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Astronomie 21. stoleti

* Exponencialni narust objemu dat

— Multiobject fibers, IFU
- CCD mozaiky
- Kontinualni expozice TDI

* Pozorovani s velkymi pristroji v servisnim
rezimu (VLT, Subaru)

* Queue Scheduling (HET, SALT)
* Bez pritomnosti Pl astronoma

» Komplikovane zpracovani dat = automaticke
pipeliny
* Roboticke teleskopy (P60, Liverpool)



Teleskopy bez pritomnosti
Pl

* Klasicky model Pl — observing run se meni
 Uspory nakladu, efektivita — scheduler (SPICA)
 Keck , WYIN, VLT .... remote observing, RT

* Quick-look preview a eavesdropping

» Komplikovane posouzeni co je vysledkem

* pipeliny na gridech — automaticky do databaze

* VVysledek Pl vidi az z DB na WWW

* Teleskop je databaze s velmi dlounym pristupem®



Era digitalnich dat

Multispektralni data (nova okna)

e syntéza udaju z ruznych zdroju

digitalni data -archivy (IUE ULDA)

90. Iéta = web ruzné sluzby skyview, telnet
ruzné formaty, jednotky, protokoly, GUI
iteratura = SIMBAD, ADS

ntegrace archivu = MAST, ESO, ING




Demokratizace astronomie

* Digital divide (technologie ne, data ano)
* Data jealousy (pomine — psychologicky efekt)

* Data porizena a zpracovana strojove — pocit ze
Jjsou nevlastni, proprietary period max rok

* VétSina projektu-volne ihned

e Keck archiv — co verejne (HIRES) je public
* Ale lavina dat

* Zdvojeni kazdy rok (Moore 18mesicu)



Teorie - slozité modely

e 3D simulace
e Plna MHD

* \Velké simulace — data v TB, velké databaze na
vstupu (linelisty, sité modelu)

* Turbulence ISM ...

* N-casticové modely (cele galaxie, populace)
* VVelkorozmerova struktura

* Al metody, NS, GA

* \Vizualizace TB dat pomoci VR



Lavina dat




Pocatky VO

* idea VO konec 2000

* propojeni archivu

* jednotné rozhrani, datovy format pro prenos
* mnoho dat — distribuovane zpracovani

* GRID - fyzika elementarnich castic

* multispektralni vyzkum: radio---gama

e Vystupy simulaci v NCSA

* Data pro SDSS — hlavni vyzkum



Virtual Observatory : Key
Definitions

* “The Virtual Observatory will be a system that allows
astronomers to interrogate multiple data centers in a
seamless and transparent way, which provides new
powerful analysis and visualization tools within that
system, and which gives data centers a standard
;‘zamedw?r,lf for publishing and delivering services using

elr data’.

e Standardization of data and metadata, and of data
exchange methods.

* Regqistry, listing available services and what can be
done with them.

R.J.Hanisch, P.J.Quinn, in “IVOA — Guidelines for participation”



Principy VO

* Jednotny format dat — VOTable, UCD
* transparentni prenos SOAP

* \Web services (WS)

* VOregistry (jako DNS)

* MySpace (sitovy home disk)

* protokoly (CGl services)

— ConeSearch (hledani v kruhu na obloze)
- SIAP (Simple Image Access Protocol)

- SSAP(Simple Spectral Access Protocol)
- SLAP(Simple Line Access Protocol)



