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Why changing to CASA? 

What are the advantages of CASA? 

CASA pipeline development 
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Conclusions 

Maser astrometry (optional) 
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• AIPS (Greissen+ 2003, and various AIPS memos) developed in the 80s 

• Official support for AIPS has been discontinued 

• Limited support for batch processing 

• Not easily scriptable even despite ParselTongue (Kettenis+ 2016), 
especially not for the “python generation” 

Reasons for changing AIPS



Common Astronomy Software Applications

• Secure development future (ALMA, JVLA) 

• python based, well equipped for batch processing 

• easy for scripting 

• auto logging 

• mpi scaling to deal with large data volumes for several tasks (divide 
jobs over several nodes) 

• Well documented: CASA guide online tutorials, CASA cookbook, AIPS-
CASA cheat sheet, CASA task reference manual



• CASA originally for connected interferometry-> no need to for determining 
rates and delays (see lectures by Stan/Paco) 

• In VLBI phase can change with frequency or time due to:position errors 
(antenna and source), antenna systematics (LO off sets), atmospheric 
interference etc. 

• CASA fringefit task (JIVE/BlackHoleCam) solves for phases, delays and 
rates 

• present in CASA since version 5.4: ready for VLBI!

Getting ready for VLBI

observed phase

determined by fringefit (Schwab-Cotton algorithm)

ratedelayphase 
offset



Comparison of fringe (AIPS)/fringefit (CASA) for a point source

Comparisons with AIPS: fringe functionality

van Bemmel et al. (2019)



Comparison of fringe (AIPS)/fringefit (CASA) for a extended 
source

Comparisons with AIPS: fringe functionality

van Bemmel et al. (2019)



• more VLBI specific tasks added (aside fringefit) 

• ex. importing through importfitsidi (exporting by 
exportuvfits) 

• CASA VLBI tasks still experimental (user feedback is strongly 
welcome!)  

• CASA VLBI capabilities improve with every CASA version (as does CASA)

CASA ready for VLBI : ongoing evolution



• clean structure 

• the measurement set: “data” and 
“corrected” 

• calibration tables are external, when 
applied they work on “data” and create 
“corrected” 

• application of calibration tables on-the-fly 
(for example when fringefitting) 

• good flagtable management (save/restore)

Advantages of CASA: data structure

c
datacolumn: 

“data” 
uncalibrated 

uv-data

datacolumn: 
“corrected” 
calibrated 
uv-data

Apply the calibration table 
(applycal)

measurement set:

Calibration table



CASA working structure

more calibration tables

Casa logs calibration tables

flag versions 
measurement set 

fitsIDI files



Advantages of CASA: visualisation

• the plotms gui tool (slow, but powerful) 

• selecting various axes, coordinate transformation, coloring by type 

• inspecting: obtaining the provenance of a uv datapoint 

• writing out images

Select 
ms
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Advantages of CASA: visualisation

• the plotms gui tool (slow, but powerful) 

• selecting various axes, coordinate transformation, coloring by type 

• inspecting: obtaining the provenance of a uv datapoint 

• writing out images

Transform 
Frame



Advantages of CASA: visualisation

• inspecting calibration table with plotcal (fast) 

• coloring by parameter, selecting axes, writing out plots



• making images of uvdata is tclean/clean tasks do an inverse fourier 
transform, fit a model, subtract that and restore the residuals plus the 
model convolved by the clean beam (see Paco’s lecture) 

• tclean/clean can be done interactively 

• interactive masking: by hand, automasking, and defined masks (box, 
circle etc). 

Advantages of CASA: imaging functionality

zoom of interactive clean/tclean gui



How does clean/tclean work?

Di Francesco, NSAAC webinar 

restored image= 
residuals

+model*clean 
beam

dirty image model

residuals



CASA: imaging functionality

tclean dirty image, interactive imaging

High z radio 
galaxy 

EVN 5cm 
Liuzzo et al.



CASA: imaging functionality

tclean set cleanbox



CASA: imaging functionality

tclean iterate



CASA: imaging functionality

tclean stop cleaning



CASA: inspecting images

viewer to 
inspect your 

images and get 
image statistics

High z radio 
galaxy 

EVN 5cm 
Liuzzo et al.



