Astroinformatics - The New Paradigma
of Astronomy in the Epoch of
Petabyte-Scaled Archives

Petr Skoda

Astronomical Institute of the Academy of Sciences
Ondrejov
Czech Republic

Institute of Astronomy, Wroclaw Univerzity
17-th january 2011



Credits

* The presentation is based on many different
sources — mainly the on-line published slides
from IVOA meetings, slides from
Astroinformatics 2010 workshop or pictures
found on Internet.

* We acknowledge namely materials of E.
Solano, D. De Young, F. LePetit, B.Hanish,
G. Djorgovski, O. Laurino, L. Fortson, M.
Graham, G. Longo, R. D'Abrusco, T.Hey and
many others



Outline of the Talk

* VO — the hidden revolution in astronomy

» Data Avalanche in astronomy

e History of VO

» Basic principles of technology

* VO Tools

 Theory in VO

* VO Science

VO and Society

* Astroinformatics (Citizen Science, 4" Paradigm)




VO - The Hidden Revolution

VO Is the radical change of the paradigma of
the work of the scientists — effectiveness !!!

Everyday guestion (what, where, format, units)
Scientists are conservative (don't like change)

* The fear of buzzword VO (multispec, large scale)

Computer literacy — obligatory (part of job)
Evanthia Hatsiminaoglou — cartoon !
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Analogy between VO and WWW

Linking HYPERTEXT/DATA among servers
Synergy effect of GLOBAL NET (Gopher,WAIS)
Powerfull SEARCH (VERONICA — GOOGLE)

DISTRIBUTED but CENTRAL Steering
Organisation (W3C/IVOA)

Recommendations =, Obligatory” Standards
Astronomers In forefront of development
Scepticism (usefullness for my field ??7?)

Steep Growth — average user can use It without
knowledge of principles (effectivity, habits)



Data Avalanche




Large Scale Data

Huge surveys:100 million sources at < 3000 sources per night [1 >
100 years to identify them

Huge data collections: download and data analysis on desktop
problematic/impossible.

Example: downloading Sloan Digital Sky Survey (SDSS) DR6
data:

- images (10 Terabytes) [l ~ 3 months at 10 Mbps

- catalogues (2 Terabytes) [1 ~ 3 weeks

- on DVDs [1 ~ 2,100 of them

And data analysis?? (similar size for MACHO, 2MASS etc)

P.Padovani - VO School 2009



CD Sea

600 000 CD = 372 TB (CD 650MB) B_ruc_e Monro
600 000 DVD = 2.5 PB (DVD=4.5GB) Kilmington UK



LSST (8.4m)

200 CCD 4kx4k,

32 channels (6400)
3.2 Gpix every 20 sec
64cm diameter

3.5 deg FOV

30 TB/night

2 TFLOPS

detection of changes
within 60sec




A huge SN remnant: Sh

2-147

Credit: A Ziljstra, ) Irwin

(NB: created with
Montage)
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Data Avalanche

Moore law for chips —doubling 1.5 year

Data in astronomy — doubling < 1 yr ! @ooor0yr

1E+12 _NI..I"IbEI"Sd"

night r
1E+10
1E+08 J
1E+06 //
10000 HK//
100 - #/
1500 1600 1700 1800 1900 2000

Year

T,< 18 mths
1990-2000



A paradigm shift
Federated
all-sky surveys
Large _—
surveys
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New techniques designed
to tackle this data deluge
are necessary.
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D'Abrusco 2010




A growing parameter space

Flux

Morphology

Wavelength

, Polarization
Proper _--~
motion

Redshift

Most discoveries were made in small regions
of subspaces or along some of these axes

D'Abrusco 2010




GAIA (2012)
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History of VO

Success of IUE/HST archives
Idea of the VO - end 2000
Federation of archives (MAST, NED)

- unified IF, data format for transport

Huge data — distributed processing

GRID - started in HEP (accelerator science)

Multispectral research : radio---gamma
- Virtual Universe (UK), AstroVirTel (ESO)

Data for SDSS, SIMBAD, NED — key research



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
fzamedwork for publishing and delivering services using
their data”.

