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Why Survey The Sky?

• A survey is the observation of large volumes of the universe in order to gather 
representative samples of objects, to discover new types of objects and/or to 
find the most rare objects

• Scientific aims of surveys are very broad

• Wide versus Deep

All Sky

Pencil Beam

Several large 
fields

z
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Surveys : A brief history
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Ancient Surveys

• At night one can see about ~1000 stars 

• First sky surveys were records of positions and motions of stars and planets 
over 5,000 years ago (Egypt, China, Central America, Mesopotamia)

• First star catalogue (800 stars) created in China in 350 B.C.

• Greek philosophers (600 B.C to 400 A.D):

• Movement and distance of planets

• Size of Earth, Sun and Moon
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Modern Astronomy

• Nicholas Copernicus (1543) solar system 
movement

• 1600s movement of planets

• Tycho Brahe & Kepler compiled accurate 
astronomical catalogue of 700 stars

• Galileo Galilei invents the telescope -> we 
can see further than our eye

• Isaac Newton gravitation theory
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20th Century Surveys

• Invention of camera and spectrograph (late 1800s)

• Schmidt telescope (46 cm) in Mount Palomar 
(1936)

• Palomar Sky Survey I (1950-57) using a 1.2 meter 
telescope in Palomar, followed by Palomar Sky 
Survey II (1980-99)

• Development of observatories and surveys at 
other wavelengths (radio: FIRST, X-ray: RASS, 
Infrared: 2MASS, Far-IR: IRAS)
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A bit of history

Automate Plate Measurement machine, 
IoA, Cambridge
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The APM photographic sky survey

• ~10GB/day 

• ~1000 plates/year

• UKST, AAT, KPNO, CFHT, CTIO

• Object extraction and 
parameterization

• ~4h/plate scanning and 
processing (UKST)

Irwin 1985
McMahon & Irwin 1992
Irwin 1994
McMahon et al 2001
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Modern day technology

VIRCAM@VISTA

Omegacam@VST

1st light CCD on 1m 
telescope in KPNO (1979) 
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Modern Day Surveys
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Optical: The Sloan 
Digital Sky Survey

• SDSS 2.5m telescope at 
Apache Point Observatory 
(New Mexico)

• Optical multiband (ugriz) 
imaging and spectroscopic 
survey of 1/4 of the sky

• Imaging catalogue: 357M / 
Spectroscopic catalogue: 1.6M

• Archive > 100 TB

SDSS-I: 2000-5
SDSS-II: 2005-8
SDSS-III: 2008-14
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Optical: The Sloan Digital Sky Survey

• Discovery of most distant quasars seen when the Universe was just 900 
million years old

• Measurement of large scale structure of galaxies

• Origin and structure of the Milky Way
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Near-IR: From 
2MASS to VISTA

• Near-IR is more sensitive to 
cooler, redder stars than optical

• Can view through dust regions

• Probe red, obscured galaxies

• 2MASS covers all sky

• 4M images, 472M objects

• 10TB of images
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Near-IR: From 
2MASS to VISTA

• UKIDSS now observing 7,500 
sq deg - 3 mag deeper than 
2MASS

• Coolest and nearest brown 
dwarfs

• High-z starburst galaxies

• Galaxy clusters at z~2

• High-z quasars at z~7
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2.5 sq. deg. 2MASS vs UKIDSS-DXS
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Near-IR: From 
2MASS to VISTA

• VISTA will survey the southern 
hemisphere in the near-IR

• Nearest and lowest mass stars

• Nature and evolution of Dark Energy

• Physics of the epoch or reionization; 
the discovery of the first z>7 QSOs

• 100 times the volume of 2MASS

• Support of ESA missions: XMM-
Newton, Herschel, Plank, GAIA
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Mid- and Far-IR: IRAS, Spitzer and Herschel 

• IRAS (1983) full sky survey at 12, 25, 60 and 100 um - 350,000 sources

• Infrared cirrus (dust clouds in our galaxy)

• Starburst galaxies - galaxies emit most of the bolometric luminosity in the 
IR

• Strong IR emission from interacting galaxies

• Most luminous object in the Universe (F10214+4724)
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Mid- and Far-IR: IRAS, Spitzer and Herschel 

• Spitzer (2003, still operating) and Herschel (2009) are observatory type 
missions but much time is dedicated so surveys.

• Very cool stars

• History of Star Formation and energy production

• Galaxy structure formation, evolution of clustering

• AGN/Starburst Connection
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Herschel Key Projects
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X-Ray, Radio, Sub-mm, ....

• X-Ray: RASS, XMM and Chandra Surveys, ...

• Radio: FIRST VLA Survey, ...

• CMB: COBE, WMAP, Planck, ...

• GAIA will produce the most accurate 3D map of our Galaxy

Every telescope or space mission 
has been used to carry out surveys

... and also pushed to their limits to 
reach the most distant Universe ...
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Deep Surveys : Hubble Ultra Deep Field

• 1 million seconds

• 11 sq arcmin / 38M pixels

• 10,000 galaxies many at z>3

• To observe the entire sky 
would take 1 million years

• Target of all major 
observatories: Chandra, 
XMM, Spitzer, VLA, ....

200 arcsec / 6200 pix

Wednesday, 14 October 2009



There are many fields with a lot of observations...