CARTA is a software external to casa, made for image 
inspection

CARTA: inspecting images

High z radio 
galaxy 

EVN 5cm 
Liuzzo et al.



• rPicard: VLBI general, mm-VLBI in particular-> 1/3 EHT 
pipelines (Janssen et al. 2019) 

• e-Merlin pipeline (Moldon) 

• EVN pipeline (Marcote, in prep)

CASA pipeline development



• python based, open source, self-tuning parameters 

• built for mm-VLBI, applicable to cm-VLBI for most arrays 

• takes in fits idi/fits, writes out calibrated data (uvfits and ms), cal 
tables, calibration plots (QA), and logs 

• Optimisation of solution interval used for fringefit based on SNR 

• can be rerun many times, one can intervene semi-interactively 

• Imaging and self calibration module (separate from pipeline) can 
be used interactively 

• science reproducibility! 

• Janssen+2019, ArXiv:1902.01749

rPicard calibration pipeline 



rPicard - scheme

M. Janssen et al.: rPICARD: A CASA-based Calibration Pipeline for VLBI Data
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Calibration steps: Writing Jones tables
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Fig. 1. Overview of the rPICARD’s calibration scheme. CASA tasks used by the pipeline are written in italics. In the orange block in the middle,
distinctions are made based on which sources are used to solve for the specific calibration tables and to which sources these tables are applied.
Boxes with a solid border belong to calibration steps where all sources were used to obtain solutions. Dashed borders mean that only calibrators
were used and dotted borders correspond to solutions obtained from the science targets only. Note that the line-style of the borders only describes
the source selection, an averaging of solutions from di↵erent sources is not implied. Rectangular shaped boxes indicate solutions that are applied
to all sources. Diamonds represent solutions applied to calibrators only, circles are used when the solutions are applied to science targets only, and
trapezoids indicate intermediate calibration solutions which are not applied to the data.

4. rPICARD’s VLBI Calibration Procedures

This section describes the calibration procedures employed by
rPICARD. As per standard VLBI data reduction, the user has
to specify suitable calibrator sources for the di↵erent calibra-
tion steps in the pipeline input files. For the calibration of
the phase bandpass and other instrumental phase corruption ef-

fects, bright, compact, flat-spectrum sources should be used. For
phase-referencing, a calibrator close to the science target on the
sky is required. A linearly polarized source tracked over a wide
range of feed rotation angles is needed for proper polarization
calibration.

Article number, page 5 of 25

• loading data into 
ms 

• flagging 
autocorrelations 
and outliers 

• calibration (optimal 
solint search, 
calibrator and 
science separate) 

• apply all calibration 
tables, and write to 
uvfits

Janssen et al. 2019



rPicard - optimal solint search for fringefit
A&A proofs: manuscript no. v1_rPICARD

Fig. 3. Example plots of a fringe-fit solution interval optimization
search based on 7mm VLBA data (Section 6). Los Alamos (LA) is cho-
sen as the reference station for the scan shown. The blue points show
the FFT SNR as a function of solution interval, the horizontal red line
indicate the SNR cut-o↵ of 5 on each baseline, and the vertical red line
shows the smallest solution interval of 36 seconds needed to reach the
SNR cut-o↵ on each baseline for this scan. The top plot is showing the
baseline to the Saint Croix (SC) station which has driven the solution
interval to larger values until a detection was made when integrating
for 36 seconds. The bottom plot shows data from the same scan for the
baseline to the North Liberty (NL) station, where the source was de-
tected for each solution interval, yielding the expected increase in SNR
with the square root of the solution interval.

the calibrator sources (Section 4.5.4), which finalizes the fringe
calibration for the calibrators. If the SNR of the calibrator scans
is good enough, corrections for the antenna phase bandpass can
be obtained (Section 4.5.5). With all instrumental e↵ects taken
out, the phases of the weaker science targets are calibrated (Sec-
tion 4.5.6). More details about fringe-fitting in CASA are given
in Appendix D. It should be that all fringe-fit solutions are ob-
tained after the geometric feed rotation angle phase evolution has
been corrected (Appendix C).

