Karl G. Jansky Very Large Array (VLA)
Atacama Large Millimeter/ submillimeter Array (ALMA)
European Very Long Baseline Interferometer (EVLBI)
Australian Telescope Compact Array (ATCA)

Data Reduction Results

Updated 10-30-19
Plus 9 ft. Dish HI Measurement Results

Dr. Richard Russel

Recently Dr. Russel attended the
Very Large Array (VLA) imaging
course in Socorro, New Mexico.

This course taught how to take the
data sets from multiple large
interferometer antenna systems
and produce images and science
statistics.
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Antenna Systems

ALMA

https://www.atlasobscura.com/places/very-large-array http://wikimapia.org/12830127/Atacama-Large-Millimeter-
submillimeter-Array-ALMA

European Very Long Baseline Interferometer (EVLBI) Australian Telescope Compact Array (ATCA)
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https://www.narrabri.atnf.csiro.au/observing/users_guide/html/chunked/index.html

https://www.evlbi.org/telescopes



https://www.atlasobscura.com/places/very-large-array
http://wikimapia.org/12830127/Atacama-Large-Millimeter-submillimeter-Array-ALMA
https://www.evlbi.org/telescopes
https://www.narrabri.atnf.csiro.au/observing/users_guide/html/chunked/index.html

3C75 Binary Black Hole System
(VLA Archive)

VLA OBSERVING LOG 2018-10-04_0541_TDRW0001 _
- S—T W— Background Information
ommiions: 2 T — E— Wikipedia
Source File(s): TDRW0001 sb35624494 1 1
e 3C75 (a.k.a. 3C 75) is a binary black hole system in the
] Abell 400 cluster of galaxies. It has four radio jets (two from
Data Reduction Results each accreting black hole). It is travelling at 1200 kilometers

per second through the cluster plasma, causing the jets to
be swept back. The binary supermassive black holes are
themselves contained in the dumbbell shaped galaxy NGC
1128. 3C 75 may be X-ray source 2A 0252+060 (1H
0253+058, XRS 02522+060).[4] Wikipedia

B Polarization vectors = Active galaxy pair 3C75¢
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Image in radio (pink) and x-ray (cyan) of
3C 75.

Followed tutorial
https://casaguides.nrao.edu/index.php/Polarization Calibration _based on CASA pipeline standard reduction: The radio galaxy 3C75-CASA4.5.2

and produced this image: Dr. Richard A. Russel 10/16/19 (detail in CASA 3C75 Tutorial.odt)



https://en.wikipedia.org/wiki/Binary_black_hole
https://en.wikipedia.org/wiki/Abell_400
https://en.wikipedia.org/wiki/Cluster_of_galaxies
https://en.wikipedia.org/wiki/Supermassive_black_holes
https://en.wikipedia.org/wiki/NGC_1128
https://en.wikipedia.org/wiki/3C_75#cite_note-Wood-4
https://casaguides.nrao.edu/index.php/Polarization_Calibration_based_on_CASA_pipeline_standard_reduction:_The_radio_galaxy_3C75-CASA4.5.2

EVLA OBSERVING LOG

3C391 Supernova Remnant
(VLA Archive)

2010-04-24_0801_TDEMO0001

Program: TDEMO001 (Observing Mode:  Mixed Modes
Observing Date:  24-Apr-2010 Observer(s): James Miler-Jones Bands Used: C
Configuration: D User #: 2398 # Subarmys: 1
Decommissioned: 10 Observer's E-mail. jmiler@nmo.edu, mupen@aoc.nrac.edu Initial Source: J1331+3030
VLBI Ref Ant: Source File(s): TDEMO001 sb1218006 _1.evia
VLBI Ant Pad: Operators): Sam Gilmare
Data Reduction Results Background Information
Astronomy and Astrophysics 78,75-77 (1979)
Display ®

Observations of the Supernova Remnant 3C391 at 1.4 and 10.7 GHz

W, M. Goss*, . J. Skellern®, A. Watkinson®, and P, A. Shaver**

3c381 _ctm_spwO_multistale_selfeall imoge—raster

! Kapteyn Astronomical Institute, University of Groningen, Postbus 800, 9700 AV Groningen, The Netherlands
# chool of Ekectrical Engineering, University of Sydney, Australia

Received August 17, 1978
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Fig. 2. Map of 3C391 observed at 10.7 GHz with the Effelsberg
telescope. The half-power beamwidth is 77°, The contour unit
is 0.02°K in antenna temperature or 0.03°K in brightness
temperature

