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JIVE and the EVN

e JIVE is an ERIC

e Supports the European VLBI
Network (EVN)

 Operates the EVN correlator

e Maintains corelator software
(SFXC)

* Provides user support

(including data reduction
support)

" JIVE

- Vﬂk\ Joint Institute for VLBI

ERIC




Why CASA?

Common Astronomy
Software Applications




!

\ | .
& u\.u.ﬂun{fi‘:i‘lllfltftbt;.‘f'!"“ A‘k | h o4
i YRR /7

B x == - -

 Can’t break ALMA (nor the VLA); rigorous code review (JIRA) and Cl (Bamboo)
e Source code available in Bitbucket

 No more support for self-hosted installation of Atlassian Suite?



VLBI support in CASA .

Make CASA viable for generic VLBI data reduction JIVE

* New functionality:
» importfitsidi: Import data in FITS-IDI format; includes more calibration metadata now
* fringefit: wide-band fringe fitting, memory usage optimisations
* (General calibration infrastructure improvements
e per-scan interpolation
* better handling of partially flagged data
 Under development:

e EOP calibration



VLBI with CASA
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Our OSSR contribution
Jupyter-CASA

» Software behind the JupyterLab-
based Science Platform (WP5)

 Comes with a Jupyter notebook
iImplementing EVN calibration pipeline

* Integration with EVN Archive (through
VO service from WP4)

 Code at:
https://github.com/aardk/jupyter-casa

* Docker/Singularity images on Zenodo

Simple

evn_continuu... - JupyterLab X + R T
(@ A} & jupyterhub.jive.eu/user/aardk/lab/tree/N14C3/evn_continuum_N14C3.ipyr a~ O A » [ & =
File Edit View Run Kernel Tabs Settings Help
[+ I C [ evn_continuum_N14C3.ipynt® | +
o] ® + XD 0O » m G » Cde v sugMmITNOTEBOOK Casn O
m / N14C3 / Create bandpasses for the reference antenna
Name = Last Modified [20]: plotms(vis=vis, xaxis='frequency', yaxis='amp',ydatacolumn="data', MV E F R
£ % % A antenna=refant, correlation="11',coloraxis="baseline’,
B8 clean_pl.mask 2 months ago scan=sbdscan,averagedata=True, avgtime='600', highres=True)
B clean_pl.model 2 months ago
Amp vs. Frequency
BB clean_pl.psf 2 months ago
0.035 a
BB clean_pl.residual 2 months ago y e
B8 clean_pl.sumwt 2 months ago 3 ;\. .°$ -’;,,.
B8 clean_tlimage 2 months ago 0.030 5 ."’"\ . <
B8 clean_tl.mask 2 months ago 7 : ’{._I\. '.‘ ." % ‘_
~ .. /o = " = ‘ L .o £
B clean_tl.model 2 months ago 0.025 — ., :. -, A .,.‘ 2 B .
B clean_tl.psf 2 months ago i 5 = ﬁ, - w.‘ e A . . .
| i B L P 2 Y W Taa, VR
B8 clean_tlresidual 2 months ago i » B F il o« ™ “ ‘M“ —
0.020 - 3 o . v an . : s
B clean_tl.sumwt 2 months ago & 1 ’:‘.,'ho\ ‘;ad\ ° ::\w.,.: :\‘\f‘, ’SN\.‘ .'rg ..: : ’ .‘\v\t‘
1 . . o’ B 3 * . ° 4
B EVN.gc 2 months ago s : .’/‘/./f '-“'M‘r, o S l.\f.;\.. .‘M\.; A -.M "":\w
B J1849.ms 2 months ago 0.015 — o e : f ¢ o T R\ O b LA
| e AN 8 o Y e ol
B8 nl4c3_debug.bpass 2 months ago - r¥ " ‘.4 °; Wl «% ¢ ™ of\. é ‘5: S
- 2 s P Atz e T\ S s oy W
® nl4c3_debug.gcal 2 months ago s i 5:\;;\ '/-/\. s '.'"”N" . ..‘ .t "'\ : L% ‘; :: "S:'“\.f
B8 nl4c3_debug.mbd 2 months ago : - S o ¢ v/ . . By N ;
- = il . y ° e
‘__' s @ o o ® | LK p “ S in NG
B nl4c3_debug.sbd 2 months ago i s {/—\ L | Gt m.: ,:.-\__‘ J_,\_\: * oo /“\{
B8 nl4c3_debug.tsys 2 months ago 0.005 — oe i *s % % ' L4
] * ., T & :\\- . s .
B8 nldc3.ms 2 months ago - - il 2 :\'\:' .:."‘""‘: i ..'..N"\. .’H-\;
- “ * 3 S ® @
BB nl4c3.ms.flagversi... 2 months ago .
N 0.000 - ' : : . ' . . , , ' ]
lycal.last 2 th ! S T
applycal.las onais.a00 4.92 4.94 4.96 4.98 5.00 5.02 5.04 5.06
(™ bandpass.last 2 months ago Frequency (GHz) GEO

)
)

casa-20220824-16...
casa-20220922-14...