4.5.1. Finding the Optimal Solution Intervals for the
Calibrator Sources

The solution interval on which the antenna-based corrections are
performed is the essential parameter for the phase calibration of
VLBI data. The shortest timescales on which baseline phases
vary are driven by the coherence times of the atmospheres above
the two stations. However, the SNR is often not su�ciently high
for the fringe-fitter to find solutions on these short timescales.
Therefore, the optimal fringe-fit solution interval should be as
close as possible to the phase variation timescales, while being
high enough to allow for reliable fringe detections for all sta-
tions. It follows, that these intervals strongly depend on the ob-
served source (flux density and structure), antenna sensitivity,
weather, and the observing frequency.
rPICARD determines phase calibration solution intervals for

each scan within an open search range, based on the observing
frequency and array sensitivity. The default search ranges are
given in Appendix F. The search algorithm uses the SNR from
the FFT stage of the fringe-fit process as a metric (Appendix D).
The FFTs are determined quickly10 and an SNR value of five
can be taken as indicator for a solid detection. The search stops
at the smallest solution interval, where the median SNR on each
baseline is above the detection threshold, as shown in Fig. 3.
Baselines where the SNR is below the detection threshold are
discarded from the search.

In the mm regime, short solutions intervals are used to cali-
brate for the atmospherically-induced phase fluctuations. Here, it
may be desirable to obtain fringe solutions for di↵erent antennas
on di↵erent timescales. Typically, this becomes necessary when
some baselines are much more sensitive than others. In that case,
fringe solutions within the coherence time can be obtained for
some stations, while much longer integration times may be nec-
essary to obtain detections for others. rPICARD solves this prob-
lem with a two-steps search on two di↵erent ranges of fringe-fit
solution intervals. The first search is done on short timescales
and for each scan, any antenna which does not detect the source
on a baseline to the reference station is recorded. In a subsequent
search for detections on longer solution intervals, all scans with
failed solutions are fringe-fitted again. Detections obtained on
the smallest successful solution interval from this second search
are used to replace the previously failed solutions. The default
search intervals are given in Appendix F.

The fringefit task is used to perform the FFT over the full
observing bandwidth for the solution interval search. Even when
instrumental phase and delay o↵sets are present in the data, the
FFT will still have a decent sensitivity. The optimal solution
intervals are determined for the bright calibrator sources first.
These sources are always easily detected and for high frequency
observations, it is beneficial to calibrate for atmospheric e↵ects
before using the calibrator data to solve for instrumental e↵ects.
For the science targets, the solution interval search is done after
all instrumental e↵ects have been solved, to get more detections
in the low SNR regime.

4.5.2. Coherence Calibration for High Frequency
Observations

The first step of fringe-fitting typically solves for instrumental
phase and delay o↵sets. This single-band fringe-fitting is done
over scan durations to maximize the SNR (Section 4.5.3). For

10 FFTs are limited only by disk I/O, while the least-squares algorithm
for a full global fringe-fit requires significant CPU time.

Article number, page 8 of 25

• you want solution intervals as short 
as possible to solve for fast-
changing atmosphere (frequency 
dependant) 

• however, you want enough SNR to 
have good fringefit solutions 

• optimal solint search is done for 
each scan per baseline for all 
stations to the reference station 
using a SNR cutoff of 5 

• Then the largest solint is used for 
fringefit (allowing reliable fringe 
detections on all baselines with 
source detections)

Janssen et al. 2019



• Download from https://
bitbucket.org/M_Janssen/picard 

• Follow readme for installation 

• contains manual 

• setup script prepares a defaut script 
for a number of arrays 

• modify input files (typically only the 
calibrators and the workdir should 
be specified)

rPicard - installation & use

13

Run setup script to 
link CASA 

installation to 
rPICARD.

14

The setup 
script can also 

prepare a 
default set of 
input files for 

different 
arrays.

The next step 
is to copy your 

input files to 
the working 
directory.

https://bitbucket.org/M_Janssen/picard


rPicard interactive imaging/selfcal module

11

rPICARD image of 7mm VLBA M87 Data

● Calibrated and imaged with 
CASA-based rPICARD 
pipeline.

● Results agree with Walker 
et al. (2018):

○ Weak counterjet.
○ Edge-brightening.
○ Large initial opening 

angle.
○ Re-collimation of 

upper arm.
7mm VLBA data of M87 from June 2013.
Project code: BW0106.

