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Layout

m Surveys and Radio Surveys

m What is available — blind and targeted
surveys

s Data Archives
= How do you use them?
= Virtual Observatory
s Example case
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Surveys

m Survey (nhoun): 1. a detailed
examination or investigation, e.g., to
find out public opinion or customer
preference

m For us: Astronomical Survey: Study
of regions of the sky using telescopes
for imaging or mapping those =
Astronomical Catalogs
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Surveys

s High-Energies s Radio
= RASS = NVSS
s Optical = WENSS
= Palomar = CLASS
= Digitized Sky Survey = Ohio Sky Survey
s Sloan Digital Sky "
Survey s Multi-Wavelength
e = GOODS
s Infra-Red = COSMOS
= IRAS ..
= 2-micron All-Sky
Survey

= Akari Survey
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http://www.sdss.org/
http://www.sdss.org/

Radio Surveys: History

m Optical astronomers have

the

07/01/2009

ir catalogs since ages

Uranometria, Johann
Bayer (1603)

Star Atlas, Flamsteed
(1725)

Messier Catalog (1781):
Mnnn

Bonner Durchmusterung ()

New General Catalogue
(1880s): NGCnnnn

Henry Draper Catalogue
(1918-1924): HDnnnnnn

Uppsala General Catalogue
(1973), UGCnnnnn

Hipparcos Catalogue
(1997) ...
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Radio Astronomy was born
in the 1930s

First images were
performed by Grote Reber

Construction of the first

large telescopes. First

surveys performed:

= Cambridge (2C, 3C, 4C)

m Parkes Telescope
(PKSnnnn—nnn)

= NRAO 300-ft Telescope
(NRAONNN)

Advances in sensitivity,
data acquisition, more
specifical surveys
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Ingredients of the radio sky

m  Galactic continuum radiation m Pulsars
» Magnetic field and cosmic = Neutron stars emittin
rays: synchrotron coherent radiation with a = -
(o = —0.55) 2+1
m Interstellar medium m Radio galaxies and quasars
m Spectral lines: Neutral H (HI) = Radio galaxy lobes:
at A21 cm, ionized H (HII), synchrotron
rotational and vibrational = AGN cores: synchrotron, flat
lines for another molecules spectrum (parts self-
(05, N, CH,, CO,, etc.) Absorbed)
= Supernova remnants: s Cosmic microwave
synchrotron background
N StaI’S_ _ = Thermal radiation from the
m Circumstellar masers (SiO, Big Bang
H,O, OH)
= Novae

= Binaries and flare stars
(recurrent novae, X-ray
binaries): non-thermal
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The sky at 1.4 GHz at 45”
resolution

0> —40°
S > 100 mdy

Condon et al.

Image
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The sky at 1.4 GHz at 45”
resolution

Condon et al.

Image
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Flux density versus
luminosity of radio
sources

s Evolution 10x in
luminosity — few
nearby sources,
<z> ~ 1 (cosmic
downsizing)

m shell”" > LS
m AGNs at high L, S

O Star-formin?
galaxies at low L, S
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Low Luminosity:
Star-forming Galaxies
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Classes of Radio Surveys

= Blind Surveys:

m (parts of) all-sky surveys like NVSS,
WENSS, etc.

m Targeted surveys:
s deep surveys (ATLAS, CDF)
= imaging of celestial fauna (HI)

= most VLBI surveys (CJF, 2cmS/MOJAVE,
TANAMI)
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Blind Surveys

m Covering almost the entire sky below
1.4 GHz

= Typical resolution of 50”

s Root-mean-square noise of the order
of mly

m Provide post stamps (JPG/FITS files)

Eduardo Ros
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Bonn 408 MHz Survey

m Haslam et al. 1974; Jodrell Bank 250-ft +
Effelsberg 100-m + Parkes 64-m

m "Classical” picture

http://www.mpifr-bonn_mpg.de/survey.html
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The newer Cambridge Surveys

CLFST 6C/7C CL 8C Ryle Telescope (15 GHz)