« [M] evn_continuum_N1...

2 months ago
5 minutes ago

a minute ago

1 0@ Casalldle

» LOG (click to expand)

plotms(vis=vis, xaxis='frequency', yaxis="amp',ydatacolumn="corrected’,

Mode: Command &

Ln 2, Col 27

evn_continuum_N14C3.ipynb

v


https://github.com/aardk/jupyter-casa

Publications of the Astronomical Society of the Pacific, 134:114501 (17pp), 2022 November
© 2022. The Author(s). Published by IOP Publishing Ltd on behalf of the Astronomical Society of the Pacific (ASP). All rights reserved

OPEN ACCESS

https://doi.org/10.1088 /1538-3873 /ac9642

CrossMark

CASA, Common Astronomy Software Applications for Radio Astronomy

The CASA Team, Ben Bean', Sanjay Bhatnagar2
Enrique Garcia®, Robert Garwood”
Mingyu Hsieh2 Preshanth Jagannathan
Federico Montesrno3 , Takeshi Nakazato®

Kanako Sugimoto Ville Suoranta Takahiro Tsutsumi”
Wel Xrong Arpad Szomoru®

Abstract

CASA, the Common Astronomy Software Applications, is the primary data processing s
Large Millimeter/submillimeter Array (ALMA) and the Karl G. Jansky Very Large
frequently used also for other radio telescopes. The CASA software can handle data fro Aard Keimpema;
synthesis, and Very Long Baseline Interferometery (VLBI) telescopes. One of its core fun
the calibration and imaging pipelines for ALMA, VLA, VLA Sky Survey, and the Nobeya
paper presents a high-level overview of the basic structure of the CASA software, as

, Sandra Castro®
, Kumar Golapz, Justo Gonzalez Villalba3, Pamela Harrisz, Yohei Hayashis, Josh Hoskins4,
, Wataru Kavvasaki5
Joshua Marvil?, Joseph Masters”, Andrew McNichols®, David Mehringer4
, Juergen Ottz,
Darrell Schiebel4, Neal Schweighart4, Srikrishna Sekhar”’

Dirk Petry3
, Kazuhiko Shimada Des Small Jan- Willem Steeb4,
, Ilse M. Van Bemmel®

Morgan Griffith?, Brian Glendennlng anc o - o
! National Radlo Astronomy Observatory, 800 Bradbury Dr., SE Ste 235, Albuquerque, NM
% National Radio Astronomy Observatory, P.O. Box O, Socorro, NM 87801, US/ <« c
European Southern Observatory, Karl Schwarzschild Strasse 2, D-85748 Garching, Gg¢
4 National Radio Astronomy Observatory, 520 Edgemont Road, Charlottesville, VA 22903, USA; casa-feedback
> National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588
© Joint Institute for VLBI ERIC, Oude Hoogeveensedijk 4, 7991 PD Dwingeloo, The Ne
Inter—Un1vers1ty Institute for Data Intensive Astronomy, University of Cape Town, Rondebosch, Cape
Received 2022 June 14; accepted 2022 September 27; published 2022 November

, Jennifer Donovan Meyer4 , Bjorn Emonts™® ,

, Aard Keirnpema6 , Mark Kettenis6, Jorge Lopez4 s
, Renaud MielS, George Moellenbrock” ,
, Martin Pokornyz, Ryan Raba4, Urvashi Rauz,

Marjoleln Verkouter , Akeem Wells4,

@ Jupyter-CASA | Zenodo

October 3, 2022

Jupyter- CASA

Mark Kett

calibrating and imaging astronomical radio data in CASA. CASA is being develog
consortium of scientists and software engineers based at the National Radio Astronomy O
European Southern Observatory, the National Astronomical Observatory of Japan, and the riies (3168

European Research Infrastructure Consortium (JIV-ERIC), under the guidance of NRAC
Unified Astronomy Thesaurus concepts: Single-dish antennas (1460); Aperture synthesis

(1338); Radio interferometry (1346); Long baseline interferometry (932); Astronomy sof
source software (1866); Software documentation (1869); Astronomy data reduction (186

analysis (1858)

1. Introduction

Radio astronomy is a discipline that heavily relies on
computational resources to image the sky at wavelengths
ranging from roughly 10m to 300 yum (e.g., Condon &
Ransom 2016; Thompson et al. 2017). The Common
Astronomy Software Applications (CASA)’ (McMullin et al.
2007) is a software package that enables the calibration,
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@ Preview

A Jupyter kernel for CASA, a popular data processing suite for radio astronomy. The software is packaged together with
CASA as a Docker container.
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Abstract

