821  0.40 0138647010  127.22  7.98
0143546007 120.75 - 1.76 0144146026  129.76  1.43 0155045901  131.41  2.50
0158345508 13287  6.13 0201645802  132.51  3.22 0204745901  132.62  2.15
0211745559 13444 477 0215546410  132.25  3.14 0215745843  134.07  2.00
02167+5926 133.95  1.29 0217246752  131.19  6.69 0217445655  134.88  3.62
0218145738 134.73  2.93 0224545823 13526  1.92 02252+6630 13240  5.68
0227246327 133.73 291 0228945404 13742 570 02294+6411  133.66  3.69
0232146312 134.33  2.89 0236745155  139.36  7.23 02408+5458  138.65  4.20
0246745432 139.61  4.22 02473+5152  140.86  6.58 0257045602  140.24  2.22
0302245409 141.79  3.52 0303845046  143.68  6.35 03078+6046  139.17  2.59
0315145446 143.10  2.03 03205+5223  145.06  3.62 0331645745 14335  1.72
0331746300 14031  6.00 03347+6503  139.36  7.85 03380+5532  145.37 . 0.45
03409+6159 4177 5.82 03466+4834  150.66  4.27 03525+5711  145.92  2.98
03549+5602 146.92 231 04004+5547  147.67  2.62 04026+4737  153.32  3.28
04050-+4734 153.66  3.04 0407145215  150.76  0.64 0407945135  151.20  0.24
0409145054 151.90  0.14 0411244841  153.66  1.52 0413043918  160.41-  8.09
04166+5719 14826  5.26 0426443853  162.55  6.53 0440243426  167.73  7.46
0447043002 17208  9.18 0453645726  151.52 ~ 9.05 0513144530 . 162.95  4.33
20005+1635 56.10  7.47 20010+2508 63.45  3.03 20020-+1739 5722 7.22
20021+2156 60.86  4.95  ° 2002942759 66.08  1.87 2004642954 67.90 . 1.15
2005342958 68.03  1.23 20084+2750 66.62  2.98 20121+1756 58.74  9.08
2012742957 68.90  2.58 20137+2838 67.93  3.49 20139+2404 64.15  6.08
2017842832 68.37  4.30 2018142927 69.16  3.83 20190+2423 65.06  6.86
20246+2813 68.97  5.71 20285+2411 66.15  8.75 2028742719 68.74  6.96
20304+2241 6518  9.98 20491+4236 8342  0.89 2056744727 87.98  1.23
2114944634 89.43  1.65 21415+5025 9528 183 22045+6306 10560  6.20
22112+5322 100.72 228 2236745537  105.05  2.30 2239446930  112.03  9.71
23280+7107 11648  9.56 2336146437 11529  3.13 2338447002  117.01 827
2343146204 115.38 045 2345746045 11535 0.91 23561+6037  116.55  1.32

can simply conclude that the sample in the outer disk
is closer and brighter than the samples in the bulge and
inner disk. The index Var was set to > 50 in a 1995
survey of outer-disk sources, which artificially raised the
average of this parameter of the outer-disk sample, as it
is a free parameter for the observations to the inner-disk
and the bulge sources. The averages of these parameters
for the three groups of sources are listed in table 5.

As shown in table 5, the outer-disk, inner-disk and
bulge samples align a reddening sequence of color index
Ci2. Since no correction to the colors is applied for in-
terstellar extinction, which follow the same sequence in
seriousness, the effect of interstellar reddening should be

estimated in-order to figure out if the color sequence is in-
trinsic. The SiO maser survey to the bulge objects tried
to avoid the area |b| < 3° of serious extinction. Accord-
ing to an estimation by Frogel (1988), the extinction at
the K band Ax = 0.17 mag at b = 3° where the most
serious extinction occurs in the bulge survey. Based on
the extinction law (Mathis 1990), A2 um = 0.04 mag
and Azs ,m = 0.02 mag. Conservatively, the upper limit
of color reddening is only 0.01 at C5, much less than the
difference presented by the samples. The C|5 sequence is
then mostly intrinsic. Recalling the result from the pre-
vious subsection, the small difference between the inner-
and outer-disk samples should be real as well. Bedijn
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Fig. 2. Spectra of a unique new 29SiQ detection; the
scale of the 29SiO line is labeled beside the emission
line.

(1987) showed that for a given model of a late-type star,
Cj2 depends only on the optical depth in the infrared.
Bedijn (1988) explained the IRAS color sequence of stars
with cold CSEs as being due to an accelerated mass-loss
rate with time, i.e., the redder stars have a larger mass-
loss rate and are in a later stage of evolution. If this
is true, the bulge sample would have the thickest CSE
and would be in the latest stage of evolution among the
three groups, as a general tendency. Besides the evolu-
tionary effect on the IRAS colors, metallicity may also
play a role. It is suspected that the metals would red-
den the stars (Habing 1996). Observations showed that
the Long Period Variable stars in the Magellanic Clouds
are not so red in IRAS colors as those in the galactic
bulge with the same period, i.e. the same luminosity
or mass. Though the metallicity gradient in the Galaxy
is not clearly or quantitatively established, the declining
tendency with galactocentric distance can be seen in sev-
eral works. A study of globular clusters found a slope of
~ A[Fe/H]/ Ry = —0.091 kpc~! (Friel 1995). Thus, the
Ci2 sequence may indicate a sequence of metallicity in
the samples.

