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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

The structure and kinematics of the Milky Way Galaxy and the formation of its
massive stars as seen with maser VLBI

Name: Ross Alexander Burns

This PhD these is about the structure and kinematics of the Milky Way Galaxy, traced by the distance
and motions of its massive stars — using very long baseline interferometry at radio wavelengths.

Chapter 1 is an introduction. First 1 will discuss the relationship between massive stars and the spiral
appearance of the Galaxy. In this I will explain how knowing the distance and 3D motion of massive stars in the
Galaxy tell us about the structure and kinematics of the Galaxy — in addition to helping us to understand how
massive stars form.

Chapter 2 is on Masers. All science discussed within the topics of massive star formation and Galactic
structure and dynamics is made possible by using masers. Therefore | will explain what is a maser; what
conditions and environments produce maser emission. Additionally 1 will discuss how masers amplify
exponentially with respect to the path length of the emitting gas — this gives rise to maser ‘burst’ events. 1 will
discuss maser burst theory and evidence from my observations of a maser burst in S235AB-MIR.

Chapter 3 is about Very long baseline interferometry (VLBI). VLBI is the only astronomical technique that
can give the 3D motions and annual parallax of young embedded stars, which forms the basis of this thesis.
Therefore it is important to discuss VLBI observation and data reduction. In this section | will also introduce
special techniques in VLBI such as inverse phase referencing and also | will discuss how the astrometry results of
VLBI observations is disentangled into three components: internal motions in the star, systemic group motion of
the whole region, and motion due to annual parallax.

Chapter 4 is on massive star formation. | will discuss the current status and standing issues with the
theories of massive star formation. In this section I will give a deep discussion into how material accretes onto
the central object. Theories conclude that accretion requires removal of angular momentum from the disk which
feeds the star — here | will discuss my results on the massive star forming region known as S235AB-MIR which
appears to have a rotating jet which may be capable of angular momentum transport. Furthermore | will discuss
the episodic nature of accretion and ejection, which is another characteristic expected from theories. Here | will
discuss my results from a massive star forming region known as 1C2162, which shows evidence of episodic
ejection.

In Chapter 5 I discuss on Galactic structure and kinematics. To discuss the structure of the Galaxy | will

bring together data from all of my parallax results (IRAS20056+3350, IRAS20143+3634, S235AB-MIR,

1C2162) to update the current ‘map’ of the Milky Way Galaxy, which has been compiled from VLBI distance
measurements. | will introduce the Galactic constants, which are a set of parameters that describe the size and
rotation of the Galaxy. Here | will discuss the history of the Galactic constants and the various ways in which
they were measured or estimated. Finally, using VLBI results from star forming regions on the solar circle and
tangent points (regions of special geometry in our Galax) | will discuss estimation of ‘Omega zero’ which
describes the angular rotation of material near the Sun about the Galactic center.

Chapter 6 is the summary of this thesis.
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