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Kinematic Distances: Issues

e Bi-valued within solar circle

e Must assume circular rotation
(maps warped & blurred by streaming & velocity jitter)

e Fails toward Galactic center and anticenter

 Must know rotation curve, including R,, 0, and
solar peculiar motion



Recent Spiral Structure Studies
Based on Kinematic Distances:

HI S.ur.face Density H II Regions Molecular Clouds
(Nakanishi & Sofue 2003) (Anderson et al. 2012) (Rice et al. 2016)

Not up to the job!



Bar and Spiral Structure Legacy Survey,
a VLBA Key Science Project

5000 hours of VLBA time over 5 years to
measure maser parallaxes and proper motions in
high-mass star forming regions

~100 masers ~100 more ~20 distant sources
PUBLISHED RECENTLY COMPLETED IN PROGRESS
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Hipparcos, Gaia, & BeSSeL
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Parallax Errors

Hipparcos: 1000 uas
Gaia: 10 — 20 nas

BeSSeL: 5 - 20 pas



Sample Parallax Data
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(Zhang et al. 2013)



Spiral Arms Traced with Maser Parallaxes

Perseus

Reid et al. (2014)




Spiral Arms Traced with Maser Parallaxes

Perseus
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Spiral Arms Traced with Maser Parallaxes

Perseus

Reid et al. (2014)




Spiral Arms Traced with Maser Parallaxes

| Spiral Arm Widths
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Spiral Arms Traced with Maser Parallaxes
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Finding the Distance to Any Spiral Arm Source
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Finding the Distance to Any Spiral Arm Source
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Bayesian Distance Calculator

The spiral arms of the Milky Way are being accurately located for the first time via trigonometric parallaxes of massive star forming regions with
the BeSSeL Survey, using the Very Long Baseline Array and the European VLBI Network, and with the Japanese VERA project. This calculator
leverages these results to significantly improve the accuracy and reliability of distance estimates to other sources that are known to
follow spiral structure. Using a Bayesian approach, sources are assigned to arms based on their (I,b,v) coordinates with respect to arm
signatures seen in CO and HI surveys. A source's kinematic distance, displacement from the plane, and proximity to individual parallax sources are
also considered in generating a full distance probability density function. A more detailed description of the methods can be found in Reid, Dame,
Menten & Brunthaler 2016, Ap), in press..

The source code including the paper can be downloaded here: Bayesian_distance_v1.0.tar (~5 MB).

Enter Galactic Longitude. Latitude (in degrees) and the LSR velocity (in km/s)
Longitude: 30 s

Latitude: o -

VLSR" 87 km/s

Par: 0.5

Submit
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Distance: 4.78 +/- 0.37 kpc

Prob: 0.93, Spiral Arm: Scutum near
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Filling in the Spiral Structure with Cataloged Sources

e RN ~2000 HMSFRs:

Kinematic ~ ‘e . /& sgs . - : Water & methanol masers
distances only = 7 N w ik, .

(Valdettaro et al. 2001)
(Pestalozzi et al. 20059)

H II regions
(Anderson et al. 2012)

Red MSX sources
(Urquhart et al. 2014)

. Confident arm assignment

Uncertain arm assignment