Rt Ascantien (9501

Fig. 1. Map of JCI91 observed with the Fleurs Synthesis
Telescope. The HPBW is &4 = 64" arc (« x §). The contour
levels are 30, 100, 130, 200, 300,..., 0K (30K = 0.17Jy/
beam)
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Imaged based on VLA Tutorial and VLA Archive Data: Dr. Richard A. Russel 10/16/19 (Detailed file VLA Image Workshop Obs 3¢391.0dt)



Asymptotic Giant Branch (AGB) Star IRC+10216
(VLA Archive)

Background Information

Wikipedia

EVLA OBSERVING LOG 2010-04-26_0310_TDEM0003 IRC +10216 or CW Leonis is a well-studied carbon

[Rogan TOEM0003 Ohsaring Mok Contoaum star that is embedded in a thick dust envelope. It was
TR o WedR Sy e Oue peagel L first discovered in 1969 by a group of astronomers led
in:.arrr:u 10 z-r.«-:‘u :“.‘:!:;;ir;r:;:;s::L':r::;r.:mcu Inkidl Source: J 0080730 by Eric BeCklin, based upon infrared observations
WA ot T . made with the 62 inches (1.6 m) Caltech Infrared

Telescope at Mount Wilson Observatory.
Data Reduction Results Its energy is emitted mostly at infrared wavelengths.

At a wavelength of 5 um, it was found to have the
highest flux of any object outside the Solar
IRC10216_HC3N.cube.pselfcal.image-raster S) [Ste m [Ql
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J2000 Right Ascension 42000 Right Ascension CW Leonis in ultraviolet showing the bowshock

Imaged based on VLA Tutorial and VLA Archive Data: Dr. Richard A. Russel 10/16/19 (Detailed file VLA ImagelRC+10216.0dt.odt)


https://en.wikipedia.org/wiki/Carbon_star
https://en.wikipedia.org/wiki/Eric_Becklin
https://en.wikipedia.org/wiki/Caltech_Infrared_Telescope
https://en.wikipedia.org/wiki/Mount_Wilson_Observatory
https://en.wikipedia.org/wiki/Micrometre
https://en.wikipedia.org/wiki/Solar_System
https://en.wikipedia.org/wiki/CW_Leonis#cite_note-apj158_L133-12

MG0414+0534 Gravitational Lens
HI Absorption Line (VLA Archive)

VLA OBSERVING LOG 2016-09-14_0620_TSUB0001
Observing Date:  1456p-2018 Project: TAU B0 ¥ Subamays: | Observation Type:  Ted
Configuration: B==A Observer(P1): Frazer Owen Band5) Uged: XP
Decomm issioned: 11 SBID{s): 1720781

Source File(s): TSUB000!_sh3Z7 20781 1

| Observer E-mail:__fowen {rrag.ady

(Operatons): Byhe Guvenen

Data Reduction Results
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Background Information
NRAO.edu

Goal was to reduce the spectral-line data in
the low-frequency P-band of the VLA (230-
470 MHz).

The goal is to make an image cube
containing HI 21cm absorption against the
strong radio continuum of gravitationally
lensed radio galaxy MG0414+0534.

As a result of the high redshift of z=2.6365,
the HI absorption signal in MG0414+0534 is
redshifted to an observed frequency of
390.597 MHz.

The HI absorption in MG0414+0534 was
previously imaged with the VLA by Moore,
Carilli & Menten 1999 (ApJ, 510, 87), (at end
of this file) before the upgrade to the WIDAR
system.

VLA tutorial reduced by Dr. Richard Russel 10/18/19 — full script of reduction in file:VLA Image
MG0414+0534.o0dt https://casaguides.nrao.edu/index.php/MG0414%2B0534 P-

band Spectral Line Tutorial - CASA 5.5.0



../../../../VLA
https://casaguides.nrao.edu/index.php/MG0414%2B0534_P-band_Spectral_Line_Tutorial_-_CASA_5.5.0

Cygnus A
(VLA Archive)