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

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

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



VO Paradigma

« METADATA (name of column), ontologies (name)
* Unique format (VOTable — e.g Vizier)
 Transparent search, download, conversion

* Query for data — processing done on servers

* Federation of astronomical archives (protocols)

* Unifled presentation — automatic units conversion
(A,MeV,MHz->nm), Wm”-2s”*-1 - Jy)

» Background computing on GRIDS
* Multiwavelength approach (SED)



Ontologies in Astronomy
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VOTable

<TABLE name="SpectroLog">
<FIELD name="Target" ucd="meta.id" datatype="char" arraysize="30*"/>
<FIELD name="Instr" ucd="instr.setup" datatype="char" arraysize="5*"/>
<FIELD name="Dur" ucd="time.expo" datatype="int" width="5" unit="s"/>
<FIELD name="Spectrum" ucd="meta.ref.url" datatype="float" arraysize="*"
unit="mMW/m2/nm" type="location">
<DESCRIPTION>Spectrum absolutely calibrated</DESCRIPTION>
<LINK type="location"
href="http://ivoa.spectr/server?obsno="/>
</FIELD>
<DATA><TABLEDATA>
<TR><TD>NGC6543</TD><TD>SWS06</TD><TD>2028</TD><TD>01301903</
TD></TR>
<TR><TD>NGC6543</TD><TD>SWS07</TD><TD>2544</TD><TD>01302004</
TD></TR>
</TABLEDATA></DATA>
</TABLE>

Serialization (metadata first, end of data unknown, tree structure)



Architecture of VO

% Discover Compute Publish Cullabnrateﬁ 2

Portals, User Interfaces, Tools

Virtual
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Architecture
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Technology of VO

Unified data format— VOTable, UCD (Vizier)
Transparent transport (SOAP , REST youtue)

Web SerV|CeS (WS) e-commerce, B2B, J2EE, .Net
VOregistry (DNS like) Google for data+W$S

protocols (CGl)

- ConeSearch (searching in circle on sky)

- SIAP (Simple Image Access Protocol)

- SSAP(Simple Spectral Access Protocol)

- SLAP(Simple Line Access Protocol)

- TAP (Table Access Protocol)

- VOEVENT (transients, robotic telescopes,Sun)



VO Registry -

Lo HEROS OND CUTOUT: Resource Record Summary - Iceweasel
Soubor Upravy Zobrazit Historie Zalozky MNéstroje Mapovéda

G} V http:/fnvo. steci. edufvorl0fgetRecord. aspx?id=ivo: (fasu.cas. czfstelfheros/cutout ¥ vo registry vorll

Nejna\.-'été\.-'o\.-'an...v P Getting Started |:|Latest Headlines¥ = ELIAY, a.s. - Armycz

T WOSpec_0ct2007.png (PNG obra... 3 V HEROS OND CUTOUT Resource ... 3¢

_ m NVO Registry
NVQ \ S '

Tip: Whats & "Resource™?

Hosted By

Fesource Record Summary

Catalog Service:
cutout server of HEROS archive of Ondrejov observations

Short name: HEROS OHND CUTOUT Status: active
IVOA Identifier: ivo:llasu.cas cz/stellheros/cutout Registered: 2008 Oct 24 21:13:082
Publisher: Stelar Department of Astronomical Institute of the Academy of Sciences of the Czech Republic [+ /Pub. iDy

Get XML

More Info: http://stelweb asu.cas czlvo-archives'heros

Description

Thiz is the cutout server for the content of HEROS archive. Using the parametr BAND=I1I2 prepares on the fly spectra extended only over given range of wavelengths. This archive contains about 6000
high resolution (R=20000) echelle spectra obtained by the HEROS spectrograph installed &t the 2m telescope of the Ondrejov observatory since August 2000 to March 2003. The spectra exposed
simultaneously in two channels (red 580-840nm, blue 370-560nm) were reduced by MIDAS HEROS pipeline ncluding the merging of echelle orders, heliocentric correction and rebinning to steps of 0.1A. The

intensities are in instrumental flux {not normalized).

More About this Resource
# About the Resource Providers

section describes who is responsible for

# Status of This Resource

seclion provides some status information: the resource version nt dates.

# What This Resource is About

section describes what the resource is, what it contains, and how it might be rele

Available Service Interfaces
¥ Simple Spectral Access

i5 & standa service for searches for spectra from this resource that were observed within a specified region of the sky.