& Display Data In ¥OTable Format. __ i

42 yOTable :
ﬂ';'f" =2l version="1.0"7=
=IDOCTYPE WOTABLE SYSTEM "hitp:fius-vo.orgixmiInOTable. dtd"=
MOTAELE =
=DESCRIPTION=
VizieR Astronomical Server: urania.iucaa.ernetin 2002-10-04T05:2016
Explanations and Statistics of LICDs: See LINK below
In case of problem, please report to: guestiohig@simbad.u-strasho. fr
=DESCRIPTION=
=DEFIMITIONS=
=C00SYS ID="J2000" equinox="J2000" system="EQ_FKA&"f=
=IDEFIMNITIONS =
=|MFO ID="Ref" name="-ref' value="y0Tx11451" =
=RESOURCE name="v1058" |[D="yCat_51058" =
=DESCRIPTION=S5EY2000 Catalog, Version 3 (Myers+ 2000)
=DESCRIPTION=
=TABLE ID="Y_105_sky2v3r1" name="vM10alsky2var" =
=DESCRIPTION=The Sky2000 Version 2 Catalogue
=DESCRIPTION=
=FIELD datatype="int" width="6" name="HD" ucd="ID_ALTERMATINE" =
=DESCRIPTION="Henry Draper &IE11M 3580t number
=DESCRIPTION=
=FIELD=
=FIELD unit="h:rm:s" datatype="char" re="J2000" name="RAJZ000" ucd="FPOS5_EQ_RA_MAIN" arraysize="13" =
=DESCRIPTION=Right ascension (12000 hours
=DESCRIPTION=
=FIELD=
=FIELD unit="d:rm:s" datatype="char" ref="J2000" name="DEJZO00" ucd="FPOS5_EQ_DEC_MAIMN" arraysize="13" =
=DESCRIPTICOMN=Declination degrees (J2000%
=INESCRIPTION=

¥ Display Data Of Selected Points

Save As File




Technologie VO (SDSS)

e SDSS = SkyServer

* Skynode, SkyPortal (distribuované query mezi
SkyNody)

* OpenSkyQuery

* ADQL

* XMATCH, REGION

* VOSpace — cache(WS, database,http put get)
* prenos dat nelze, pomaly - zpracovani na miste
* VOEvent (alerty)



Architektura VO

% Discover Compute Publish Collaborateﬁ 2

FPortals, User Interfaces, Tools

Virtual
QObservatory
Architecture

HTTP Services SUAF Services Grid Services

& persistent, authenticated

statelesz, registared & zeltdescribing

@ | Semantics (LICD l : | crossmatch |

Digital Library : Workflow (pipelines)

data mining

Saurce |
| detection | ;
o SRR | | wirtual Data

= == R= I
SQELON

) Cither ragistries
AMLDC METS T ¥ | Authentication & Authorization

Existing Data Centers iy SPACE starage services Grid Middleware
| | SRB, Globus, 0GEA

Databases, Persistency, Replication SOAF, GridFTR
Disks, Tapes, CPUs, Fiber




Grid : Key Definitions

* The Grid concept is “coordinated resource
sharing and problem solving in dynamic, multi-
institutional virtual organizations

- This sharing is, necessarily, highly controlled, with
resource providers and consumers defining clearly
and carefully just what is shared, who is allowed to

share, and the conditions under which sharing
OCCUTrs.

* A set of individuals and/or institutions defined
by such sharing rules form what we call a
virtual organization (VO ... VOrg)

lan Foster, Carl Kesselmann, Steven Tuecke in “Anatomy of the Grid”



Virtual Observato
web
web
service
web
service
web
service
web
web
service

Registry
Workflow

GLUE

Authentication
MySpace

grid connected



Nastroje VO-enabled

e Aladin

* VOPIlot

* VOSpec
e SpecView
e SPLAT

* ViSiVio

e VOSED

e Sextractor — WESIX (Web Enabled Source
ldentification with Cross Matching)



+ -
S+ ESO Archive Query Form

Target Resalved
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VOPlot-Aladin
interoperability

AN.0 demonstration prototype

LinKs... Plugins...

Field: 07:15:13.00 +16:56:37.4
— _ |

| htkp:fiurania, 1 inflo: From £. k. Form=Plot+

Cas @ |durban &]vo localhost o] W . € |Bugs €| IUCAS & sav

View Functions Aladin Help

Astrographic Catalogue, Zones 02 to +31 degrees (Roeser 1990)

17 00




Building a query

AstroGrid Query Builder

SD55 Data Release 3 (AstroGrid D5A)

i 4|0
Chooser

Query
Parameter

Tree | Adqlfs | Adqglfx

Select
lterms a.ra, a.dec, a.u, a.q,
XML ar ai, az aerr_u,
Info a.Brr_d, a.err_r, a.err_i,
SECUrtY a.err_z, a.ypoe
PhotoQhj as a
Whera
And
a.ra Between 242 0 And 243 .6
a.dec Between 54,1 And 551

