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Research in astronomy today

IS based on:

Telescopes and their instrument = ¢

e spatial or ground based

* covering the whole range of the
electromagnetic spectrum

Data reduction or data analysis

softwares
 depending on the instrument

Data archives

* Preserve, maintain and add value to
the data

Theory, models and numerical
simulations, laboratory
experiments

Journals -> publications




Evolution of astronomy

* Multi-A astronomy
— Combine data with different

types, different formats... e o >, . v
— Different data archives, i T I L el hycrogen

.

different data access

— Different data analysis
softwares, different mid-infrared
techniques ' ——
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Evolution of astronomy

* More and more resolution

Spitzer/MIPS Herschel/PACS

NASA/JPL-Caltech / SINGS ESA & The PACS Consortium

Spiral Galaxy M51 (“Whirlpool Galaxy”) in the Far Infrared (160pm)



Evolution of astronomy

« Large surveys, deep fields

Hubble Deep Field SCUBA:5I hours

Credit:ESA/SPIRE/H-ATLAS/H.L.G : E . -
HbeF:ltNASA/ESA omez : . H ATLAS 16 hours




Evolution of astronomy

« Avalanche of data quantity!

Aggregate Archive
= Astromom!
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Data avalanche

Very large surveys:100 million of sources, less than 3000
sources per night = > 100 nights to identify them

Very large data collections: dowloading and analysing the

data on personnal computers becomes problematic, or
even impossible. For example: to download the data from
the Sloan Digital Sky Survey (SDSS) DRG :

v' images (10 Terabytes) = ~ 3 months at 10 Mbps

v catalogues (2 Terabytes) = ~ 3 weeks

v" On DVDs = you will need ~ 2100 of them

How do you do data analysis?? (similar sizes for
MACHOQO, 2MASS ...)




astronomy & computer science

* Long term relationship
— 1937: collaboration IBM &

3y W. J. EckerT

Columbia university to compute 40

. Wood, has developed in the Department of Astronomy at Co-
lumbia University a computing laboratory for performing cer-
O O O Stel | a r I Ocatl O n S YAL E tain astronomical calculations by the Hollerith punched-card
method. The possibility of applying this method to astronomical
computations has come from the interest of Dr. Thomas J.
Cata Og Watson, president of the International Business Machines Cor-
poration, and the generosity of that corporation in supplying

the costly equipment necessary for the undertaking.
. . : The advantages of this method of calculation in certain
— . I rS ra n Sa a n IC astronomical problems are so great that the organization and
equipment of the laboratory ought to be made available to
. astronomers generally up to the full capacity of the equipment.
CO n n eCtI O n fo r th e 2 Oth UAI To this end it is now, with the co-operation of the American
Astronomical Society, the International Business Machines
[ Corporation, and the Department of Astronomy of Columbia
CO n reSS to a CceSS S I m bad C D S University, planned to entrust its operation to a board of man-
agers, the majority of whom are to be appointed by the Ameri-
can Astronomical Society through an Advisory Council ap-
- pointed for the Astronomical Hollerith-Computing Bureau. The
Y N Astronomical Hollerith-Computing Bureau is to operate as a
O COI I I l I le rCI a Va u e O e a a scientific non-profit-making enterprise under a board of man-
agers, which board shall decide what work the Bureau shall
undertake and on what terms, and shall be responsible for the
whole conduct of the Bureau. The International Business Ma-
— F ree Ope n access chines Corporation will continue its generous support of as-
) tronomy by making with the Bureau the same arrangement as
to providing calculating machines that it has previously made
. L . with the Department of Astronomy of Columbia University.
— II I lp I IeS CO a Oratlons ata The Columbia Department of Astronomy will undertake, at
) least for a reasonable period, to continue to house the equipment

where it is at present.

eXCh a n g e The plan of organization of the Bureau has been drafted by
"= ==

« Data volume always at the limit e —————
Of th e teCh n O I Ogy tI?]LébII:i;iti}ioers of the Astronomical Society of

Vol. 49, No. 291, p.249
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control : :
Publications

Courtesy of P. Quinn



S0, what is the « Virtual
Observatory »?