6C | 151 MHz| 0.3 Jy | 4.2" x4.2" coseco | 2.8 Sr | Hales et al. 1993

7C | 151 MHz| 0.15 ]y | 70" x 70" cosecd | 4 Sr |Visser et al. 1996

8C 38 MHz 1 Jy 4.5" x4.5" coseco | 0.8 Sr | Rees 1990

9C 15 GHz | 0.01 Jy 0.15 | Waldram et al.
Sr 2003
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Main Blind Surveys of the
Nearby Universe

NVSS 1.4 GHz| 2.5 mlJy |10.3 Sr|Condon et al. 1998
FIRST 1.4 GHz| 1 mly 2.6 Sr | Becker et al. 1995
SUMSS | 843 MHz| 5 mly 6 Sr |Bock et al. 1999
WENSS | 330 MHz| 18 mly | 3.1 Sr |Rengelink et al. 1997
WISH 352 MHz| 18 mly | 1.6 Sr | De Breuck et al. 2002
VLSS /74 MHz | 500 mJy | 9.4 Sr | Cohen et al. 2006

s Low redshift surveys

m For distant sources, new instruments are needed
to get the whole sky population (EVLA, SKA)

s Low freq. observations are biased towards

07/01/2009
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HD 23478
| | 1

NVSS
NRAO VLA Sky Survey

m Entire sky north of —40°, at A
45" resolution and 2.5 cd655 S0 45 40 3 3
mJy/beam limit. arsams

m 2326 4° X 4° continuum
cubes (Stokes I, Q, V) and

tamp images (NVSS contour, DSS grey)

1.8 Mio discrete sources 72
= Most used and complete sky o
Su rvey 10 00 .46 55 §§

http://www.cv.nrao.edu/nvss/postage.shtml
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FIRST

Faint Images of the Radio Sky at Twenty-cm

= High resolution (5”) of the north
Galactic cap at 1400 MHz, above 1
mJly/beam

FIRST Radia|

= 816000 sources e .
m Extension to South

. A |
s .

http://sundog.stsci.edu/top.html

Eduardo Ros
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FIRST
Sky
Coverage

o
0 1
16
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VLSS
VLA Low-Frequency Sky Survey

3

s Formerly known as
4MASS

m /4 MHz (AAm), 80”
resolution, 0.1
Jy/beam noise

m /0000 sources

m Special analysis
needed due to
jonosphere;
sidelobe confusion

http://1lwa.nrl_navy.mil/VLSS/

Eduardo Ros
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VLSS Sample Images

Tycho SNR 3C 35 3C 66
Peak Flux = 14.52 Map Noise = 0.389 Peak Flux = 2.84 Map Noise = 0.130 Peak Flux = 12.50 Map Noise = 0.146
T I I I I I ID I I | LI I T I 1 I 1 L I

DECLINATION
CECUNATION
DECLINATION

8355 : . M 4

00 27 30 00 2830 oo 5 3

2530 00 2430 00 2330 0112320 1230
RIGHT ASCENSION

022430 2330 00
RIGHT ASCENSION

3C 83.1 3C 129 3C 130

Peak Flux = 6.66 Map Noise = 0.192 Peak Flux = 11.41 Map Noise = 0.145 Peak Flux = 5.93 Map Noise = 0.097
I I 1 I I I 1 | I 1 1

e I

|_ = ] [ ; S E| 7]

o0 1130
RIGHT ASCENSION

DECLINATION
DECLINATION
DECLINATION

@
=

o
©
~N
i
1
Ty)
v
N
i
v\
™
i
H\
<
N\
o
o
N
©
+J
0]
c
0]
<
o
O

I | L |
04 50 30 49 30 0454 20 00 5330

031830

30 00 00 48 20 00 52 30
RIGHT ASCENSION RIGHT ASCENSION RIGHT ASCENSION

Eduardo Ros
07/01/2009 Multiwavelength Summer School




SUMSS

Sidney University Molonglo Sky Survey

ascension h
00

m Southern sky
below —30° and
|Ib|>10°, 843 MHz
= complemented by

MGPS-2 at the

alactic plane
Murphy et al. 2007,
MNRAS, 382, 382)

m Similar to NVSS in
resolution and
sensitivity

m 211000 sources

Coverage

http://www.physics.usyd.edu.au/sifa/Main/SUMSS

Eduardo Ros
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WENSS
Westerbork Northern Sky Survey

m Northern sky, 0 > +30°,
326 MHz, (54" x 54" / .
sin 0) resolution, 230000 EaE=
sources stronger than
18 mly

m Extended to the South
(WISH)

