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G007.47+0.05 H2O Maser Parallax

Sanna et al (2017)



Milky Way spiral structure:

• Dots are newly formed O-type stars
• Colored by spiral arm

o Red      = Norma-Outer arm
o Blue     = Scutum-Centaurus-OSC arm
o Purple = Sagittarius-Carina arm
o Black    = Perseus arm

• Cyan is Local arm "segment"

• Milky Way is a 4-arm spiral (with some extras)

G007.47+0.05

Reid et al (2019)
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Milky Way’s Rotation Curve
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AASTEX Inverse Multiview Calibration I 5
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Figure 1. Sky distributions of the three clusters of quasars used for these tests. Targets (red circles) are surrounded by 5 or 6
calibrators (black squares) with mean separations (left to right) 2.8, 6.7 and 7.5�.

Figure 2. The University of Tasmania VLBI array used
for these observations includes the Ceduna 30m (Cd, or-
ange square), Hobart 26m (Ho, green circle), Katherine 12m
(Ke, red star) and Yarragadee 12m (Yg, blue triangle). Geo-
graphic longitude and latitude are plotted on the x-axis and
y-axis respectively.

4. The target quasar was fit for phase and rate using
the task FRING, and the solutions were applied
to both the target quasar and its ring calibrators
using the task CLCAL.

5. The calibrators were imaged using the task
IMAGR, and their peak emissions were fitted with
the task JMFIT.

6. The above process was repeated for all four epochs
and the positions of the ring calibrators were
shifted to the mean measured o↵set with the task
CLCOR/ANTP. This minimizes possible phase
wrapping (see Section 3.1). After the position cor-
rections were applied to the data, a second itera-
tion of the same calibration process was under-
taken (from step 3, skipping this step).

7. The data for the ring calibrators were averaged in
frequency using the task SPLAT and a fringe fit for
phase was performed using the task CALIB. The
task TBOUT was used to print out the CALIB
phase solutions so that they could be used for iMV
fitting.

8. The target quasars were averaged in frequency
with task SPLIT.

At VLBI resolutions, many sources are somewhat re-
solved and this can lead to additional phase variations
(structure phase). For sources that are partially re-
solved, preliminary self calibration may be used (be-
tween steps 3 and 4) to correct for the structure phase
of each calibrator and target separately. We found that
the targets and calibrators selected for these observa-
tions were su�ciently compact as to not require this
correction.

3. ANALYSIS

3.1. Phase Wraps

The initial correlation used the catalogue quasar posi-
tions and antenna location which have a reported accu-
racies of 0.3 mas and 1 cm respectively, su�cient to yield
residual interferometric phase variations of . 120� over
a track (at 8.3 GHz with a 3500 km baseline). With this
e↵ect alone, phases should therefore remain in the same
�180�,180� wrap over the track. However, the residual
tropospheric and ionospheric delays generally introduce
phases which can vary many times this amount over a
track.

Due to the abundance of relatively strong (> 300 mJy)
quasars in our data, we could measure the residual delay
present after preliminary calibration (but before phase-
referencing). We performed a fringe fit for multi-band
delay (with task FRING) on target quasars and FFB
quasars, and this revealed that there were residual de-
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Fig. 1.— Data (green dots), model (blue circles), and residuals (red crosses) for multi-band

delays from a solution to all three geodetic blocks simultaneously. Only residuals for baselines
involving the reference antenna (PT) are plotted; standard VLBA 2-character antenna names
indicate the interferometer baseline. For each antenna, we solved for a vertical atmospheric

delay and its time derivative and, except for the reference antenna, a clock and its time
derivative. NB: 0.1 nsec ≈ 3 cm of path delay.
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Advanced VLBI Astrometric Calibrations

Tropospheric (H2O) calibration
(Reid et al 2009)  

"MultiView" Ionospheric “wedge” calibration
(Rioja & Dodson 2017; Hyland et al 2022) 



Kinematic Distances
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3D Kinematic Distances

Reid 2022 (arXiv220506903)

https://ui.adsabs.harvard.edu/


3D Kinematic vs Parallax Distances



Completing the Milky Way map:

Parallax in progress (Australia-New Zealand)

3D Kinematic distances (soon)



 
 
 
 

 
A 2-D picture of the Milky Way with plan oblique view about 45 degree 