Janssen et al. 2019



• takes in idifits data, creates calibrated data, cal tables, QA plots, crude 
images and summary weblog 

• optimised for e-Merlin only 

• works automatically on L and C band continuum data 

• K band calibration possible, but not automated 

• no self calibration done 

• future plans: self cal, polarisation, spectral line, wide-field imaging 

• open source: https://github.com/e-merlin/CASA_eMERLIN_pipeline 

• (Moldon+ 2018, http://www.e-merlin.ac.uk/tools/eMCP-2.pdf)

e-Merlin pipeline

https://github.com/e-merlin/CASA_eMERLIN_pipeline


e-Merlin pipeline imaging example

Example 8: automatic imaging 
Example of an automatically generated image of an L-band data set calibrated by the pipeline. The top                 
row shows the clean image (left) and the residuals (right). The bottom row is just a zoom of the top                    
row images. In this case, a 100 microJy source is clearly detected (see bottom-left plot) without any                 
manual processing. 

  
 
 
 
 
  

Automated imaging of L-band data, detecting a 100microJansky source



• EVN 5cm C band dataset 
from 2013, EG063D, PI: 
Marcello Giroletti 

• angular resolution:
8.5x5.5mas (~1.5ly) 

• jet should be visible

Example of CASA reduction: M87 at 5cm



• manual reduction in CASA tutorial:  

• http://jive.nl/~small/FringeFitting/n14c3_tutorial.html 

• requires additional auxiliary scripts from https://github.com/
jive-vlbi/casa-vlbi 

• rPicard CASA pipeline 

• AIPS EVN pipeline

Data reduction methods to compare

http://jive.nl/~small/FringeFitting/n14c3_tutorial.html


• The flagtables, tsys and gaincurve tables have to be generated with 
dedicated python scripts outside CASA based on ANTAB and UVFLG 
tables (downloaded from the archive) 

• load data into CASA: importfitsidi 

• create tsys and gaincurve calibration tables with gencal 

• flag and apply apriori cal tables (amplitude calibration) 

• use flagmanager to save various versions of flagtables 

CASA: Apriori calibration 



• flag out autocorrelations, edge 
channels 

• look at uv coverage (color by 
antenna) 

• and amp vs uvdistance of target

First inspection of data



• fringefit determine single 
band delays (per spw/IF) on 
the fringe finder 

• applycal apply to all sources 

Calibrating the instrumental phases/delays 

before

after



• fringefit determine 
multiband delay on target or 
phase calibrator (combine spw) 

• applycal apply to target (using 
spwmap) 

• identify antennes/times to flag

Calibrating the atmosphere

after

after

before



Calibrating the bandpass

• bandpass to determine the 
spectral passband function 
on a bright target (solves for 
phases and amplitude) 

• applycal apply to target  

• identify antennes/spw to 
flag

amp before

amp after

phase after



Imaging the calibrated ms

EVN archive: 
includes selfcal

M87 (EG063D, EVN 
5cm): 
CASA reduction and 
imaging finds similar 
structure and flux 
values as AIPS

rPicard pipeline: 
run blindly, no selfcal

CASA manual: 
no selfcal, natural 
weighting

CASA manual: 
no selfcal, robust 0.5

Self calibration 
would have 
improved the 
background of the 
CASA images

peak: 1.96 Jy 
rms: 5.8 mJy

peak: 2.07 Jy 
rms: 7.4mJy

peak: 1.75 Jy 
rms: 3.8 mJy

peak: 1.96 Jy 
rms: 6.2 mJy



• CASA has become a valid new VLBI reduction 
software 

• It performs equally well as classical reduction 
software AIPS 

• CASA has a cleaner data structure, very powerful 
visualisation tasks, interactive cleaning 

• CASA VLBI is still in the experimental phase, and 
will improve with every CASA version 

• CASA VLBI pipelines available: rPicard for VLBA, 
EVN , EHT, GMVA data, e-Merlin pipeline

Take home messages





• maser is stimulated spectral line emission originating in 
environments where a pumping mechanism is available and 
velocity coherence along LOS 

• strong, compact emission, one of most used spectral lines for 
VLBI - fantastic for astrometry! 