Background Information

Observer: Dr. Frank Schinzel Project: uid://evla/pdb/1695465
Observation: EVLA Wlklpedla
Computing scan and subscan properties...
Data records: 2045736 Total elapsed time = 508 seconds
Observed from 17-0ct-2019/22:34:08.0 to 17-0ct-2019/22:42:36.0 (UTC) CygnusA(i 405) is a radio galax; , and one of the strongest radio
sources in the sky. It was discovered by Grote Reber in 1939. In
1951, Cygnus A, along with Cassiopeia A, and Puppis A were the
1 first "radio stars" identified with an optical source. Of these, Cygnus
Data RedUCthn ReSUItS A became the first radio galaxy; the other two being nebulae inside
bisplay = the Milky. Way.[4] In 1953 Roger Jenr_lison and _M K Da_s GL_tha
showed it to be a double source.[5] Like all radio galaxies, it
contains an active galactic nucleus. The supermassive black hole at
the core has a mass of (2.5+0.7)x109 M©.[3]

Cygnus_A_sselfcaolfn Jmn ge—raster
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ap" Constellation Cygnus
Right ascension 19" 59™M 28.3566°1
z0" Declination +40° 44" 02.096°111(2]
Redshift 0.056075 =
AT o 3 ||| (< o A U ke -
4 2z 0.000067(1112]
JZODO Right Ascension Slotance 232131 Moc
Apparent 16.22(11(2]

maanitude (V)

First attempt of a raw data set from archive: Note — no log, or antpos — therefore had to do self
calibration to get image. Image reduced by Dr. Richard Russel 10-20-19
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Saturn’s moon of Titan
(ALMA Archive)

Computing scan and subscan properties...

Data records: 326400 Total elapsed time = 90574.4 seconds .
Observed from 16-Apr-2011/02:59:18.2 to 17-Apr-2011/04:08:52.6 (UTC) BaCkground Informatlon
Wikipedia
Data RedUCUOn ReSUItS Titan is the largest moon of Saturn and the second-largest
natural satellite in the Solar System. It is the only moon
£ known to have a dense atmosphere, and the only known

Display
body in space, other than Earth, where clear evidence of

stable bodies of surface liquid has been found.
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Data reduction conducted by Dr. Richard Russel on 10-22-19 using the ALMA Tutorial located at:
https://casaguides.nrao.edu/index.php/NGC3256 _Band3 Imaging_for CASA 4.2



https://en.wikipedia.org/wiki/Moons_of_Saturn
https://en.wikipedia.org/wiki/List_of_Solar_System_objects_by_size#List_of_objects_by_radius
https://en.wikipedia.org/wiki/Solar_System
https://en.wikipedia.org/wiki/Natural_satellite
https://en.wikipedia.org/wiki/Celestial_body_atmosphere
https://casaguides.nrao.edu/index.php/NGC3256_Band3_Imaging_for_CASA_4.2

NGC 3256
(ALMA Archive)

Computing scan and subscan properties... .

Data records: 326400 Total elapsed time = 950574.4 seconds BaCkg round |nf0rmat|0n

Observed from 16-Apr-2011,/02:59:18.2 to 17-Apr-2011/04:08:52.6 (UTC) W H H
ikipedia
Data RedUCUOn ReSUItS NGC 3256 is a peculiar galaxy formed from the collision
Disola - of two separate galaxies in the constellation of Vela.
b NGC 3256 is located about 100 million light years away
and belongs to the Hydra-Centaurus supercluster
result—ngedZ56_line_CO_#2. image—raster complex.

Lx
Z
L
=
L)
w
=™
=
=
=
™~

—43"54 32"

10"27™535.0 520 51%5 5150 &055

J2000 Right Ascension

NGC 3256 Hubble Image

Data reduction conducted by Dr. Richard Russel on 10-22-19 using the ALMA

Tutorial located at:
https://casaquides.nrao.edu/index.php/NGC3256 Band3 Imaqing for CASA 4.2



https://en.wikipedia.org/wiki/Peculiar_galaxy
https://en.wikipedia.org/wiki/Galaxy_merger
https://en.wikipedia.org/wiki/Vela_(constellation)
https://en.wikipedia.org/wiki/Light_year
https://en.wikipedia.org/wiki/Hydra-Centaurus_Supercluster
https://casaguides.nrao.edu/index.php/NGC3256_Band3_Imaging_for_CASA_4.2

3C345
Binary Supermassive Blackhole Quasar
using the European Very Long Baseline Interferometer (EVLBI Archive)

observer: N14c3 Project: N1l4c3
+ Observation: EVN
Computing scan and subscan properties...
r Data records: 1846080 Total elapsed time = 10800 seconds
Observed from 22-0ct-2014/12:00:00.0 to 22-0ct-2014/15:00:00.0 (UTC)

Data Reduction Results
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Conducted VLBI Imaging Tutorial at:

http://www.jb.man.ac.uk/DARA/unit4/Workshops/EVN _continuum.html

Data reduction conducted on VLBI archive data by Dr. Richard Russel on 10-25-19

A supermassive binary black hole in the quasar 3C345.
LOBANOV A.P. and ROLAND J.