Developed with the support of the National Science Foundation Memnber

under Cooperative Agreement AST0122449 with the Johns Hopkins University = -}\q
The MVO is a member of the International Virtual Cbservatory Aliance ( ==

This MVO Application is hosted by the Space Telescope Science Instiute




VO Registry - XML

(a]
Soubor Uprawy Zobrazit Historie Z&lozky Néstroje N&povéda

@| |file:/ffhome/skoda/VO-brno2009/RegistryMetadata. xml A V wvo registry vorlo
Nejna\.rété\.ro\.fan...v # Getting Started |:|Latest Headlines* ¥ ELIAV, a.5. - Armycz

T WOSpec_Oct2007.png (PNG obra... 3 | [@] file:/fhome/sko.  tryMetadata.xml 3

Tento XML soubor nemé pfipojeny 2adné informace o vzhledu prvki. Strom XML dokumentu je zobrazen nize.

— <ri:Resource status="active" updated="2008-10-24T21:27:247" created="2008-10-24T21:13:08Z" xsi: type="vs:CatalogService"=>
—<title>
cutout server of HEROS archive of Ondrejov observations
=[title>
<shortName>HEROS OND CUTOUT</shortName>
<identifier=ivo:j/asu.cas.cz/stel/heros/cutout</identifier=
— < curation>
— < publisher ivo-id="ivo://asil.cas.cz/stel" =
Stelar Department of Astronomical Institute of the Academy of Sciences of the Czech Republic
</publisher=
—=<contact>
<name>Petr Skoda</name=
< address>Fricova 258, 261 65 Ondrejov, Czech Republic</address=
= email=skoda@sunstel.asu.cas.cz</email=
</contact>
</curation=
—<content>
<subject>echelle spectra archive cutout service</subject>
— <description=>
This is the cutout server for the content of HEROS archive, Using the parametr BAND=11/12 prepares on the fly spectra extended only over given range of
wavelengths. This archive contains about 8000 high resclution (R=20000) echelle spectra obtained by the HERCS spectrograph installed at the 2m
telescope of the Ondrejov chservatory since August 2000 to March 2003. The spectra exposed simultaneously in two channels (red 580-840nm, blue
370-5680nm) were reduced by MIDAS HEROS pipeline ncluding the merging of echelle orders, heliocentric correction and rebinning to steps of 0.14A The
intensities are in instrumental flux (not normalized).
=</description=
<referenceURL> http://stelweb.asu.cas.czfvo-archives/heros< jreference URL>
<type=Transformation</type=
— <relationship=
<relationshipType=>service-for</relationshipType>
— =<relatedResource ivo-id="ivo:/fasu.cas.cz/stel/heros" =
HERCS archive of Ondrejov chservations
=/relatedResource>
</relationship=
</content>
— < capability xsi: type="ssa:ProtoSpectralfccess" standardID="ivo://ivoa.net/std/SSA" >
— <interface xsi:type="vs:FParamHTTP"=
— <accessURL use="hase">
http:/fstelweb.asu.cas.czfvo-archives/heros/heros.cgi?c=ssac&amp:amp:amp:n=ssa
</accessURL>
=/interface>
<dataSource="Pointed</dataSource=
<creationType=>cutout</creationType>
=maxSearchRadius/>
<maxRecords/>

Hotova




Technology of VO

ADQL (Astronomical Data Query Language)
XMATCH, REGION (2 catalogues - shifted)

Application interoperabilty — PLASTIC, SAMP

- Allows develop applications as bricks
- sending VOTABLES (catalogue-spectra-images)

Commercial interest (GoogleSky, MS WWT)
Planetariums, Outreach (Stellarium)



Workflows - Astrogrid

Running remote services — e.g. Sextractor, CASJobs, AstroNeural MLP....