Extended sources
Rengelink et al. 1997

http://www.astron.nl/wow/testcode.php?survey=1

Eduardo Ros
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WISH

Westerbork in the Southern Hemisphere survey

m Extension of WENSS to the South,
—26° < 0 < —9°, |b|] > 10°,
resolution of (54” x 54”/ sin 0), flux
density limit at 18 mJy

http://www.astron.nl/wow/testcode.php?survey=2

Eduardo Ros
07/01/2009 Multiwavelength Summer School 24



Targeted Surveys

m Deep field surveys: commonly with a
multi-band approach

s Stamp collection (and movie
making): VLBI monitoring surveys,
HI images, polarisation

s Examples...

Eduardo Ros
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CLASS

Cosmic Lens All-Sky Survey

m 11000 VLA snapshots at 8.4
GHz of sources with flat radio
spectra (d¢; 4-5ygH, > —0.5) and
S > 30 mJy at 5 GHz; resolution
of 0.2"”

m Sources checked for evidence of
grav. lensing (22 were found)

s Extension of JVAS (1992)

s Follow-up observations with
MERLIN and the VLBA

MERLIN images of CLASS sources

http://www. Jjb.man.ac.uk/research/gravlens/class/class.html

Eduardo Ros
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CRATES

Flat Spectrum Radio Source Catalog

m 8.4 GHz survey of 11000 bright flat-
spectrum sources above 65 mly (at 4.8
GHz) with VLA & ATCA

m Positions, sub-arcsecond structures and
spectral indices

Healey et al. 2007

http://astro.stanford.edu/CRATES/

Eduardo Ros
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VLA-COSMOS

Cosmic Evolution Survey with the HST

m COSMOS field:
X-ray to mm '
survey "
including VLA ;
observations: .’
= 1.5” resolution, i

10 ply, 1.4 GHz

= 2 square degree
deep field

m 3500 sources = | PR , o |

http://www._mpia-hd.mpg.de/COSMOS/

Eduardo Ros
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THINGS

The HI Nearby Galaxy Survey
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The HI Nearby Galaxy Survey (THINGS)
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F. Walter, E. Brinks, E. de Blok, F. Bigiel, M. Thornley, R. Kennicutt
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Spitzer Extragalactic first-
look Survey

m GMRT 610-MHz
observations

m 4 sqg. degq,
5.8” x 4.7"
resolution at P.A.
60°, 30 ply rms
noise

m 3944 sources

http://www.mrao.cam.ac.uk/surveys/GMRT/FLS/

Eduardo Ros
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HIPASS
HI Parkes Archive Sky Survey

s Neutral Hidrogen survey in the South

vge 1000
+ 1000 < vge £2000
2000 < vge £3000
+ 3000 < vge 54000

4000 < vge 5000

vae > 5000

Meyer et al. 2002

http://www.atnf.csiro.au/research/multibeam/release/

Eduardo Ros
07/01/2009 Multiwavelength Summer School 31



VLBI Surveys

m Designed to provide milliarcsecond
resolution images of compact
sources (usually AGN)

m Extensive surveys to get one image
of a large sample of sources (ICRF,
VIPS, VCS)

m Intensive surveys to monitor the
structural evolution of selected
sources (CJF, MOJAVE, TANAMI)

Eduardo Ros
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VLBI Surveys

CJF 18/6 cm 293 Complete Pollack et al. 2003
ICRF/RDV 13/3.6 cm ~500 Ojha et al. 2004
VLBA Cal. Surv. 13/3.6 cm >3400 | Open, complete | Kovalev et al. 2007
VVSOP/VLBA 6 cm 374 Fomalont et al. 2000
VSOP Survey 6 cm ~300 Dodson et al. 2008
VIPS 6 cm 1127 | Open Helmboldt et al. 2007
2 cm Survey 2 Ccm 250 Open, complete | Kellermann et al. 1998
MOJAVE 2 cm >133 [ Open, complete | Lister et al. 2009
VERA FSS / GaPS 1.35 cm >500 Petrov et al. 2007
ICRFext 1.35 /0.7 cm ~100 Lanyi et al. 2005
GMVA 3 mm 123 Lee et al. 2008