• molecules: H2O, CH3OH, SiO, OH 

• proper motions and distances 

• internal proper motions 

• magnetic fields fields

Science with maser astrometry

6.2 Stellar masers 117

Figure 6.12: Left panel:The location of high-mass star forming regions in the Galaxy outlines a
spiral arm pattern (Reid et al., 2014). Right panel: Distances to star-forming regions in Cygnus X
complex: the insets show the fitted parallax sinoids in R.A. and declination of the SFRs, while the
white arrows (on the MSX map) indicate the 3D space motions of the SFRs (indicated by white
triangles) (Rygl et al. 2012).

with many receivers covering the 5 cm transition. Various other projects measured the kinematics of
methanol masers, by monitoring experiments not optimized for parallax as described in Sect. 6.2.1.
Here the EVN excels by making many weak features visible and tracing them over a few years.

6.2.4 Requirements and synergies (maser)

For years, the EVN has been an unique tool for the 6.7 GHz methanol studies, however, since 2013
the VLBA and LBA can carry out the same research. The most-pressing limitations of EVN data for
maser studies nowadays are (i) the poor uv-coverage in the north–south direction, which is the same
orientation as the Galactic plane where many HMSFRs and AGB stars are, (ii) the array’s sensitivity,
especially for polarization studies, and (iii) the lack of short baselines. The latter can be addressed by
the incorporation of e-MERLIN which would add baselines of <100 km. All Galactic maser science
would benefit enormously from the inclusion of African VLBI Network (AVN) for improving the
uv-coverage and the sensitivity in the southern sky opening the inner Galaxy up for unparalleled
VLBI exploration.

The EVN’s limitations for some projects like astrometry stem mostly from the sparse telescope
availability outside of the EVN sessions that is required to sample the parallax sinusoid properly to
distinguish the parallax imprint from the proper motion, the high slewing times that make phase-
reference observations very slow, and the currently scarce high frequency coverage. For these
reasons most astrometric results today are coming from the US VLBA or the Japanese VERA, which
have antennas able to perform rapid phase referencing and operate all year. The EVN, providing an
unparalleled sensitivity at the lower frequencies thanks to 70–105 m dishes, is though frequently
used for proper motion maser astrometry that does not require special scheduling constrains.

The BRAND broad band receiver from 5 to 15 GHz will permit simultaneous observations
of methanol (6.7 and 12 GHz) in full polarization mode allowing for the derivation of physical
conditions such as temperatures and densities in dense regions of high-mass star-formation sites.

EVN methanol maser astrometry of 
Cygnus X (Rygl+ 2012)



• Gas around high-mass star forming 
regions (HMSFRs) in outflows, 
envelopes, disks: maser astrometry 
reveals the gas dynamics and B field 
orientation

What is masing? 

Gas and B field dynamics in the inner 2000au of 
high-mass YSO G23.01-00.41 (Sanna+ 2015)

112 Chapter 6. Stars, stellar evolution, planetary systems

the outflow axis. By combining the magnetic field morphology with the gas motions, measured
simultaneously from the same data set, Sanna et al. (2015b) have proved, for the first time, that gas
with low turbulence moves along the magnetic field lines (Fig. 6.9). In the last 10 years Zeeman
splitting measurements of 6.7 GHz methanol masers (in particularly with the EVN) have become
more common, however, only since 2018 these measurements can be further used to estimate the
magnetic field strength (measured to be of the order of 1-10 mG), thanks to the newly calculated
Landé g-factors for all the hyperfine transitions of the methanol molecule (Lankhaar et al. 2018).
This provides important input for theoretical models of star formation.

Figure 6.9: Gas dynamics and magnetic field configuration revealed within the inner 2000 AU of
a high-mass YSO in G023.01�00.41 (Sanna et al. 2015). Empty and solid dots in the vicinity of
the hot molecular core center (star) mark the 6.7 GHz CH3OH masers emitting unpolarised and
polarised light, respectively. Arrows correspond to the local direction of the velocity of the masers
and bars represent magnetic field vectors. Magnetic field lines (dotted lines) are extrapolated from
the average behaviour of the magnetic field vectors.

