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Abstract. A pilot project is carried out to measure circumstellar CO emission from three
OH/IR stars close to the GC using the Nobeyama Millimeter Array at 115 GHz and the Sub-
Millimeter Array at 230 GHz. An interferometer is necessary as a ‘spatial filter’ in this region
of space because of the confusion with interstellar CO emission. The intention is to find out
whether it is possible to later conduct a large-scale survey for mass-loss rates using, for example,
ALMA. Thus an important parameter would be added to our understanding of the evolution of
the Galactic Bulge. Sources have been detected towards two of the stars with ‘correct’ positions
and radial velocities. However, for one of the stars the line profile is not what one expects for
expanding circumstellar envelopes. This surprising result is discussed and our plans for future
observations are presented.

1. Introduction
The most rapid stellar mass loss occurs at the so called red-giant (RGB) and asymptotic-giant
branches (AGB). Due to the high stellar density and rapid star formation, the Galactic Bulge
contains large numbers of RGB and AGB stars. It is important to measure the mass loss rates
of these stars in order to get a picture of the recirculation of matter and metal enrichment in
this region of the Milky Way.

The most accurate method of estimating the stellar mass-loss rates is based on the CO
rotational spectral lines. The first attempt to detect such circumstellar lines in the vicinity of
the Galactic Centre (GC) was made by Mauersberger et al. [1] using the 30-m radio telescope in
Spain. They detected the J = 1− 0 and 2 – 1 CO lines from the proto-planetary nebula (PPN)
OH0.9+1.3 which has a high radial velocity (∼ 100 km s−1) making it likely to be physically
close to the GC. They proposed also to look for CO emission from OH/IR stars, since such
stars are believed to be the progenitors of PPNe. Winnberg et al. [2] used the same telescope
to observe several OH/IR stars close to the GC but detected CO emission only from one star:
OH0.3–0.2. This star has a very high radial velocity (–341 km s−1). Observations of all the
other candidate stars failed because of confusion with the interstellar background emission.
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The present project employs a different observing technique in an attempt to detect the
circumstellar CO emission in the midst of interstellar CO emission. A radio interferometer
with suitable baselines could resolve out the interstellar background but leave the circumstellar
emission as unresolved point sources. This use of an interferometer could be called a ‘spatial
filter’.

In order to find out the optimal baseline lengths and the most favorable CO lines we started
a pilot experiment. We chose three OH/IR stars close to the position of the GC with strong
IR fluxes and with low-to-moderate radial velocities. In 2003 – 2004 we used the Nobeyama
Millimeter Array (NMA) at 115 GHz (CO, J = 1 − 0) and in 2005 we used the Sub-Millimeter
Array (SMA; Mauna Kea, Hawaii) at 230 GHz (J = 2 − 1).

This paper presents the main results of these two data sets and outlines our plans for future
observations.

Ultimately we hope that our project will lead to larger systematic surveys of mass loss rates
for late-type stars in the Galactic Bulge using sub-millimetre arrays on the southern hemisphere
such as the Atacama Large Millimeter Array (ALMA).
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Figure 1. Blue solid line: observed
spectrum; red solid line: fitted parabola;
blue dashed line: observed spectrum minus
parabola; arrows: velocities of OH compo-
nents

Center at RA 17 47 06.94524  DEC -28 44 42.1993

GREY: OH0.3-0.  -339.3 KM/S  IPOL  OH0.3-0.2.ICL006.2

Grey scale flux range= -0.750 2.500 JY/BEAM

0 1 2

A
R

C
 S

E
C

ARC SEC
60 40 20 0 -20 -40 -60

60

40

20

0

-20

-40

-60

-339.3 KM/S

Figure 2. Map of OH0.3–0.2 at the 230-
GHz CO line maximum. The zero point is
at the position of the OH source [3] that has
an uncertainty of about 1′′.

2. Observations
The first observations in this project were done with the 6-element array (NMA) at Nobeyama
Radio Observatory, Japan, in November 2003 and January 2004 at 115 GHz (CO 1 – 0). Three
OH/IR stars were selected for observations on the basis of strong IR fluxes: OH359.117–0.169,
OH359.762+0.120 and OH359.971–0.119. A clear signal was obtained from OH359.971–0.119.
The position and radial velocity of the CO line agreed with the corresponding data of the 1612-
MHz OH line. However, the line width was too narrow for an unresolved circumstellar CO
source.

167



In June 2005 the same three stars plus the star OH0.3–0.2 were observed using the 8-element
array (SMA) on Mauna Kea, Hawaii, at 230 GHz (CO 2 – 1). The spectrometer was configured
to give a resolution of 3.25 MHz corresponding to 4.2 km s−1. The test star OH0.3–0.2 was
detected and showing properties in accordance with the single-dish data (Figures 1 and 2).

Typical resolutions were 4′′ × 7′′ with the NMA and 3′′ × 4′′ with the SMA.

3. Data reduction
The uv data were investigated for the presence of spatially extended emission by plotting the
visibility flux density as a function of projected baseline length. Based on such plots it was
decided to exclude baselines shorter than 32.5 m for OH359.762+0.120 and shorter than 39 m
for OH359.971–0.119 in order to avoid, as far as reasonable, contamination by residuals of
interstellar emission. For OH359.117–0.169 no evidence for significant interstellar emission was
found. Unfortunately, no circumstellar emission was found either for this star. No interstellar
emission, of course, was found in the IF band of the test source OH0.3–0.2 due to its high radial
velocity (–341 km s−1).
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Figure 3. Blue solid line, blue dashed line,
red solid line and arrows: as in Figure 1.
Green solid line: observed spectrum with all
projected baseline lengths included.
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Figure 4. Map of OH359.762+0.120 at the
230-GHz CO line maximum. The zero point
is at the position of the OH source [4] that
has an uncertainty of about 1′′.