Diagnostics

4

5055 Data Release 3 (AstryGrid D54)
SpeclLineMame
SpecfStatus
SpecWarning
TikMask
Tile
TilingBoundan

Marmne UCD | Units | Type| Description TilingMask
Lo SCat <LIZCEER L. | o TiledTarget

eldiD ... Lk 1o the Specob]
arent . minter to o... -
shecobjiD (1D Pointer to 1., PhotoFamilyy
FH... |mag Sharthand ... PhotoObj
PH... |mag Shorthand ... PhotoPrimary
PH... |mag Shorthand ... PhotoSecondary
FH... mag Sharthand ... SpecLine
SpecPhoto

Galaxy

[ PN

s all primary and second objects in the
ksl table 1o a wiew

Column References

Insert 5 referencey into "ltems” [
Error in mo...

. -
Ertor in kan




LI Non-expert  muens s IR from warm dust in ==
access pre- _ remnant AGB shell =
2006 arget icats (IRAS, ISO, 2MASS) < |

Ready-made
FITS images -

Aladin L |
Catalogues:

= -
L —

L | " Non-thermal nebular

- : radiocontinuum
Hot stellar emission (various - Vollmer

M e |0 CUSE. |UE o catalogue)

Ii Dots - | [ angtt
[ | Dots - | [

SpecFind

[ M [ | Server | Title | Ra | Dec | Format | Select | Status |
(W | Doxs - | ] Far Ultrawi... |[IC418 FUSE (LAF) 5187 -12. 967 |[spectrum... [v] comipl. ..
Lacal File Fadio data: IC 415 Spectrum... [s] camipl. ..
Local File IFAS Photometry Data: 12 Spectrum... [+1] cormipl. ..
|$ Local File IS0 PHT IC 418 spectrum. .. W |compl.. |5
Lacal File 2MASS Photometry Data: |, spectrum... [#] coamipl. ..

| Clear Cache || Ur z 0iormy | Drisplay | | Res et || Save lmage |

Wrapper Creator —

"

HowTo — About |




Teoreticka VO (TVO)

* Metody VO (parametry v DB, SQL...) pro
vyzkum vysledku simulaci, katalogy
simulovanych objektu jako SDSS...

* Prohlizeni simulacniho prostoru podle ruznych
0S — parametru, vyrezy na oblasti...

* Virtualni vesmir (AstroGrid)

* Formovani umelych galaxii, kulovych
hveézdokup — N Casticovée modely

e Srazky galaxii



CIELO VO implementation

CIELO-AGN is the first astrophysical line catalogue
compatible with the (draft) IVOA Line Data Model and
accessible through the (draft) Simple Line Access Protocol

SLAP Viewer Copyright ESAC, Spain

Server selector

@ SLAP Services

LERMA —

145D ]_Molecular line databases

MNIET ATOMIC SPECT RA
CIELD SLAP
[¥] http: ffesavo02 B080/cieloslapToolKitfcieloslap. jsp?

Range of Search (m)

Wavelength Start [4411346164190677E-5

Wavelength End  |4411346164190677E-5

Reset

Slap Services Output

CIELO SLAP |

Idm:Line.wavelength [Idm:Source. [Source.co.. [Source.co.. ][, [ 1dm:Li..[idm

e iem:

[

1.85627e-09 NCC1068  |[40.66963
1.7768e-09 NOC1068  [40.66963
1.89671e-09 MGC1068  |40.66963 -0.013228
2.47733e-09 MGCI0EE (4066963 -0.01328
2.210lze-09 NQC1068  |40.66963
2.1602e-03 NCCZ1068  |40.66963
2.18071e-09 NCC1068  |[40.66963

2 1E2 10 A0 TN Tl W T4 A Ol

1P1 /150 |0l
1P1 150 |0l
2. 2. (O
2. 20 MV
351 150 Ovil
1P1 150 |0l
3PL1S0 Ol
i

VOSPEC ...