Goddi et al. (2017) revealed a complex picture of water maser polarization using full polarimetric
VLBA observations: on scales of thousands AU, the magnetic field traced by water maser polarization
is aligned with the synchrotron jet in W3(H2O), though, on 10s to 100s of AU, a misalignment
between the magnetic field and the velocity vectors was revealed, and ascribed to the compression
of the field component along the shock front. Similar studies are also done using the EVN, of



What is masing?

6.2 Stellar masers 115

Figure 6.10: Left panel: Comparison of several maser lines of SiO in the AGB star IRC+10011
(Soria-Ruiz et al, 2004) Right panel: EVN-(e)MERLIN Stokes I contour maps of the 1665-MHz
flaring emission towards o Ceti with he relative polarimetric information overlaid (Etoka et al. 2017).

also of fundamental importance to derive fundamental properties of astrophysical objects. Mass,
luminosity, accretion and mass-loss rates, inferred pressures and energy balances all depend critically
on accurate distances.

In the plane of the Galaxy, precise distances and proper motion measurements are very difficult
to obtain, and Gaia distances are limited to a few kpc due to interstellar extinction. Thus, optical
astrometry will not have the capability to measure the spiral structure (or infer the Hubble type) of
the Milky Way, and neither will it resolve the kinematics of the inner Galaxy, including the Galactic
bar and bulge. These structures are of particular interest to understand the nature and history of the
Milky Way. VLBI astrometry is therefore fundamental for measuring the large-scale parameters of
the Galaxy, such as the distance to the Galactic centre and rotation curve (Reid & Honma 2014). For
the latter, measuring stellar motions and distances in the outer Galaxy is also important.

The distance and proper motions of HMSFRs, which are deeply embedded in dense molecular
clouds, can be measured through water, methanol and SiO maser astrometry. Such campaigns map
out the spiral structure of the Galaxy (Fig. 6.12, left panel) and can also provide a census of the
current high-mass star formation across the Galaxy. The tremendous reach of VLBI astrometry
includes masers in the far side of the Galaxy, with distances up to 20 kpc (Sanna et al. 2017).
Because these masers are closely associated with those sites where high-mass stars are born (e.g.
Menten et al. 1991, Breen et al. 2013), and these sites are located along the Galactic spiral arms,
maser observations also yield the dynamic scale (size and rotation) of the Galaxy. It should be noted
that low mass star formation does not produce bright (stable) masers for astrometry, though VLBI
astrometry can be performed by observing the non-thermal emission from pre-main sequence stars
(see more in Chapter Stellar evolution and planetary system).

Many AGB stars also contain maser emission and could be used for VLBI astrometry (see
Fig. 6.11). Unlike HMSFRs that are still confined to the natal molecular clouds, evolved stars move
through the Galaxy on dynamically relaxed, collision free orbits that may still carry information on
their birth events, possibly Giga years ago. The least obscured AGB stars, the Mira variables and
carbon stars, are observable by Gaia too, but Gaia’s astrometry cannot be expected to provide much
information about the enigmatic dynamics of the inner Galaxy.

Various SiO maser transitions in the envelope 
of AGB star IRC+10011 (Soria-Ruiz+ 2014)

• Gas in envelopes of evolved stars: 
different maser transitions reveal 
different pumping processes and can 
constrain the IR radiation field  

• Also B field measures possible



• Large collaboration led by Mark Reid (CfA)  

• Goal: to measure the spiral structure and Galactic parameters of the 
Milky Way 

• Method: VLBA maser parallaxes and proper motions of ~200 HMSFRs 
using methanol and water masers  

• Parallax uncertainties of up 10 microarcsecond allowing 10% 
uncertainties on 10kpc distance (see Honma&Reid 2014 review)

Bar and Spiral Structure Legacy (BeSSeL) survey



• determined pitch angles 
for the arms 

• improved determination of 
Galactic parameters:  

distance to Galactic 
centre (8.3 kpc) and  

Galactic rotation 
velocity (240 km/s)

Milky Way parallaxes 2014

Outer arm

Perseus arm

Local arm
Sagittarius arm

Scutum arm

Inner arm

Galactic structure from maser astrometry of 
VLBA, VERA and EVN arrays, Reid+ 2014



• added 8 new HMSFRs 

• Local arm (sometimes referred to as 
spur or Orion spur) has a similar pitch 
angle and star formation rate as other 
spiral arms in the Milky way. No spur! 