The Virtual Observatory

Web: all documents on a personnal computer

VO: all astronomical data bases on a personnal computer
VO = democratisation of astronomy!

What the VO is not:

* A centralized data base that contains all astronomical data
A monolithic software
« A peer-to-peer system

All this requires that the different parties speak the same
language = VO standards VO and protocols are defined

and adopted by the IVOA (International Virtual Observatory
Alliance) that includes 16 projects across the world

But the OV layer remains transparent to the users
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The Virtual Observatory

The Virtual Observatory (VO) is an inovating and
evolving system, that enables astronomers to:
= Benefit from the ever increasing quantity of
astronomical data
= Query multiple data centers in a transparent
way and to take the best out of astronomical
data
= Remotely compute and perform data analysis
= Triger new Science




The Virtual Observatory

» Astronomers questions the VO can
danswer.
— Are there data that...
— Where can | find data/tools that...
— What is the format of...
— What is the content of...

CRAB #4 9-0CT-1997 LWSD1
(RA, Dec)=(05"34M34%1, +21%59'54 .6) (J2000) TOT No. 69301611
Basic data : g ]
10 -
V# CM Tau -- Pulsar 3 E
5 ]
Other object types: Rad (2C,3C,4C,3Ct 2 °F B
(3A,2E,1ES,1H,B,] = ,[ q 3
(LBN,SH) ,SNR (A. © f W}W | ]
2 —

ICRS coord. (ep=2000) : 05 34 31.97 +22 ( : *JLM.,%_ _ 1 x
FKS coord. (ep=2000 eq=2000) : 05 34 31.97 +22 ( e =

0

FK4 coord. (ep=1950 eq=1950) : 05 31 31.43 +21 ! " velength (um)

Gal Coordinatcs : 184 * 557 5 _05 * 7 B4:Bw4ll Produst V3.2 = DUP Varslan OLP_1Q — CAL G Flles Vardlan CALG 7D
Parallaxes mas: 7 [10] D 1952GCTP..C...... 0J
Spectral type: FD~

essential notes: « PSR 0531+21 is the central source of SNR 184.6-5.8 [ 05-Jul-2004 1.




Data Tree
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Ok, but what is it really?
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Data Centers

The essential bricks of the VO

Data centers in the VO can be very
different, including very small teams

Archives data, services with added
value, development of softwares,...

Keywords: user services, quality,
durability




VO core: Standards!

* Protocols to:

— Access images, access spectra, access tables
— Exchange messages between applications

 Standard data formats

— VOTable, FITS
— UCDs (Unified Content Descriptors)

« Data models & meta-data

— Describe the data
* Instrument used, wavelength, epoch, ...

— What makes this dataset different from others?



Services

* Registry: The
yellow pages of
the VO

— Who is hosting
data right now?

— Are they
available?

— Which URL
should | use?