Abstract (from CDS):

Radio loud active galactic nuclei present a remarkable variety of signs indicating the presence
of periodical processes possibly originating in binary systems of supermassive black holes, in
which orbital motion and precession are ultimately responsible for the observed broad-band
emission variations, as well as for the morphological and kinematic properties of the radio
emission on parsec scales. This scenario, applied to the quasar 3C345, explains the observed
variations of radio and optical emission from the quasar, and reproduces the structural
variations observed in the parsec-scale jet of this object. The binary system in 3C345 is
described by two equal-mass black holes with masses of ~7.1x108M® separated by =0.33pc
and orbiting with a period ~480yr. The orbital motion induces a precession of the accretion disk
around the primary black hole, with a period of =2570yr. The jet plasma is described by a
magnetized, relativistic electron-positron beam propagating inside a wider and slower electron-
proton jet. The combination of Alfven wave perturbations of the beam, the orbital motion of the
binary system and the precession of the accretion disk reproduces the variability of the optical
flux and evolution of the radio structure in 3C345. The timescale of quasi-periodic flaring activity
in 3C345 is consistent with typical disk instability timescales. The present model cannot rule out
a small-mass orbiter crossing the accretion disk and causing quasi-periodic flares.

http://simbad.u-strasbg.fr/simbad/sim-ref?bibcode=2005A%26A...431..831L

Interactive AladinLite view

'\...;" omass | pss @ xmm


http://simbad.u-strasbg.fr/simbad/sim-ref?bibcode=2005A%26A...431..831L
http://www.jb.man.ac.uk/DARA/unit4/Workshops/EVN_continuum.html
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=3C%20345&Name=3C%20345&Radius=submit%3Dsubmit

NGC-660 Galaxy

Velocity of Jet Measured using Spectral Line Technique
using the European Very Long Baseline Interferometer (EVLBI Archive)

pata records: 49159

Pi

observer: EA054 Project:

nd subscan properties...
Total elapsed time = 41950 seconds
observed from  30-0ct-2013/15:50:40.0 to  31-0ct-2013/03:29:50.0 (UTC)

observationID = 0 ArrayID = 0

Date Timerange (UTC) Scan FldId FieldName nRow:
30-0ct-2013/15:50:40.0 - 19:16:00.0 1 0 NGC660 1¢
19:38:42.0 - 23:04:58.0 2 0 NGCE60 18
23:26:26.0 - 02:52:38.0 3 0 NGC660 1
31-0ct-2013/03:12:36.0 - 03:29:50.0 4 0 NGC660
(nRows = Total number of rows per scan)
elds: 1
Decl Epoch  srcxd

ID code Name RA
0 NGC660 01:43:02.291000 +13.38.44.30000 J2000
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Background Information
Wikipedia

NGC 660 is a peculiar and unique polar-ring galaxy
located approximately 45 million light years from Earth in
the Pisces constellation.[3] It is the only such galaxy
having, as its host, a "late-type lenticular galaxy".[4] It was
probably formed when two galaxies collided a billion years
ago.[5] However, it may have first started as a disk galaxy
that captured matter from a passing galaxy. This material
could have, over time, become "strung out" to form a
rotating ring.

Late in 2012, this polar-ring galaxy produced an enormous
outburst having a magnitude of approximately ten times
brighter than a supernova explosion. The cause is not
certain, but this event may have resulted from a
tremendous jet being emanating from galaxy's central black
h

Credit: Gemini Observatory /AURA

Gemini Observatory Lega

NGC 660 showing Polar-Galaxy Structure

Reduced from tutorial at website: http://www.jb.man.ac.uk/DARA/unit4/Workshops/Spectral line.html
By Dr. Richard Russel 10-26-19



http://www.jb.man.ac.uk/DARA/unit4/Workshops/Spectral_line.html
https://en.wikipedia.org/wiki/Peculiar_galaxy
https://en.wikipedia.org/wiki/Polar-ring_galaxy
https://en.wikipedia.org/wiki/Pisces_(constellation)
https://en.wikipedia.org/wiki/NGC_660#cite_note-APOD-2014-11-08-3
https://en.wikipedia.org/wiki/NGC_660#cite_note-Science20-2012-10-18-4
https://en.wikipedia.org/wiki/NGC_660#cite_note-Hubble-potw1348a-5