• new spur in between Loc/Sgr arm 
found

New BeSSeL results: Local Arm is not a spur

Local Arm structure, Xu+ 2016

the blue squares are the sources from Paper I. For Galactic context,
we also show HMSFRs in the surrounding Sagittarius and Perseus
arms (11). Almost all of the sources in the Local Arm have a distance
accuracy of better than ±10%, and half are better than ±5%, ensuring
that the spiral structure near the Sun can bemapped with unprecedented
accuracy.

DISCUSSION
Our newly measured sources at l > 70° strengthen the main conclusion
of Paper I that the Local Arm is quite long and has amodest pitch angle
and an abundant star formation. The addition of these sources improves
the accuracy and robustness of our pitch angle estimate (blue solid
curve) from 10.1° ± 2.7° to 11.6° ± 1.8°. We now know that the density
of HMSFRs in the Local Arm is comparable to that of othermajor arms
and that it stretches for >20,000 ly, almost reaching the Perseus Arm
(11 and this paper). With standard density-wave theory for grand-
designmorphologies, it would be difficult to explain this large spiral arm
segment located between the Sagittarius and Perseus arms, owing to its
narrow spacing (14). This suggests that the MilkyWay does not have a
pure grand design. Also, recent large numerical simulations suggest that

Table 1. Parallaxesandpropermotions. Column 2 is the parallax in milli–arc seconds. Column 3 is the parallax converted to distance in kiloparsec (1 pc ≈
3.26 ly). Columns 4 and 5 are proper motions on the sky, eastward (mx = macosd) and northward (my = md) in units of milli–arc second year−1, respectively.

Maser P DP

(kpc)

mx my

Name (milli–arc second) (milli–arc second year−1) (milli–arc second year−1)

G054.10−00.08 0.231 ± 0.031 4:33þ0:67
"0:51 −3.13 ± 0.48 −5.57 ± 0.48

G058.77+00.64 0.299 ± 0.040 3:34þ0:52
"0:39 −2.70 ± 0.10 −6.10 ± 0.21

G059.47−00.18 0.535 ± 0.024 1:87þ0:09
"0:08 −1.83 ± 1.12 −6.60 ± 1.12

G059.83+00.67 0.253 ± 0.024 3:95þ0:42
"0:34 −2.92 ± 0.07 −6.03 ± 0.05

G071.52−00.38 0.277 ± 0.013 3:61þ0:18
"0:16 −2.48 ± 0.04 −4.97 ± 0.07

G108.18+05.51 1.101 ± 0.033 0:91þ0:03
"0:03 +0.16 ± 0.09 −2.17 ± 0.35

G109.87+02.11 1.208 ± 0.025 0:83þ0:02
"0:02 −1.03 ± 0.10 −2.62 ± 0.27

G213.70−12.60 1.166 ± 0.021 0:86þ0:01
"0:02 −1.25 ± 0.09 +2.44 ± 0.28

Fig. 2. Location of HMSFRs determined by trigonometric parallax.
Sources presented in this paper are indicatedwith the blue circleswithwhite
outlines, and those from Paper I with blue squares. The parallax data in the
Perseus (black squares) and Sagittarius (magenta squares) arms are also
presented. The blue solid and dot lines are log spiral fits to the sources in
the Local Arm and in the spur, respectively. They have pitch angles of
11.6° ± 1.8° and 18.3° ± 5.9°. The Galactic center (red star) is at (0,0) and
the Sun (red Sun symbol) is at (0,8.34). Distance error bars (1s) are indicated,
but many are smaller than the symbols. The background gray disks provide
scale, with radii corresponding in round numbers to the Galactic bar region
(≈4 kpc), the solar circle (≈8 kpc), and corotation of the spiral pattern and
Galactic orbits (≈12 kpc). The short Cosmic Background Explorer “boxy-
bar” and the “long” bar (19–21) are indicated with shaded ellipses.

