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Abstract 

While it is known that the Milky Way is a barred spiral 
galaxy, the precise locations of the spiral arms are not 
easily derived by observations, because of the Sun’s 
location in the disk plane. The Galactic disk is large 
(radius of ~15 kpc) and the high dust obscuration in the 
disk plane limits distances from optical astrometry to a 
few kpc. The Bar and Spiral Structure Legacy (BeSSeL) 
programme and the Japanese VERA project measured 
parallaxes and proper motions, via VLBI maser 
astrometry, for more than 200 high-mass star-forming 
regions out to a distance of 20 kpc. BeSSeL has provided 
a new parametrisation of the spiral arm structure and 
determined the fundamental Galactic parameters. The 
BeSSeL results presented here have been published in [1]. 

1 Masers in high-mass star-forming regions 

Most of the molecular gas in the Milky Way is 
accumulated in spiral arms. High-mass stars are formed in 
the most dense and cold parts of molecular clouds and can 
thus be used to trace spiral structure. High-mass star-
forming regions often emit maser emission: masers are 
strong and compact beacons emanating from the direct 
surroundings of proto-stellar objects. 

Masers arise during the evolution of the protostar: as the 
young star accretes matter it will loose angular 
momentum through molecular outflows and heat up, 
emitting strong infrared radiation. Both the outflow and 

the infrared radiation will interact with the dense cloudlets 
in the direct surrounding of the protostar, and conditions 
for maser emission may occur, either through collisional 
or radiative pumping. 22 GHz water and 6.7 GHz 
methanol masers are the strongest maser transitions 
associated with high-mass star formation [2]. Thanks to 
the high brightness temperatures of masers and their 
compactness, they are excellent position markers with 
radial velocity information of high-mass star-forming 
regions in spiral arms. 

2 The Milky Way’s spiral structure  

Very long baseline interferometry (VLBI) observations of 
masers allow one to measure parallaxes and proper 
motions down to 10 µas accuracy [3]. VLBI maser 
astrometry can thus measure accurate distances across the 
whole Milky Way, even beyond the Galactic Centre [4]. 
Maser parallaxes are highly complementary to optical  
Gaia astrometry, which due the high dust obscuration in 
the Galactic disk cannot measure distances beyond a few 
kpc. 

BeSSeL was a large Very Long Baseline Array (VLBA) 
programme to measure the astrometry of ~150 high-mass 
star forming regions across various spiral arms accessible 
from the Northern hemisphere using water and methanol 
masers. Combined with the Japanese VERA project, and  
previous parallax measurements from the VLBA, 
European VLBI Network (EVN) and Long Baseline Array 
(LBA), a dataset of ~200 high-mass star-forming regions 
with parallaxes and proper motions was obtained.  
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Figure 1. Plan view of the Milky Way showing the 
locations of the high-mass star-forming regions from 
maser astrometry. Galactic rotation is clockwise. The Sun 
(red Sun symbol) and Galactic Centre (red asterisk) are 
indicated. Solid lines are fitted log-periodic spirals with a 
kink (K), spiral arm widths are indicated by dashed lines. 

The distribution of high-mass star-forming regions in the 
Galactic plane is shown in Figure 1. Spiral arm 
membership (colour-coded in Figure 1) was assigned via 
radial velocity in the position-velocity diagram of gaseous  
tracers or via a parallax-based distance estimator [5]. For 
each spiral arm dataset, the spiral arm properties were 
derived by fitting log-periodic spirals. Each spiral arm 
was allowed to have one kink, at an  azimuth (βkink) and 
Galacto-centric radius (Rkink) where the pitch angle (ѱ) 
changes. 

Following Eq. (1), the spiral arm parameters for the Outer, 
Perseus, Local, Sagittarius-Carina, Scutum-Centaurus, 
Norma, and 3 kpc arms were derived (Figure 1).  Using 
the observed spiral arm tangencies in HI and CO 
emission, the spiral arms were extended even in the fourth 
Galactic quadrant (Q4). 

3  Galactic Parameters updated 

With 3D positions and 3D velocities (proper motions and 
radial velocity), one can transform the velocities from a 
heliocentric frame to a Galacto-centric frame, determining 
the U, V, and W motions, directed towards the Galactic 
Centre, in direction of Galactic rotation, and toward the 
Galactic North Pole, respectively. These motions are 
representative of the Galactic rotation curve, described by 
the distance of the Sun to the Galactic Centre, the 
rotational velocity at the Sun’s position, the shape of the 
curve, the peculiar motion of the Sun, and the peculiar 
motion of the high-mass star-forming region itself. 

 The UVW motions of high-mass star-forming regions 
were modelled to arise from axisymmetric Galactic 
rotation with some average non-circular streaming 
motions for the star-forming regions owing to, for 
example, super-bubble expansion. The best fitting model 
resulted in a distance to the Galactic Centre of 8.15±0.15 
kpc, and a circular rotation speed, θ0, of 236±7 km/s at the 
Sun’s position. In fact, the Solar motion is a source of 
uncertainty, and θ0+V0 is better constrained than θ0 alone. 
Adding astrometry data of sources in the fourth Galactic 
quadrant, accessible only from the Southern sky, would 
further improve our model. 

4  The Galactic plane 

High-mass star-forming regions are expected to be located  
very close to the Galactic plane and therefore may be used 
to refine the IAU-defined Galactic plane. The distance 
perpendicular to the Galactic plane (Z) can be obtained 
from the 3D position (X, Y, Z) calculated from the 
parallax-based distance and Galactic coordinates (l, b). 

Figure 2. High-mass star-forming regions (within 7 kpc 
from the Galactic Centre), located at the cone-tips, as seen 
3 degrees from above (top panel) and below (bottom 
panel) of  the IAU defined Galactic plane (ZIAU). Negative    
ZIAU values are clearly favoured. Note: the ZIAU axis is in 
pc, while the X and Y  axes are in kpc. 

We used a sample of high-mass star-forming regions 
within 7 kpc of the Galactic Centre, to avoid effects of 
disk warping. Figure 2 shows their tight distribution in the 
IAU Galactic plane; there are more sources at negative 
ZIAU, indicating that the Sun is located above the Galactic 
plane. Based on this dataset we derive the Sun’s height 
above the Galactic plane to be ZSun=5.5±5.8pc. Using this 
value to shift the Galactic plane value, we then find that 
high-mass star-forming regions have a scale height of 
19±2pc.  

ln(R/Rkink)= -(β - βkink)tanѱ (1)
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