• GOODS North & HDFN

• GOODS South & CDFS

• Lockman Hole

• Extended Groth Strip

• XMM-LSS

• ELAIS N1, N2, S1

• First Look Survey

• Bootes (NOAO Deep Wide)

• VVDS

• ...and many more...
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Astronomy In The Internet Age
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Astronomy Trends

CMB Surveys (pixels)

• 1990 COBE                  1,000

• 2000 Boomerang       10,000

• 2003 WMAP                    1M

• 2009 Planck                  10M

Angular Galaxy Surveys (obj)

• 1970 Lick                            1M

• 1990 APM                           2M

• 2005 SDSS                     200M

• 2009 PanStarrs             1200M

• 2015 LSST                    3000M

Galaxy Redshift Sources (obj)

• 1986 CfA                          3,500

• 1996 LCRS                     23,000

• 2003 2dF                      250,000

• 2005 SDSS                  750,000

Wednesday, 14 October 2009



Astronomy data

• 1 pixel (byte) per sq arc second -> 4 TB to cover the whole sky

• Multi wavelength, different epochs, different depths, ... -> 1 PB

• Data doubles every 2 years
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What is a Petabyte

• A Petabyte is a lot of data (1015 bytes)

• 1PB 13.3 years of HD video

• 50PB is the entire written works of mankind from the beginning of recorded 
history in all languages

• Get ready for the next revolution: Exabytes (1018), Zettabytes (1021) and 
Yotabytes (1024)
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Some future facilities

• PanStarrs 1 (1.8m) produces in 1PB / year. 80TB database server (largest 
astronomy database in the world)

• PanStarrs 4 (2012) will generate 4 PB/year

• LSST (2015) is a 8.4m telescope which will produce 30TB per night

• SKA (2020) 1EB / day (i.e. more data in 6 hours than all radio astronomy ever)
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Astronomy data

• 1 pixel (byte) per sq arc second -> 4 TB to cover the whole sky

• Multi wavelength, different epochs, different depths, ... -> 1 PB

• Data doubles every 2 years

• Discoveries are done in the boundaries, need to cross match different 
wavelengths
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The multiwavelength Crab Nebula

http://coolcosmos.ipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/m1.html
http://imagine.gsfc.nasa.gov/docs/science/know_l2/multiwavelength.html
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Need for databases

• Traditional data search and transfer are not adequate

• You can do a grep of 1TB in 2 days, transfer it by internet in 2 days for 1K$

• You can do a grep of 1PB in 3 years, transfer it by internet in 3 years for 1M$

• Need indices to limit search, parallel data search, i.e. databases

• Do not move the data, do all data manipulations at the database
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SDSS SkyServer

• Radial / Rectangular Search

• Image Query

• Spectra Query

• Image List

• Object Cross ID

• CasJobs / SQL Search

• Command Line Access
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CasJobs: Advanced Search using SQL
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CasJobs: Advanced Search using SQL
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NASA/IPAC Extragalactic Database (NED)

• World’s largest database of 
cross-identified extragalactic 
objects

• 163M objects, 170M cross IDs

• Queries by name, near name or 
position, by reference, author.

• Constraints on redshift, type, 
flux, sky area
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• Available data: positions, redshifts, photometry, images, spectra, 
diameters, associations, references to literature

NASA/IPAC Extragalactic Database (NED)
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VizieR : Archive of Catalogues

• Find and search published 
catalogues

• Coverage, documentation
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Many more data services

• IRSA

• MAST

• WSA

• Telescope Archives: ING, ESO, CFHT, NOAJ, ....

• Lots of data already available to download from the Internet
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The Virtual Observatory
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The Virtual Observatory

• Premise: most data is (or could be) online

• So the Internet is the world’s best telescope

• It has data on every part of the sky

• In many spectral bands: optical, radio, x-ray, ...

• As deep as the best instruments (2 years ago)

• It is up when you are up. Seeing is always great, no working at night, ...

• It is a smart telescope: links objects and data to literature on them.

Slide from A. Szalay
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The Virtual Observatory

• Data distribution is not homogeneous at the moment: different archives, 
different data formats, data description, tools to interact, ...

• IVOA: International Virtual Observatory Alliance (about 20 countries and 
growing up)

• Provide content (data, metadata) services, standards, analysis services

• Federate existing and forthcoming large sky surveys and archives, facilitate 
data distribution

• Develop and provide data exploration and discovery tools
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The Virtual Observatory

• Need for new data mining techniques, data understanding technologies, 
hyperdimensional visualisation, machine assisted discovery, ...

• Facilitate science with massive data sets

• Optimise use of expensive resources (e.g. space missions)

• Enable and stimulate new science

http://www.ivoa.net
http://www.euro-vo.org
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NVO DataScope : Finding Data
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NVO DataScope : Finding Data
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Tools : Catalogue Operations with TOPCAT

• TOPCAT is a tool to operate with tables

• Table browse

• Subset selection

• 2D/3D plots

• Histograms

• User Interaction
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Tools : Image Visualisation with Aladin

• Search and view images

• Display footprints

• Display Catalogues

• Measure quantities

• VO Tools share standards 
and are interoperable
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Challenges

• Large amounts of data -  Need of databases, efficient search. Move analysis 
to the data

• Make efficient use of existing data from archives - every part of sky has 
been observed at least once, many areas with multiwavelength coverage

• Data exploration -  an emerging new branch of science - computational 
methods, algorithm thinking, visualisation, new HPC architectures
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The End
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