e 00 Server list
Check/uncheck the servers concerned by the ALL VO discovery mode
{ Selectall ) ( Unselect all \ Filter: / Go \
Image servers |
1) M The Aladin image server (CDS/Strasbourg) - DSS/MAMA... ?
2) M SDSS DR7 images ?
3) ™ Multimission Archive at STScl (MAST) ?
4) 121 Canadian Astronomical Data Center (CADC) ?
5) ™ Hubble press release images ?
6) E MAMA ESO R Atlas - VO-Paris (Fr) i
7) M 2MASS All-Sky Atlas Image Service ?
8) l§1 Observations of neutron stars ?
9) E Hubble Space Telescope Press Release Image Archive ?
10) ™ 1A2 Italian Center for Astronomical Archive: TNG ?
11) M VO-Paris MAMA ESO R Atlas ?
12) W HST-ACS GOODS data within Chandra Deep Field South (CDFS) ?
13) W Chandra X-Ray Observatory Data Archive ?
14) ™ NOAO Science Archive ?
15) M SAI Supernova light curve catalogue ?
16) ™ The MACHO Project Image Archive SIAP Service ?
17) M The Extended IRAS Galaxy Atlas ?
18) ™ spitzer First Look Survey (FLS) -- NOAO ELAIS N1 -- R ?
19) 4 Spitzer First Look Survey (FLS) -- NOAO Extragalactic -- R ?
20) ™ The IRAS Galaxy Atlas ?
21) M The Spitzer Wide-area InfraRed Extragalactic Survey ?
22) M Coma Legacy Survey SIAP ?
23) ™ SIA Service for ROSAT Archive ?
24) M NCSA Astronomy Digital Image Library Simple Image Access ?
25) M The Surface Photometry Catalogue of the ESO-Uppsala Gala... ?
26) M Cosmic Evolution Survey with HST ?
27) W The Mid-Infrared Galaxy Atlas ?
28) ™ SIAP Service Hubble Space Telescope preview images ?
29) M Spitzer First Look Survey (FLS) -- Ancillary VLA Data ?




Tools

Query, explore, visualize data
Selection tools

Estimate how usefull the data is for your science with

simple analysis functionalities
Aladin: one of the VO portals

MySpace P4 PLASTIC

EURO-3D
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TOPCAT
Web Service @ VizieR VOSpec

VOEvenrNer WORKFLOW

/4  Simbad VO TooLs
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Standards and interoperabillity

* Interaction between tools as if one single tool

& W . ld
B COODS WiLVES SERF2C IV - MEviEw m
S [ Vew Operstions  Plasic L
s ROy exrXBaane
e . Iy . e 4 dess Do (miimmn Sme
VOSpec Spectral Analyms Tool » BB "8 img
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LT CO00S-MST-AC
'f COO0DS-HST-AC
& sa-2

- B 5C1-1

& 50
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e < >
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oraanens Uirmdsist Dpterer e 50 Dis Mochan BierOBE Y System
- :.t;‘ - :i:‘:uvn;c'n;;‘ wmv B st mim'u;i“ 1 < =2
v =0 190237 2581346494 sapdasa) MAST LE SRR ) 340 ;] 1 . e e 2 . .
FO 12T 000081 346484 der 07303 MAST LE LT 4010 . - vy . 4 - 4 [ -
E
. =lolx
Basic data :
V* CM Tau - PUISar (querya
Other object types: Rad (2C,3C,4C,3CR,CTA,CTB,Cul,DA,DB,GRS,Mills,NRAO,NRL, PKS,SIM, VRO, W, -
(3a,2E,1ES,1H,H,1M,2U,3U,4U, X, [BMB3], [KRL2007b]) ,gam (1CG,2CG,2EG,3E _',f--'

(LBN,SH) ,SNR (AJG,SNR) ,Psr (PSR,PULS) ,* (CSI,PLX) ,IR (IRAS,2MASS)

ICRS coord. (ep=2000) :

FKS coord. (ep=2000 eq=2000) :
FK4 coord. (ep=1950 eq=1950) :
Gal coordinates :

Parallaxes mas:

Spectral type:

05 34 31.97 422 00 52.1 ( ~ ) [ 139 100 90 ] D 1999A&AS..136..571H
05 34 31.97 422 00 52.1 ( ~ ) [ 139 100 90 ] D 1999A&AS..136..571H

05 31 31.43 421 58 54.4 ( ~ ) [ 139 100 90 ] D 1999A&AS..136..571H

184.5575 -05.7843 ( ~ ) [ 139 100 90 ] D 1999A&AS..136..571H
7 [10] D 1952GCTP..C...... o

FD~

essential notes: « PSR 0531+21 is the central source of SNR 184.6-5.8 [ 05-Jul-2004 ].




And now, let us show you how
It works!