List compiled by Y.Y.Kovalev (2008)

Eduardo Ros
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VCS
NRAO VLBA Calibrator Source Survey

m Sample of compact radio sources in the
Northern sky

s Needed for astrometrical, geodetical and
astrophysical applications

Probability

of finding a

calibrator
--source

R
-
e
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o
ey
o

Sky
distribution

©
wd
)
>
i
[
>
G
Y

Search radius (deg

http://astrogeo.org/vcs/
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VIPS

The VLBA Imaglng and Polarlmetry Survey

m 5 GHz and 15 GHz imaging of 1100
AGN with the VLBA

m Parent sample: CLASS crossed with
SDSS

s One-epoch survey, paving the way to
Fermi observations

(Taylor et al. 2007, ApJ 658, 203)

http://www.phys.unm.edu/~gbtaylor/VIPS/

Eduardo Ros
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2cm Survey / MOJAVE

m Study of over 200 sources at 15 GHz with
the VLBA at 1-mas resolution

m Database collected since 1994
m Data on the brightest radio AGN in the
Northern sky available in the web
= Images, visibility data, movies
s Radio flux densities and spectra
s Kinematics plots

See Lister et al. 2009
http://www.physics.purdue.edu/MOJAVE/

Eduardo Ros
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TANAMI

Tracking AGN with Austral Milliarcsecond Interferometry

s Monitoring of Southern
Sources at 8.4 GHz and
22 GHz

m 40 initial sources
observed, adding up to
80 new ones

s Observations started in
November 2007 with the
Australian Long Baseline
Array and some

additional antennas
(Ojha et al. 2009, A&A submitted)

http://pulsar.sternwarte.uni-erlangen.de/tanami/

Eduardo Ros
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VLBI Surveys in the
Fermi era

= AGN nature, compact jet
emission

m Cross-correlation:
compactness/ variability/
viewing angle vs. y-ray
emission

s Relating the y-ray flares
(detection, light curves)
with the feature ejection in
AGN jets

m See Lister et al. (2009), Kovalev et
al. (2009), Savolainen et al. (in
preparation)

@ Images: NASA & MPIfR

07/01/2009 Multiwavelength Summer School 38
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Using Data Archives

m Categories:
= Publication archive (ADS, arXiv)
= Data interface (Simbad, NED)
s Data archives (Observatories, Virtual
Observatory)
s If you know which data you need, go

directly to the facility portal (see next
slide)

s One step above: use the Virtual
Observatory

Eduardo Ros
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Direct data archives

= EVN
= http://archive.jive.nl/scripts/listarch.ph
= http://db.ira.inaf.it/evn/
= VLBA
= http://viba.nrao.edu/astro/archive
= MERLIN
= http://www.merlin.ac.uk/archive
= VLA
= http://www.vla.nrao.edu/astro/#D9
= GMRT
= http://neptune.gmrt.ncra.tifr.res.in/obsastro/
m WSRT
= http://www.astron.nl/p/WSRT4.htm
= ATCA
= http://atoa.atnf.csiro.au
= IRAM

= http://iram.fr/IRAMFR/PDB/arch.html

Eduardo Ros
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SIMBAD

s Astronomical database providing
= Basic data
s Cross-identifications
= Bibliography
= Measurements
s Web interface and batch mode possible

m Linked to VizieR (Catalogue Service) and
Aladin (Sky Atlas Viewer)

m All objects outside the Solar System

http://simbad.u-strasbg.fr/

Eduardo Ros
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SIMBAD

Diictionary Biblio Tutorials

Cvtine ot DoNEes Simbad VizieR Aladin Catalogs

ASTRONOMIGLTS D STRASKLEG

Dievelopets

Oneries Information
basic search Presentation
by identifier Eelease history

by coordmates Cuery by urls Acknowledgment
by criteria Momenclature Dictionary

reference query

Object types
scripts List of journals
Ideasurement description Eelease:
Spectral type coding SIMBADA 1.123 - 25-May-2009
.
The SIMBAD astronotrical database provides basic data, cross-identifications, bibliography and measurements for Simbad contains on Z009.06.78
astronomical objects outside the solar system. 4,602,519||objects
SIMEBAD can be queried by object name, coordinates and various criteria. Lists of objects and scripts can be submitted. 13,124,663 identifiers
Links to some other on-line services are also prowided. 132 322 |[bibliographic references
| 6,538,203 ||citations of objects in papers |
[ et ]

