
Mapping Spiral Structure with Trigonometry 
 T. M. Dame,  Harvard-Smithsonian CfA 

Benjamin, Hurt, & the Spitzer/GLIMPSE Team 

*	
  

*	
  Maser parallax surveys with VLBI (BeSSeL, VERA, EVN)	
  



Mapping Spiral Structure with Trigonometry 
 T. M. Dame,  Harvard-Smithsonian CfA 

Benjamin, Hurt, & the Spitzer/GLIMPSE Team 

*	
  

*	
  Maser parallax surveys with VLBI (BeSSeL, VERA, EVN)	
  

Morgan, Whitford, & Code (1953) 



Mapping Spiral Structure with Trigonometry 
 T. M. Dame,  Harvard-Smithsonian CfA 

Benjamin, Hurt, & the Spitzer/GLIMPSE Team 

Morgan, Whitford, & Code (1953) 

Perseus	
  

Local	
  

Sagi0arius	
  



Kinematic Distances: Issues 

• Bi-valued within solar circle 

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

• Fails toward Galactic center and anticenter 

• Must know rotation curve, including Ro, Θo, and 
  solar peculiar motion 



Recent Spiral Structure Studies  
Based on Kinematic Distances: 

H I Surface Density  
(Nakanishi & Sofue 2003) 

H II Regions  
(Anderson et al. 2012) 

Molecular Clouds  
(Rice et al. 2016) 

Not up to the job! 



BeSSeL	
  -­‐	
  intro	
  

5000 hours of VLBA time over 5 years to 
measure maser parallaxes and proper motions in  

high-mass star forming regions   

~100 masers 
PUBLISHED 

~100 more 
RECENTLY COMPLETED 

 ~20 distant sources 
IN PROGRESS 
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Hipparcos, Gaia, & BeSSeL 
 

•	
  

Hipparcos 
10% distance error 

10% distance error 
for σπ = 10	
  µas 

 

*	
  G048.60 
W49N *	
  

    Parallax Errors 
 
Hipparcos: 1000 µas 
 
Gaia: 10 – 20 µas 
 
BeSSeL:  5 – 20 µas 



Sample Parallax Data 

W49N G048.60+0.02 

π  = 90 ± 7 µas 
D = 11.1 ± 0.9 kpc   

π  = 93 ± 5 µas 
D = 10.7 ± 0.6 kpc   

Bkg quasars Bkg quasars 

(Zhang et al. 2013)	
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Spiral Arms Traced with Maser Parallaxes 
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Spiral Arm Widths: 4 Nearby Galaxies 
Honig & Reid (2015) 



Finding the Distance to Any Spiral Arm Source 
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l = 30°, b = 0°, v = 87 km/s 

D = 4.78 ± 0.37 kpc (93%) 
D = 9.26 ± 0.68 kpc (  7%)  



h0p://bessel.vlbi-­‐astrometry.org/	
  





Water & methanol masers 
     (Valdettaro et al. 2001) 
      (Pestalozzi et al. 2005) 
 
H II regions   
    (Anderson et al. 2012) 
 
Red MSX sources 
    (Urquhart et al. 2014) 

 

Kinematic  
distances only 

Filling in the Spiral Structure with Cataloged Sources 

~2000 HMSFRs: 
	
  


