DIGITAL SKY MAPS AND CATALOGUES
FOR AMATEUR RADIO ASTRONOMY



Professional astronomers select an observatory
that fits their proposal

Amateur observers likely need to match observations
to their instrument




Sky Map Software

* Amateur observers in the optical enjoy good sky map
ecosystem

* Stellarium
* KStars
* Cartes du Ciel

* But for radio...?




The Radio Use Case

* Which objects of a given class can | detect...
*from my location?
* given my receiving parameters?

* What interesting targets are visible above my location right
now / this observing session?




DATA SOURCES

FROM SURVEYS TO SEARCH ENGINES




1420 MHz

Surveys and Skymaps

Systematic wide-tield searches

* no focus on specific targets
* everything within a frequency and intensity range

* generally only positions, no details

Image credit: Reich and Reich, 1986, and Reich, Testori and Reich 2001. via MPIfR Survey page



http://www3.mpifr-bonn.mpg.de/old_mpifr/survey/publikationen/mhz1420.jpg

Catalogues
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* with common properties —

~atalog description and the catalog paper for detailed information on the creation of the catalog and its i L
summary of the search result table: ——

Column Description : . al

*within a set of constraints % ZEee g
Jfilters”, e.g. brightness

* with positions and basic measurements

* generally distilled from surveys




Well-known Surveys
In Radio Astronomy

* FIRST: VLA's ,Faint Images of
the Radio Sky at Twenty cm”,
northern sky > 1 mJy

,the radio sky’s POSS”

* NVSS: VLA Sky Survey,
northern sky above -40°

* HIPASS: HI Parkes All Sky
Survey, southern sky

21cm sky maps done at many sites
* Jodrell Bank

* Stockert

* Villa Elisa

* Effelsberg

* Parkes




Well-known Catalogues
In Radio Astronomy

Cambridge Catalogues of Radio Sources

* Most famous: 3C
* original 3C from 1959, at 159 MHz
* 3CR (1962) and 3CRR (1983) updating the original

* Other surveys at different frequency bands used similar
designations, from 1C to 10C.



http://simbad.harvard.edu/simbad/sim-ref?querymethod=bib&simbo=on&submit=submit%20bibcode&bibcode=1959MmRAS..68...37E
http://3crr.extragalactic.info/

Practical Problems

* |In practice, you'll find catalogues...

*that are outdated

*that cover only tiny fractions of the sky

* that use weird selection criteria

* Ambiguous listings

* different catalogues focusing on

ditfferent properties

Messier 82

From Wikipedia, the free encyclopedia

Messier 82 (also known as NGC
3034, Cigar Galaxy or M82) is a
starburst galaxy approximately 12
million light-years away in the
constellation Ursa Major. A member
of the M81 Group, it is about five
times more luminous than the whole
Milky Way and has a center one
hundred times more luminous than
our galaxy's center.®] The starburst
activity is thought to have been
triggered by interaction with
neighboring galaxy M81. As the
closest starburst galaxy to Earth,
M82 is the prototypical example of
this galaxy type.[8! SN 20144, a type
la supernova, was discovered in the
galaxy on 21 January 2014.[71818] |n
2014, in studying M82, scientists
discovered the brightest pulsar yet

known, designated M82 X-
o [10][11][12]
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Coordinates: e 09" 55M 52.25 +69° 40’ 47"

A mosaic image taken by the Hubble Telescope of
Messier 82, combining exposures taken with four
colored filters that capture starlight from visible and
infrared wavelengths as well as the light from the
glowing hydrogen filaments.

Constellation Ursa Major

Right ascension 0gh 55M 52, 28(1]

Declination +69° 40’ 471!

Redshift 203 +4 km/s!!]

Distance 11.4-12.4 Mly (3.5-3.8
Mpc)!2!

Apparent 8.41314]

magnitude (v)

Type lot"]

Size ~37,000ly in diameter!®!

Apparent size (v) 11°.2 x 4°.3!1]

[ S S T N T

NGC 3034, UGC 5322, Arp 337, Cigar Galaxy, PGC | J§f
28655, 3C 23111 :




Introducing the Virtual Observatory

* Digital research infrastructure combining datasets from
many observatories worldwide

* Standards for interoperability

* Important for Skymaps: HiPS (Hierarchical Progressive
Surveys') — think Google Maps’ dynamic resolution

[1] https://arxiv.org/pdf/1708.09704.pdf




Introducing Search Engines
and Metacatalogues

* Cross-catalogue search enabled through VO standards

* VizieR searches over 17000 catalogues

* http://vizier.u-strasbg.fr
* Cross-matching to reduce ambiguity, check most current data