Target [Crab | Ra

Eesa
[ ]

[63.6332083 | Dec [+22.0144722 | Size [1

Simple Line Lccess

Wave Unit Log Scale

Flux Unit

Redshift [0.00 | []

Graphic Mode
M |roims
M [roints

VO5Spec Spectra Viewer

ISO spectrum of P Cygni

2.0 a0 1eD2

Wawe Length micron

Status
ready
ready
complete
ready
readhy

i

Format
spectrum,/fits
spectrum,/fits
spectrumjffits
spectrum,/fits
Spectrumfits

Display | Reset

Wrapper Creator - HowTo - About

[ Server Ra Dec
|Infrared Sp.. L |BEE223 22.0102

Infrared Sp... . |BEEZZ2S 22,0246
Infrared Sp... L |B2.e402175 |22.01457
Infrared p...

View infrared 5p...

. |[B2.633409 [22.0346
. [BEB334225 22.03459

L

| Clear Cache || Unzoom | || Save Image




Stellar populations are modeled with synthesis models

the IMF

stellar
spectra




Virtualni dalekohled

Vypocet na GRIDu (Superpocitaci)
Vizualizace dat ve 3D

Konvoluce s PSF daného pristroje (prehlidky)
Prislusné natocCeni , perspektiva

Hledani vhodnych podobnosti ve VO

- Automaticky
- Chi?*2 match
- NN analyza
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N Body Simulations of
Globular Cluster Evolution
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Collimated Outflows from
AGN

® 3C 175

.
Quasar 3CT75

VLA Gom imade (o) NEAD 1296

28



MHD Simulations of Collimated
Outflows from AGN - Virtual
Telescope Observations

Electrons

Compare with
Radio
Archives



MHD Simulations of Collimated
Outflows from AGN - Virtual
Telescope Observations

Compare with

Chandra Chandra Archives
30



Véda predevsim

Nové objevy (publikace)

Hledani vztahu

Temna hmota ...

Granty na VO (Astrovirtel 2001)

Hledani vzacnych objektu (BD, Obscured QSO)
Vyvoj hvezd a galaxii, star formation regions
Kulove hvezdokupy

Upresneni Hubblovy konst.



Ukazky aplikaci

Objevy hnedych trpasliku (jako eps Ind)

Prechod od AGB k PN (100 novych k 200
dosud znamym pomoci VO)

Svételné kfivky pomoci Al

SED (Spectrum Energy Distribution)
Bolometricka jasnost

Porovnani snimku (POSSI vs. POSSII) zmeny
Modelovani stelarnich populaci — spektra
Slunecni oblasti — vlastnosti podle polohy



ImageComparer

Fig. 3.— Red POSS-I and POSS-1I images of Persson’s Star. The left image was taken in
October 1953, while the right image was taken in September 1991.




BDs discovered using VO

Brown Dwarf Search Science
Standards Prototype: Real-Time Cross
Matching of Large Catalogs

Software & Services
Publications

Prototypes
Scientific Motivation The search for brown dwarfs

has been revolutionized by the latest deep sky

surveys. A key attribute to discovering brown dwarfs is
the federation of many surveys over different

wavelengths. Such matching of catalogs is currently
What is the NvQ?  laborious and time consuming. This matching problem

Science Objectives  is generic o many areas of astrophysics.

COMMUNITY Data Resources

+ Sloan Digital Sky Survey (SDSS) Early Data s

Discussion Lists Release (15 million objects)

International VO

VOForum __ . 2-Micron All Sky Survey (2MASS) 2nd
Metadata (NCSA) Incremental Point Source Catalog
Other Links (162 million objects)

What the VO Brings Today, doing the matching of

these two large datasets is user-intensive and is
Contact Us replicated by many different users. Also, the correlation
Personnel of these two datasets can take years of CPU time if not

done correctly. The NVO brings two key aspects to

detections with z-

» SDSS: 15M obj.

z & J-only
J>2.75

> 2MASS: 160M obj.