If the Sunbad database was helpful for your research woik,
the following acknowledgment would be appreciated:

identifiar, coordinates (radins=10 arcpn), ar bibcode
This research has made wse of the SIMBAD datebase,
aperated at CDS, Strasbourg, France [ SMBAD search | [ clear | help

Install the Simbad basic search in your tool bar

Eduardo Ros
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SIMBAD query

AR e
5 P = 2 £
X Hitmbad VizieR Aladm Catalo gs chnona.ry Blbho Tutotials Developers

ConTRE DE D
ASTRONOMIGUES D 5TR

ather guery ldentifier Coordimate Criteria Bibliography Basic Sctipt Cutput  Help
modes : query query query query Cuery submission optiong
Query an identifier
Eramplss
sirtus, M3, MCGHI2-60-010
Identifier : How fa write an identifier car he found in the diciionary of nomenclature

LA farmat can alse be used, with the following format:
iau [F|B]1230+08 [* enlarging-factar 1 [= Ohjeci-type ]

you can choose to query : | only this ohject v

around the object, define a radius : |2 arc min

[ subrnit id ] [ clear ]

Query a list of identifiers

Enter the name of an ASCTI file produced by a text editor :
Choose File | Ma file chosen

containing one identifier per line:

& list display O fill display

[ submit file ] [ clear ] O query around the objects with rading ;|2 arc min % Ol the list display applies hare

Chuery by identifiers can be done by

& full identifiers

® partial identifiers vsing wildeards (7' = one char, "™ = any string, mcluding an empty one (no chat), [zve] = one char among the list.
Examples:
HD *0000 returns all HDY objects having the HD identifier ending with 4 zeros

HD 107  returns HD 100, 101, 108,

* query around an object, with a radis definition
® o whole catalogue.
* CQuery by lists of objects

Eduardo Ros
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ather query  Idenrifier Coordinate Coeen Diblosmphy Basic

modes : @ query query

SIMBAD

Source Query: M 87

Basic data ﬁ

Identifiers

Basic data :
M 87 - LINER-type Active Gals

2 chject Types

wssemtial nob

Plots and images

Bibliographical

\
references %
%
N

Measurements

External archives
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NED
NASA/IPAC Extragalactic Database

m Database of extragalactic objects
including:
s Cross-identifications of names
= Positions, redshifts
= Basic data
= Bibliographical references
= Images from 2MASS, DSS, etc.

s Web interface, batch mode

http://ned. 1pac.caltech.edu/

Eduardo Ros
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Source list | .

| Cross-identifications

Basic data

Source

Quantities derived from z

4604 arcmin [[Delist Vike i3 3. TS0 kgt | and Selected Redskift

Eduardo Ros
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Virtual LI

Observatory

m Idea: all the World’s astronomical data are
transparently useable as the WWW

N E/II@I_tSa)data standards needed (VOTables replacing

m Coordinated by the International Virtual
Observatory Alliance

s European Virtual Observatory: Euro-VO

= National Sites:
= German Astron. VO (GAVO: http://www.g-vo.orq)
= Australian VO (AVO: http://aus-vo.org/)

= USA Natnl. VO (NVO:
http://www.virtualobservatory.net/)

Eduardo Ros
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Virtual O

Observator &

m Idea: all the World’s astronoy \\\*
transparently useable as tb (\3

s Metadata standards nes Q) eplacing
FITS) 0\6

= Coordinated by th cd irtual
Observatory A \/6

= European VW \Q ory: Euro-VO

m Nationg ?\\e
s Gg @. AVO: http://www.g-vo.orqg)
Q O: http://aus-vo.org/)
66 ~(NVO:

