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Abstract. The Bulge Asymmetries and Dynamical Evolution (BAaDE) survey aims to use cir-
cumstellar SiO maser line-of-sight velocities as probes for the Galactic gravitational potential
and dynamical structure. The SiO masers are detected at a high rate in specific color-selected
MSX infrared sources. Furthermore, the SiO maser properties and line ratios, in combination
with infrared spectral energy distributions and location in the Galaxy, will statistically yield
detailed information on population and evolution of low- to intermediate-mass evolved stars in
the Galaxy.

Keywords. masers, surveys, stars: AGB and post-AGB, Galaxy: bulge, Galaxy: evolution,
Galaxy: kinematics and dynamics, infrared: stars

1. Summary

The Bulge Asymmetries and Dynamical Evolution (BAaDE) survey builds upon highly
successful surveys and studies of OH/IR stars in the past (e.g. Habing 1996).

In the class of Asymptotic Giant Branch (AGB) stars, the OH/IR stars differ from
the optically identified Mira stars by their denser circumstellar envelope (CSE), causing
the stellar optical light to be obscured and re-radiated in the infrared. Miras and OH/IR
stars therefore are bright(est) in the infrared waveband, where they are relatively easy
to identify. In general, the OH/IR stars are the more massive and more luminous among
the oxygen-rich AGB stars (but not as massive or luminous as supergiants), allowing
for a higher mass-loss rate (up to about 104 Mg /yr, instead of about 10~ M, /yr for
Miras) and a thicker, more opaque CSEf.

In the obscuring, expanding and cooling CSE, molecules start to form. Rotational and
vibrational transitions may be excited by the stellar and re-radiated CSE radiation upon
which population inversion may occur. Typical molecular maser lines may be detected
in the 1612 MHz OH, 22 GHz H>0O, and 43 or 86 GHz SiO transitions originating in the
outer (~1000 AU from the central star), intermediate, and inner (few AU) regions of the
CSE, respectively. As the masers are bright and not affected by interstellar extinction,
they can be detected over the entire extent of the Galaxy while directly revealing their
line-of-sight velocity. These point-mass like probes are thus excellent probes of the local
Galactic gravitational field.

i Foreground extinction adds to the intrinsic stellar obscuration and may cause a genuine
Mira star to appear as an OH/IR star, in particular in the optically obscured Plane and Bulge.
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Figure 1. MSX color-selected sources in Galactic longitude and latitude. The northern Galactic
Bulge and Plane (north of Declination —35 degrees) have all been observed with the VLA for
J=1-0 SiO masers at 43 GHz (green; dark on the left). The (southern hemisphere, § < —35°)
range between about —5 and —105 degrees longitude is observable with the ALMA for J=2-1
SiO masers at 86 GHz (gray; in the middle: planned, and red; darkest: observed).

The 1612 MHz line of the OH maser has been extensively used in Galactic dynamics
studies (see, e.g., Habing et al. 2006 and references therein). However, the total sample
of OH/IR stars has been stagnating at a few thousand; insufficient for a detailed analysis
of Galactic dynamics in the highly (optically) obscured regions of the Bulge and Plane,
where the dynamics are most revealing.

We have therefore embarked on a survey for the far more numerous SiO masers in
Mira stars. Using color-selected infrared stars that predict a high (50-90%) detection
rate (Sjouwerman et al. 2009), a sample of 28000 Galactic Plane and Bulge objects is
being observed with ALMA and the VLA (see Figurel). The BAaDE survey itself is
described in more detail in Sjouwerman et al. (2018) and Sjouwerman et al. (in prep.),
with the individual VLA and ALMA surveys described in detail by Lewis et al. (in prep.)
and Stroh et al. (2019), respectively.

Early stellar kinematic results have been published by Trapp et al. (2018), and other
sideways connected checks and biases have been resolved in Pihlstrém et al. (2018) (posi-
tional information) and Stroh et al. (2018) (86 versus 43 GHz SiO, ALMA versus VLA
bias). See also the contributions of Stroh et al. and Lewis et al. in these proceedings.

Acknowledgements

ALMA is a partnership of ESO (representing its member states), NSF (USA) and
NINS (Japan), together with NRC (Canada), MOST and ASTAA (Taiwan), and KASI
(Republic of Korea), in cooperation with the Republic of Chile. The Joint ALMA
Observatory is operated by ESO, AUI/NRAO and NAOJ.

The National Radio Astronomy Observatory is a facility of the National Science
Foundation operated under cooperative agreement by Associated Universities, Inc.

References

Habing, H. J. 1996, A&AR, 7, 97

Habing, H. J., Sevenster, M. N., Messineo, M., van de Ven, G., & Kuijken, K. 2006, A& A 458, 151

Lewis, M. O., et al., in preparation

Pihlstrém, Y. M., Sjouwerman, L. O., Claussen, M. J, Morris, M. R., Rich, R. M.,
van Langevelde, H. J., & Quiroga-Nurnez, L. H. 2018, ApJ 868, 72

Sjouwerman, L. O., Capen, C., & Claussen, M. J. 2009, ApJ 705, 1554

Sjouwerman, L. O., Pihlstrom, Y. M., Rich, R. M., Claussen, M. J., & Morris, M. R. 2018, TAU
Symposium 336, 180

Sjouwerman, L. O., et al., in preparation

Stroh, M. C., Pihlstrom, Y. M., Sjouwerman, L. O., Claussen, M. J., Morris, M. R., & Rich, R. M.
2018, ApJ 862, 153

Stroh, M. C., Pihlstréom, Y. M., Sjouwerman, L. O., Lewis, M. O., Claussen, M. J., Morris, M. R.,
& Rich, R. M. 2019, ApJ, accepted

Trapp, A. C., Rich, R. M., Morris, M. R., Sjouwerman, L. O., Pihlstrém, Y. M., Claussen, M. J.,
& Stroh, M. C. 2018, ApJ 862, 153

https://doi.org/10.1017/51743921319008147 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921319008147

	BAaDE: The Bulge Asymmetries and Dynamical Evolution survey
	Summary



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