As expected and explained above, the difference during
selection determined the rising sequence of flux density
(Fy2) from the bulge sample to outer disk sample in ta-
ble 5. Due to the inclusion of a few very bright sources,
such as R Cas in the outer disk sample, the average is
deviated to a value higher than that of most sources.
Because the sources belong to the same type of objects,
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Table 5. Averages of Ci2, Fi2, and Var of all
sources and SiO maser detection rates.

Item Bulge Inner disk Outer disk
(07 0.03 -0.02 -0.22
Fia oo 5.55 13.24 32.61
Var ................. 79.8 75.0 53.8
Number of sources ... 201 134 244
Detection rate ....... 66% 51% 31%

Fy3 may be taken as being an indicator of distance. On
average, the bulge sample is the furthest, the inner-disk
sample moderate and the outer-disk sample the closest.

The average IRAS variability index, Var, is almost
the same for the bulge and the inner-disk samples and is
smaller for the outer-disk sample in spite of the artificial
raise in the 1995 survey. In the presently selected range
of Fia, the sources with Var > 50 are variable in light
of the IRAS photometric accuracy (Jiang et al. 1996).
Most of the stars in the bulge and inner-disk samples are
variable, and there is quite a fraction in the outer disk
sample which did not show any variation during IRAS
observation. The IRAS survey strategy produced more
confirmed observations in some regions than the others
at time intervals suitable for detecting the variability and
some spurious indications of variability in regions of high
source density (Beichman et al. 1988). However, since the
SiO-surveyed regions are not biased in the IRAS obser-
vation, it could be true that there is a greater proportion
of variables in the bulge and inner-disk samples than in
the outer-disk sample.

It- has been noticed that the SiO maser detection rate
in the outer disk is much lower than that in the bulge
survey (Jiang et al. 1997). This rate in the three samples
is 66%, 51%, and 31%, respectively, as shown in the last
row of table 5. Combining this data with the result from
the new observation described above, we can conclude
that the SiO maser stars are concentrated in the bulge,
and become even less dense in the inner and outer disk.

3.8. Radial Sequence in the Galaxy

From the above analysis of the sample features, it is
found that the bulge, inner-disk and outer-disk samples
consist a decreasing sequence in distance to the observer.
Practically, this distance sequence may result in an in-
creasing sequence, or slight effect in the SiO maser de-
tection rate, depending on the matching between the de-
tection limit of observation and SiO maser luminosity
function. However, the real result is contrary, i.e., the
detection rate decreases from the bulge to the inner-disk
to the outer-disk samples; the detection rate must mainly
be determined by other factors. As the‘I-RAS color C),
and variability index Var align a sequential change from
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the bulge through the inner-disk to the outer-disk sa-
ple, they are correlated to the variation in the SiO maser
detection rate. Indeed, the sequence of the detection
rate may be understood from its correlation with Cia
if the Ci2 sequence is a sequence of metallicity, which
can be oue possibility, as discussed above. A study of
late-type stellar content of galaxics shows that the C- to
M-type star number ratio anti-correlates with the metal-
licity, i.e., the ratio is high in a low-metallicity environ-
ment (Pritchet et al. 1987). Blanco (1965) discussed in
detail the distribution of M-type and C-type stars in the
galactic plane. He pointed out the fact concerning the
concentration to the galactic-center direction of M-type
stars. Since no C-type stars have ever been detected in
these SiO maser lines, the increase of C-type stars from
the bulge to the outer disk, that may have resulted from
the galactic metallicity gradient, would yield a decreasing
sequence of the SiO maser detection rate. This conclu-
sion is consistent with the result based on a near-infrared
photometric observation (Jiang et al. 1997). Blommaert
et al. (1993) obtained similar conclusions from observa-
tions of OH/IR stars. They found that the detection rate
of OH maser emission decreases with the galactocentric
distance. They explained that the lower metallicity in
the outer Galaxy led to an increasing number of O-rich
stars to become C-rich, which led to a smaller number of
very red sources.

The reason for the influence of the variability of ob-
jects on the production of Si{) maser emission is not very
clear. It has been pointed out that the detection rate
is higher in variable sources than in non-variable sources
based on a bulge survey (Jiang et al. 1995). The appar-
ent correlation of the detection rate with variability in-
dex in the three samples confirms this conclusion. It has
been found that SiO masing correlates with the optical-
variation phase in late-type stars. The vibrationally ex-
cited SiO maser may occur in a region close to the star
where stellar pulsation can have an influence (Cho et al.
1996). The effect of the IRAS variability index on the
SiO maser detection rate may result from the influence
of stellar pulsation, though the details are not known.

4. Summary

A survey in SiO maser line transitions J = 1-0,v=1
and v = 2 and isotopic Si0 J = 1-0, v = 1 line was
carried out using the 45 m telescope system at Nobeyama
Radio Observatory from 1994 through 1996. This survey
concentrated on IRAS PSC sources with typical colors
of AGB stars surrounded by a cold circumstellar enve-
lope, the same as in a survey towards the bulge direction.
Combining these two survey data, a total of 579 stars,
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among which 201, L34, and 244 lie in the bulge, inner
disk, and outer disk, respectively, were searched for Si0
maser emission at a sensitivity limit of about 1 Jy at the 5
o level. A comparison between the bulge, inner-disk and
outer-disk samples found that they consist a sequence of
IRAS color Cyy, variability index, and fux at 12 o,
A decreasing sequence of SiO maser population possibly
results as a consequence of a variation in the galactic
metallicity and proportion of variable stars.
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