Virtualobservatory.net/)
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Hesia: AstroGrid

s Portal to the Virtual Observatory
m Desktop Applications Suite
s TOPCAT

m AstroGrid Python available, so you
can create your own applications

http://www.astrogrid.org

Eduardo Ros
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Virtual Observatory:

Viewers

TOPCAT http://www.star.bris.ac.uk/~mbt/topcat/
Aladin http://aladin.u-strasbq.fr/

VOSpec http://esavo.esa.int/vospec/

SkyView http://skyview.gsfc.nasa.gov/

DataScope | http://heasarc.gsfc.nasa.qgov/cqi-bin/vo/datascope/init.pl

07/01/2009
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& TOPCAT

Tool for OPerations on Catalogues And Tables

s Interactive graphical
viewer and editor for
tabular data

s JAVA script as part of
AstroGrid

m Fast access to large
data sets,
manipulation, plotting
features, statistical
tools, interface with
other applications
(SAMP, PLASTIC) = e

http://www.star.bris.ac.uk/~mbt/topcat/
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Things you can do

= Finding data for a new source

m Checking all available data in all
wavelength and resolution available
observations

m Cross correlating catalogs
m Visualizing a catalog

Eduardo Ros
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Finding radio data:
choosing the telescope

s North or south?

= Dec >-40 > VLA/VLBA
= Dec> 0 > MERLIN

s Dec <-30 > ATCA

m Desired resolution & source size?

= VLA/ATCA: arcsecond to arcmin resolution
over few to 10s of arcminutes

= MERLIN: 10s of milliarcseconds resolution over
arcmin

= VLBA: milliarcsecond resolution over
arcseconds

Eduardo Ros
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¥ National Radio Astronomy Observatory

Example: data B ===
extraction

s Use the VLA
(NRAQO’s
workhorse,
with 3 Tb
data)

Downloading NRAO Data - Public & Proprietary

http://archive.cv.nrao.edu/

Eduardo Ros
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\ National Radio
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rently Not Available -- co
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Mald«O20:0405
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Finding radio
data

s Checking the VLA
archive

m Search by

= Source name
(SIMBAD) or
position & radius

= VLA configuration
= Observing frequency

m Check Summary
Table...

duardo Ros
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The VLA Archive

m Returns: = Largest angular scale
= Date = Time on source
= Obs. Frequency m Theor. rms noise
= Configuration = No of channels
= Field of View = Bandwidth
= Resolution m Stokes

NRAO Archive - Observing Summary

e [

R

t.LL.FL,

R T N CE R C
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Dealing with data:
a first look

s [he archives send raw uv-data, not images

s Quick & dirty processing: VLARUN, VLBARUN

= can get reasonable quick-look images in a few minutes,
with no special black-belt qualification
m Steps:
= AIPS
= Load in data (FILLM)

s Set array configuration; image size; depth of
deconvolution

= VLARUN - calibrated data & images
= Write them out (FITTP)

Eduardo Ros
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Checking which data

m Resolution vs missing structure

= VLA array configuration choice to be made carefully (A to D)
m Sensitivity

= Longer observations are better (interferometers!)

= More bandwidth is better

= Some frequency bands are more sensitive (5, 8 GHz)
m Special purposes

m Spectroscopy: total bandwidth covers entire line

m Polarization: Stokes field carefully checked, long runs needed
s Make your life easier
Continuum is easier than spectral line
“Center” frequencies (1-15 GHz) are easier than edges
VLBI is more challenging than VLA/ATCA
New data are better than old

Eduardo Ros
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M51: Surveys...
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NVSS: 45" resolution
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FIRST: 5.4" resolution
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..and the archive

» . -
VLA/C: 15"

VLA/C @ 20cm:
15" resolution
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Some remarks

m Please refer to the original publications
and not to databases in your publications

m Use requested acknowledgments for open,
unpublished data

m Please give credit to the people who put
hard work on it

m If doing survey work, design it to become
a public data base and put it online as
soon as possible

Eduardo Ros
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The future

= The archives are growing, getting
better, merging into the VO...

= Lots of new radio telescopes coming
this decade: SMA, EVLA, ALMA,
eMERLIN, ...

- great times to be an astronomer!
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