Fig. 3. Location of HMSFRs with parallaxes superposed on a CO l-V di-
agram from the CfA 1.2-m survey (22). Sources presented in this paper are
indicated with white circles with black outlines, and others with black
squares. Velocity error bars (1s) are indicated. The solid line is a log spiral
fit to the sources in the Local Arm (blue for l > 70°, black for an extrapolation
at l<70°), whereas the dotted line corresponds to the spur indicated in Fig. 2.
LSR, Local Standard of Rest.
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• added 13 new HMSFRs and extended 
the Sgr arm beyong the tangential 
point 

• distances for famous star-forming 
regions W51, M17 

• Sgr Far appears to be on average 15pc 
below the IAU defined Galactic plane

New BeSSeL results: Sagittarius Far Arm

Sgr Far Arm structure, Wu+ 2019
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Fig. 4.— Locations of HMSFRs in the Sagittarius arm on a schematic plan view of the

Milky Way from Reid et al. (2016). Red squares are 13 sources reported in this paper;

blue circles are 18 HMSFRs from Wu et al. (2014). The yellow triangle is G048.99�00.29

from Nagayama et al. (2015). Sources are located by the parallax measurement, assuming

distance is the inverse of the parallax, and the lines indicate distance uncertainty by adding

and subtracting the parallax uncertainty from the parallax.



Across Sgr Near arm we find motions of HMSFRs are correlated 
with Galacto-centric distance - something which is expected in 
simulations that study the dynamical influence on spiral arms.

New BeSSeL results: Sagittarius Near Arm

Sgr Near Arm kinematics, Rygl+ 2019, EVN Symposium

Astrometry of the Sagittarius spiral arm K. L. J. Rygl

s�1(Schönrich et al. 2010). We investigate the ensemble of the literature and our preliminary U
and V peculiar motions with respect to Galacto-centric radius and Galactic azimuth. Note that we
have removed the kinematic outlier G049.04�01.07, since it has a large non-random motion, and
IRAS 19213 and W51 IRS2 which had a parallax uncertainty larger than 20%.

While no particular correlation is found for Galactic azimuth angle, both U and V tend to
increase with Galacto-centric radius (Fig. 4): their correlation coefficients are 0.58 and 0.68, re-
spectively, indicating that the possibility for this distribution being accidental is less than 5 and 1
percent, respectively. Because for a log-periodic spiral the radius and azimuth are mathematically
correlated we calculate the separation from the spiral arm centre (defined by the log-periodic of Wu
et al. 2014) for all the HMSFRs, where HMSFRs with negative separations are inward of the arm
centre, and HMSFR with positive separation are outward of arm centre. Figure 5 shows that V is
still, albeit weaker, correlated with separation from spiral arm centre (chance probability < 0.05),
however, the correlation for U is quite weak. The HMSFR velocity field thus suggests a kinematic
pattern for the Sgr near spiral arm: inward of the spiral arm centre HMSFRs tend to rotate slower
and outward of arm centre HMSFRs tend to rotate faster. Patterns for radial motion would require
more and more precise data.

Figure 4: Left: Radial motion (U) versus Galacto-centric distance, note that U is positive when directed
inward. Right: Azimuthal motion (V ) versus Galacto-centric distance, note that V is positive when directed
with Galactic rotation. Magenta diamonds are values obtained in this work, red circles are literature values
(see text for references).

Simulations have demonstrated the dynamical influence of the spiral arms quantified in well-
defined patterns of peculiar velocity fields (see, for example, Grand et al. 2016). Grand et al.
(2016) find that particles move radially outward (inward) and rotate backward (forward) on the
trailing (leading) edge of the spiral arm. The combination of such a velocity field would then re-
sult in streaming motions along the spiral arm which consequently would permit radial migration
across spiral arms. With our current sample of HMSFRs of Sgr Near, we find a similar signature
in azimuthal motion, but we cannot constrain the radial motion. Future, larger samples of HMS-
FRs with VLBI astrometry might though provide a good observational testing ground for these
theoretical predictions.
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• AVN and masers by James Chibueze 

• YSO astrometry in continuum by Gisela Ortiz-Leon 

• Evolved stars and masers by Elizabeth Humpreys 

• EAN and Masers by Taehyun Jung 

• Megamasers by Jim Braatz

More about masers and astrometry in this meeting