) process Very Long Baseline Interferometry (VLBI) data has been implemented in the CASA

les two new tasks to handle fringe fitting and VLBI-specific amplitude calibration steps. Existing
isted to handle VLBI visibility data and calibration meta-data properly. With these updates, it is
ocess VLBI continuum and spectral line observations in CASA. This article describes the
nplementation, and presents an outline for the workflow when calibrating European VLBI
ong Baseline Array data in CASA. Though the CASA VLBI functionality has already been
s part of the Event Horizon Telescope data processing, in this paper we compare results for the
sed in CASA and AIPS. We find identical results for the two packages and conclude that CASA
ms better, though it cannot match AIPS for single-core processing time. The new functionality
easy development of pipelines or Jupyter notebooks, and thus contributes to raising VLBI data
it day standards for accessibility, reproducibility, and reusability.

ymy software — Very long baseline interferometry — Radio astronomy

roduction
ackground

g Baseline Interferometry (VLBI)
sed data using the National Radio
\AO) Astronomical Image Proces-
e package (Greisen 2003). How-
1e Common Astronomy Software
lin et al. 2007) has replaced AIPS
ons in radio astronomy. Requiring
BI observations to learn AIPS is a

In addition, with the changing
er growing data volumes, AIPS is
. are increasingly harder to over-
ar challenge was the calibration of

m this work may be used under the terms

or e ereanvecommons Attribution 4.0 licence. Any further

distribution of this work must maintain attribution to the author(s) and the title
of the work, journal citation and DOI.

high-frequency, global VLBI observations carried out with the
Event Horizon Telescope (EHT; Event Horizon Telescope
Collaboration 2019b). To overcome this challenge the ERC-
funded BlackHoleCam project (Goddi et al. 2017), initiated the
development of the CASA-VLBI functionality which led to the
development of the first CASA-based calibration pipeline for
VLBI data (Janssen et al. 2019; Event Horizon Telescope
Collaboration 2019a).

This development was preceded by a detailed comparative
study among the main radio-interferometric data processing
software packages currently in use. The comparison scored
each package on its suitability to build a pipeline for VLBI
observations by comparing reliability, flexibility, sustainability,
user access and support. From this exercise, CASA and AIPS
were found to be the best options, with CASA being the prime
choice due to continuous and future software development and
extensive support for users of large observatories such as
ALMA and VLA (see Appendix). The development of the
CASA VLBI functionality has in the meantime matured into a



Future of CASA

JIVE

* Scalability of CASA is not great
 CNGI prototype
* Uses Dask, xarray, ...
* To replace casacore in ngCASA (to go with ngVLA)
* More Python instead of C++
 EU Infratech RADIOBLOCKS project: use these technologies to speed up fringefit task
* NRAO hired a developer for developing VLBI (for VLBA/ngVLA)
* JIVE will continue VLBI development in CASA (in collaboration with NRAO)



Future of Jupyter-CASA .

JIVE

e CASA 6 replaced CASA 5
* |ncludes a Python wheel-based installation
 CASA in Jupyter is now a priority for NRAO

o Offering several Jupyter-based tutorials (including one for VLBA)

* Does not offer a JupyterLab environment

» JIVE offering continues to serve as basis for our Science Platform



ome thoughts on OSSR

e Could contribute more software to OSSR;:
e SFXC software correlator

 Parsellongue

OSSR not main entry point for Radio Astronomers
 CASA already widely known within community

* Science Platform likely more important
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Resolving the Emission Regions of the Crab Pulsar's
Giant Pulses Il. Evidence for Relativistic Motion

Rebecca Lin, Marten H. van Kerkwijk, Robert Main, Nikhil Mahajan, Ue-Li Pen, Franz
Kristen

The Crab Pulsar is the prime example of an emitter of giant pulses. These short, very bright
pulses are thought to originate near the light cylinder, at ~ 1600 km from the pulsar. The
pulsar's location inside the Crab Nebula offers an unusual opportunity to resolve the
emission regions, using the nebula, which scatters radio waves, as a lens. We attempt to do
this using a sample of 61998 giant pulses found in coherently combined European VLBI
network observations at 18 cm. These were taken at times of relatively strong scattering
and hence good effective resolution, and from correlations between pulse spectra, we show
that the giant pulse emission regions are indeed resolved. We infer apparent diameters of
~2000 and ~2400 km for the main and interpulse components, respectively, and show
that with these sizes the correlation amplitudes and decorrelation timescales and
bandwidths can be understood quantitatively, both in our observations and in previous
ones. Using pulse-spectra statistics and correlations between polarizations, we also show
that the nebula resolves the nanoshots that comprise individual giant pulses. The implied
diameters of ~ 1100 km far exceed light travel-time estimates, suggesting the emitting
plasma is moving relativistically, with y ~ 104, as inferred previously from drifting bands
during the scattering tail of a giant pulse. If so, the emission happens over a region

* But could play a role for Multi-wavelength/Multi-messenger community?

* JIVE can probably help with continued curation of OSSR contributions
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