Maps were made with 256 × 256 pixels of size 0.5′′ with natural weighting. They were cleaned
using the standard Högbom/Clark algorithm taking account of the noise fluctuations and the
dynamic range of the beam pattern. If a compact source was seen in one of the channels within
the OH velocity span at a position close to the phase centre (the position of the OH source) a
two-dimensional elliptical Gaussian fit was made of this source and a spectrum was made at the
pixel closest to this position.
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4. Results
In the SMA maps of OH359.762+0.120 and OH359.971–0.119 there are sources close to the phase
centres (Figures 4 and 6). The deviations are well within the limits expected on the grounds of
OH position errors, CO phase calibration errors and signal-to-noise ratios, i.e. within 1′′ – 2′′.
In addition the CO lines have frequencies corresponding to radial velocities (LSR) inside the
OH velocity ranges. Finally, the detection of OH0.3–0.2 serves as a guarantee of the fact that
the instrument worked correctly.

OH359.762+0.120 was detected with a rather poor S/N. Therefore there are quite large errors
associated with the elements of the fitted parabola (Figure 3). Within these errors the mean
radial velocity of the line and the line width are compatible with the systemic velocity of the
star and its envelope expansion velocity as measured from the OH line profile. The impression
of skewness of the line is probably not significant. Notice that the exclusion of short baselines
did not improve the detection of the line significantly. It merely improved the spectral baseline.

OH359.971–0.119 was detected with moderate to good S/N. However, the CO line is narrow
and close to the ’red-shifted’ OH line component, i.e. the backside of the envelope (Figure 5).
A similar line was observed with the NMA at 115 GHz. Notice that the line profile obtained
when all the uv data are included (green line) shows a much stronger and broader ‘red-shifted’
line and even a ‘blue-shifted’ counterpart. The ‘hole’ in between these two line components is
probably caused by an unresolved ‘dip’ in the interstellar background.

−80 −60 −40 −20 0 20 40 60
−2

−1

0

1

2

3

4

5

6
Spectrum of OH359.971−0.119 in CO(2−1)

Radial velocity (km/s)

Fl
ux

 d
en

si
ty

 (
Jy

)

Figure 5. Blue solid line, green solid line and
arrows: as in Figure 3.
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Figure 6. Map of OH359.971-0.119 at the
230-GHz CO line maximum, i.e. the strongest
channel in the ‘blue profile’ in Figure 5. The
zero point is at the position of the OH source
[4] that has an uncertainty of about 1′′.

5. Discussion
As to OH359.762+0.120 there is little doubt that the detected CO source is a true circumstellar
source. The S/N needs improvement, however.
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The CO source associated with OH359.971–0.119 is an enigma so far. The line profile is
similar to that expected from a resolved stellar envelope where unresolved sources are left at the
front and back sides. For such a picture to be true, the distance needs to be so short that the
star would not belong to the Galactic Bulge. For example, assuming that the diameter of the
CO envelope is 2 × 1017 cm (which might be an overestimate for the 2 – 1 transition) and that
the angular diameter is 20′′, the distance would be about 700 pc only. The IR properties of this
star also are such that it is arguable whether it belongs to the Bulge (cf. [5] and [6]).

Another explanation of the line profile would be that it is the result of strong absorption of
interstellar CO in front of the source.

Finally, there is always the (improbable?) explanation that the source is an unresolved
remnant of interstellar CO emission that happens to be at the same position and radial velocity
as OH359.971–0.119.

6. Plans
We have applied for further observations with the SMA. First of all we want to re-observe all the
four stars, including OH0.3–0.2, at 345 GHz (J = 3 − 2) with the same compact configuration.
Secondly we want to observe the stars OH359.762+0.120 and OH359.971–0.119 plus two new
stars (OH359.938–0.077 and OH0.319–0.040) that have somewhat higher radial velocities using
the SMA in its extended configuration at 230 GHz.

If the sources are interstellar, or circumstellar and extended, we would expect a weak or
even undetected 345-GHz line. If they are circumstellar and absorbed (compact or extended)
we would expect a less absorbed 345-GHz line. These prospects are based on the facts that
the interstellar CO line at 345 GHz is weaker than those at 230 and 115 GHz whereas its
circumstellar counterpart is somewhat stronger or at least as strong as the one at 230 GHz. In
addition, of course, the SMA resolution is higher at 345 GHz.

The re-observation of OH359.762+0.120 and OH359.971–0.119 at 230 GHz in the extended
configuration is motivated by the fact that less data will be wasted by rejection of short baselines.
We also want to explore the dependence of radial velocity by observing the stars OH359.938–
0.077 and OH0.319–0.040 that have somewhat higher radial velocities (–83.3 and +74.8 km s−1,
respectively). We expect the interstellar emission to be less of a concern in connection with
these stars.

References
[1] Mauersberger, R., Henkel, C., Wilson, T.L., Olano, C.A., 1988, A&A, 206, L34
[2] Winnberg, A., Lindqvist, M., Olofsson, H., Henkel, C., 1991, A&A, 245, 195
[3] Fix, J.D., Mutel, R.L., 1984, Astron. J., 89, 406
[4] Lindqvist, M., Winnberg, A., Habing, H.J., Matthews, H.E., 1992, A&AS, 92, 43
[5] Blommaert, J.A.D.L., van der Veen, W.E.C.J., van Langevelde, H.J., Habing, H.J., Sjouwerman, L.O., 1998,

A&A, 329, 991
[6] Ortiz, R., Blommaert, J.A.D.L., Copet, E., Ganesh, S., Habing, H.J., Messineo, M., Omont, A., Schultheis,

M., Schuller, F., 2002, A&A, 388, 279

170



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