* NASA's HEASARC is a huge metacatalogue with search
capabilities

* https://heasarc.gsfc.nasa.gov/docs/archive.html



http://vizier.u-strasbg.fr
https://heasarc.gsfc.nasa.gov/docs/archive.html

SOFTWARE

INTEGRATING AND VISUALIZING
SKY MAPS AND CATALOGUES

KStars File Time Pointing View Tools Data Observation Settings Help
| KStars
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Radio-related features
In well-known optical tools

P Isars
Radio catalogues available .
Quasars

Radio sky background Q @ HiPS, but
avallable no dynamic

Custom catalogue import Q just 'radio

as type
Flux search / filtering Q Q
Antenna footprint Q Q iy Q
only

HIPS, but
no dynamic

Q @
=

Q circular
only
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KStars

KStars File Time Pointing View Tools Data Observation Settings Help

* Rather powerful for optical amateur use 0 s
DJQ @ O M I M isece 1o @K ,.-ng@+z,p,,oomg

* For radio:

* Point sources and catalogue import works
(but no radio catalogues by default)

* Supports HiPS skymap backgrounds, Hl
surveys available

%* can calculate and display antenna
,footprint”

* no flux search ey

O
IC 1525 +134° 20' 54", +47° 43'13" 22h 33m 35s, +18° 40' 41" (J2018.7) .




Cartes du Ciel

* Seemingly no support for skymaps, neither HiPS nor images
* Catgen can import catalogues

* but search is limited

* no preconfigured radio catalogues

* no flux filtering




Radio Eyes

* Windows only

* Commercial

* ticks all the boxes

* Lacks VO compatibility

* Supports custom catalogues
* basic interferometry support

* http://www.radiosky.com/

radioeyes/help/features_list.htm

Best compromise:
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http://www.radiosky.com/radioeyes/help/features_list.htm
http://www.radiosky.com/radioeyes/help/features_list.htm

Aladin

Aladin Sky Atlas - v10.0

* PrOfeSSiO n a | inte ra Ctive S ky at | aS ALADIN is an interactive software SKy a(lés..

It allows one to visualize digitized images of any part of the sky,
to superimpose entries from astronomical catalogs,
and to interactively access related data and information.

* Not very polisheq, steep learning curve,
small mem hack’ required, but powertul

-

DN

* Java, cross-platform

* Integrates most VO compatible

resources
| . . Aladirii;' aé‘\;elop,ed by Pierre Fernique, :
Thomas Boch, Anais Oberto, Francois Bonnarel and Chaitra.”
* S kym a pS, Cata | Og U eS, Data CU beS (c) 2017 Université de 'StrasbourngNRS - by CDS - Distributed under GNU GPL v3

* No horizon! https://aladin.u-strasbg.fr

[1] http://aladin.u-strasbg.fr/java/FAQ.htx#ToC20



https://aladin.u-strasbg.fr

Aladin Dataset Browser

Available data = 21485 / 21489 Command

* Large tree aggregates all data e

B Collections
B Image
» B Gamma-ray

collections compatible with B

B Optical

B Infrared

Virtual Observatory standards T s e o

] Combination of the 1420 MHz continuum

) 21-cm continuum - Southern Galactic Pla Haslam 408Mhz reprocessed (more..)
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B BLAST , . . : | . : 0 of
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] DRAO 22 MHz
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B PARKES

AI d 2 -t h h 1" | . k » Bl STOCKERT Remazeilles et al. 2014 have re-evaluated and re-processed the
a I n rO u g 1 I I IO re R ) I n » B SCUBA rawest Haslam 408 MHz data, available from the Max Planck Institute
VLSSr - 74 MHz continuum for Radioastronomy Survey Sampler website, to produce an improved
) AMIGPS source-subtracted and destriped 408 MHz all-sky map. Large-scale
B DRAO striations associated with correlated low-frequency noise in
] MAIPU-MU 45 MHz the scan direction are reduced using a Fourier-based filtering
11 ) MITEOR 150 MHz technique. The most important improvement results from the removal
* Wat Ch O Ut fO r S k Cove ra e » @ Urumgi of extra-galactic sources. An iterative combination of two techniques
17 y > Il WMAP - two-dimensional Gaussian fitting and minimum curvature spline

B PLANCK surface inpainting - are used to remove the brightest sources
The NRAO VLA Sky Survey (intensity ma (with flux density larger than 2 Jy).Desources destrier map.
SUMSS (843 MH2z)
2~ Haslam 408MHz OK
® o 25 The Westerbork Northern Sky Survey
* green collections contain o
» B Xray
B X-ray
° ° B Data base
results in the current sky view Dt e
y “2E) SIMBAD Astronomical Database
# The NASA/IPAC Extragalactic Database

& Sky Body Tracker




ALADIN LIVE DEMO:

HUNTING OBSERVABLE PULSARS AT STOCKERT



THANK YOU!