NGC-612 using the
Australian Telescope Compact Array (ATCA Archive)

MeasurementSet Name: /home/dses/Imagin
Observer: obs Project: C2728 BaCkground Informatlon
Observation: ATCA - - .
Ccomputing scan and subscan properties... Wlklpedla
Data records: 60465 Total elapsed time = 43730 seconds
Observed from 25-0ct-2012/07:07:39.9 to 25-0ct-2012/19:16:29.9 (UTC)
NGC 612 is a lenticular galaxy in the constellation of Sculptor located
Data Reduction Resu|ts approximately 388 million light-years from Earth. It is a type Il Seyfert
galaxy and thus has an active galactic nucleus.[1][3] NGC 612 has been
Display B ® identified as an extremely rare example of a non-elliptical radio galaxy,
" hosting one of the nearest powerful ER-Il radio sources.[4]Coordinates:
ngcB12h.P—roster , ,,
01h33m57.74s, —36° 29' 35.7"[5]
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Total polarized flux density: 1.942 Jy
Pol. Angles in western lobe: -57.5 and 23.7 degrees

ATCA Tutorial located at: https://casaguides.nrao.edu/index.php/CASA_ Guides:ATCA Advanced Continuum_Polarization Tutorial NGC612-CASA4.7

Reduced by Dr. Richard Russel 10-28-19


https://casaguides.nrao.edu/index.php/CASA_Guides:ATCA_Advanced_Continuum_Polarization_Tutorial_NGC612-CASA4.7
https://en.wikipedia.org/wiki/Lenticular_galaxy
https://en.wikipedia.org/wiki/Constellation
https://en.wikipedia.org/wiki/Sculptor_(constellation)
https://en.wikipedia.org/wiki/Light-year
https://en.wikipedia.org/wiki/Seyfert_galaxy
https://en.wikipedia.org/wiki/Active_galactic_nucleus
https://en.wikipedia.org/wiki/NGC_612#cite_note-ned-1
https://en.wikipedia.org/wiki/NGC_612#cite_note-revised-3
https://en.wikipedia.org/wiki/Elliptical_galaxy
https://en.wikipedia.org/wiki/Radio_galaxy
https://en.wikipedia.org/wiki/Fanaroff-Riley_classification
https://en.wikipedia.org/wiki/NGC_612#cite_note-Véron-Cetty_2001-4
https://en.wikipedia.org/wiki/Celestial_coordinate_system
http://www.wikisky.org/?ra=1.5660388888889&de=-36.49325&zoom=6&show_grid=1&show_constellation_lines=1&show_constellation_boundaries=1&show_const_names=1&show_galaxies=1&img_source=IMG_all
https://en.wikipedia.org/wiki/NGC_612#cite_note-Emonts_2008-5

Observer: knakanishi
Observation: ALMA
10125065

Data records:

Observed from
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3C286 Quasar Full Polarization
(ALMA Archive)

01-Jul-2014/21:18:10.9

Project: uid://A002/X845868/X11

Total elapsed time = 3858.05 seconds
to 01-Jul-2014/22:22:29.0 (UTC)

Data Reduction Results

3c286_Band6.POLI—-raster

08°.30

08°

Plinear

25 08°.20
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Measured Statistics

3C286 Flux Err
I(Jy) ©.369024458019 0.000533920312708
Q(Jy) 0.0120461752389 4,28833878305e-05
u(Jy) 0.0590976963663 0.00010008727778
Pol int (mjy) (60.3129178011 0.0984439608693
P(%) ©.163438808704 0.000356487589209
X (deg) 39.2394747207 0.0221021634448

Image and statistics reduced by Dr. Richard A. Russel 10-29-
19, using ALMA tutorial located at:
https://casaguides.nrao.edu/index.php/3C286 Polarization

Background Information
Wikipedia

3C 286, also known by its position as 1328+307 (B1950
coordinates) is a quasar[3] at redshift 0.8493 with a radial velocity of
164,137 km/s.[4] It is part of the Third Cambridge Catalogue of
Radio Sources.

3C 286 is one of four primary calibrators used by the Very Large
Array (along with 3C 48, 3C 138, and 3C 147). Visibilities of all
other sources are calibrated using observed visibilities of one of
these four calibrators.[5]
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Using the data for publication: The following statement should be included in the acknowledgment


https://en.wikipedia.org/wiki/B1950
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https://en.wikipedia.org/wiki/Redshift
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