» 300000 objects

2MASS

in common.
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IAU GA, Prague, Aug 2006



Discovering field BDs with 2MASS/DENIS

» Region surveyed:
v RA: 300° - 360° / DEC: -10° / -34°
v RA: 210° - 270° / DEC: -1°/ -13°
>
> Follow-up (IR imaging) already done. Analysis on-going.

Discovering field BDs with
2MASS/SDSS

» Region surveyed:
v' RA: 300° - 360° / DEC: 0° - 20°

> , one of them already identified as BD
(2004, AJ, 127, 3553)

> Follow-up (IR imaging) foreseen for the coming weeks.

IAU GA, Prague, Aug 2006



The observational evidences

-
o

Normolized Flux

vF, [erg/s/em’]

Normolized Flux

|
|
|

|
[ e
0 ﬁ{@\aﬁﬂfgg__g_‘@%ﬂ%@d
6550 6555 6560 6565 6570 6575

v' Ha double peak

v" A high percentage of BDs
found in Star Forming Regions v’ Scenario compatible with a disk

dissipation in a timescale similarto T

show IR excesses
Tauris.

IAU GA, Prague, Aug 2006



| Study Results

B V R Ks 36um 4.5um 5.8 um
zphot = 2.52
Age = 500 Myr

Stellar mass = 9.9e10° M

sun

Reduced chi-sq = 1.04
SFR current=0.79 M_, yr'

19.11.2006 Paresh Prema, IoA, Cambridge, UK. IAU At 37



NVO Science — Some
Examples

e Radio-Loud AGN in the SDSS

- Best et al. 2005
- Cross Match SDSS DR2, NVSS, FIR

- SDSS Spectral Data
- 2712 Radio Galaxies

- Radio Emission Due to
AGN vs Star Bursts

=]
=]
=]
o
]

38




NVO Science — Some

Examples

¢ |s There an AGN — Starburst Connection?
* (Heckman et al.2006)

- Does a Common Accretion Torus Produce Both?
- Both Phenomena Produce X-rays

- Cross Correlate 80,000 X-ray Sources with >
500,000 Galaxies (with z) From SDSS DR4

- Look for Common Hosts
- Look for Evolution with Redshift

39



NVO Science — Some

Examples

® Detecting Embedded Intermediate Mass

Stars
- (Kerton et al. 2006)

- Star of 5-10 Mo — At Boundary Between Solar
Type and Very Massive Stars

® Hence Crossover of Different Physical Processes
- Young B Stars Buried in Molecular Clouds

- Radio + mm Spectral Line Surveys + 2MASS,
IRAS

- Data Cube Analysis (x-y-A)

40



NVO Science — Some

Examples
* Merging Galaxies
- (Allam et al. 20006)
- Galaxy Mergers: Create Starbursts, Form Central

CD’s in Clusters, Feed AGN, Produce ULIRGS....

- Optical (SDSS) Surveys Bias toward High SFR
- IR Traces Mass Distribution (Red Stars)

- Search 2MASS XSC (1.6M Galaxies)
e Expect ~ 30,000 Merging Pairs
- Do Multi Wavelength Followup

41






Vyhrady k VO

e Zamereneé na technologie a SW

 Kvalita dat — garbage in - garbage out

* Astronomove chteji vedu predevsim

» Kdo vlastni data — co s daty v PP pri dotazu PI?

e | i[dé se nebudou chtit lacino vzdat — data
platidlo, prestiz, konkurencni vyhoda

* Jak dat kredit 7 Komu ?



Je bajecné byt u noveé revoluce
v astronomii
Zucastnit se muzete i VY!

Staci jen Internet a rychlé PC
Veskery SW i data jsou
ZDARMA!

MlUzZeme byt plnohotnotnymi
partnery po vstupu do ESO
(EURO-VO)



ViRkTUAL OBSERVATERY?
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The Digital Divide in Astronomy-

Immense databases, electronic archives of
scientific periodicals are available free.

The latest research is available through
preprints.

Virtual Observatory tools will make all this
highly accessible and usable.



%ﬁ; astronomers lack the bandwidth,
expertise and the environment to make use
of these riches...

There is resistance to the use of new
concepts and tools...

There are reservations about exposing data...