= ~— submit workfip

save, load workflow

Workflow client library




Building a query
AstroGrid Query Builder

SD55 Data Release 3 (AstroGrid D54)
i 4|0
Chooser || “Tiee I Adglis | Adqlix 1| SDSS Data Release 3 (AstriGrid DSA)

Query
Parameter

Select s all prirmary and second akjects in the S EE ) e

ltems a.ra, a.dec, au, a.g, bisll table 10 4 view SpecZStatus
XML a.r, ali, az, aerr_u ! .

e ol Ehlly Bha, ELEILE, SpecsWarning
A.Brr_d, a.err_r, a.err_i, TiMask

Security A.Brr_z, a.twpe ==
FhotoQbj as a e
TilingBoundan

fhere
And Marme UCD | Units | Type | Description TilingMask
U

ara Between 242.0 4nd 2436 SJU-TEEE M| w TiledTarget
a.dec Between 54.1 And 551 i :g_ Iﬁin.ktu the ... SpecObj
_. ninter to p. .. -
PhotoFamil
shecObjlD |ID_ Painter 1o 1. Lo Dh'h
PH... |mag Shorthand .. 0 D_ 1
PH... Imag shorthand .. PhotoPrimary
PH... |mag Sharthand ... PhotoSecondary
FH... |maaq Sharthand ... SpeclLine
SpecPhoto

: T Gal
Insert 5 references into "ltems” _ FITY

Errorin mao...

-

Column References

Error in koo

Diagnostics







Simple Spectra Access Protocol
Spectral Data Model

Simple Spectral Access Protocol V1.04

Intemartional
|_.I‘|'_r fi _-J:\._I
Obsenarorny

Alliance

Simple Spectral Access Protocol

Version 1.04
IVOA Recommendation Feb 01, 2008

This version: : . .
hftofwvww ivoa netDocymenis REC/D ALISSA-20080201 him This version {Recommendation Rev 1)
Latest version:

s/SSA hi

Previous version(s): Latest version:
Version 1.03, December 2007
rsion 1.02, September 2007 ¥ %
rsion 1.01, June 2007 pl"E".I'IDlIS VErsns:
rsion 1.00, May 2007
rsion 0.97, November 2006
&, September 2006
on 0.95 May 2008 =
sion 0.91 October 2005 Editors:

.., Version 0.90 May 2005 Janathan McDowell, Doug Tody

Editors: 7
D.Tody, M. Dolensky Contributors:

Authors: Jonathan McDowell, Doug Tody, Tamas Budavari, Markus Dolensky, Inga Kamp, Kelly

D.Tedy, M. Dolensky, J. McDowell, F. Bonnarel, T.Budavari, 1. Busko, A. Miccl, P.Osuna, J. Salgade, =
P.Skoda, R Thompson, F.Valdes, and the data access layer working group. McCusker, Pavlos Protopapas, Arnold Rots, Randy Thompson, Frank Valdes, Petr Skoda, and

the IVOA Data Access Layer and Data Model Working Groups.




SSAP Parameters

4.1.1 Mandatory Query Parameters
The following parameters must be implemented by a compliant service:
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[R=c | dowsle |
[R=C | double |
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Universal Worker Service

RESTfull (PUT/GET/POST/DELETE)

Hjobs}

Hjobs}(job-id)

Hjobs} (job-id)/
executionduration

Hjobs}/(job-id)/results

[{jobsH(job-id)/parameters

HjobsH (job-id)/owner

Description
the Job List

aJob

the Phase of job (job-id)

the maximum execution
duration of (job-id)

the destruction instant for (job-
id)

any error message associated
with (job-id)

the Quote tor (job-id)

any parameters for the job (job-

id)

any parameters for the job (job-

id)

the owner of the job (job-id)

Representation

the <jobs= element in the UWS
schema

the <job= element in the UWS
schema

one of the fixed strings
Integer number of seconds

std:iso8601

any representation appropriate
to the implementing service

Integer number of seconds

the <results= element in the
UWS schema

the <parameters= element in
the UWS schema

an mprnpn ate identifier as




VO-enabled tools
Aladin
VOPIot
TOPCAT
VOSpec
SpecView
SPLAT
ViSIVO (HPC simulations, cosmology)
VOSED
BASTI

SExtractor — WESIX (Web Enabled Source Identification with
Cross Matching)

Period04 (since 18.9.08) - PLASTIC



AstroGRID VODesktop

VODesktop Overview
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SPLAT-VO (Starlink, JAC)

ile Analysis Edit Options Graphics Help
BB e @ ¥R

Displaying: | —— D:\SPEFOY{LA280060.RUI Y limits ¢: | automatic « [\~ hair
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SpecView (STScl)

» /homefskoda/2Zm-ARCHIVES/CCD700.REDfhc/qel80020.fit
File Standards Display Coplot Preferences Help

xoaxis Y oaxis
WaN ELEMCTH ﬂ FLIL ﬂ 4190 .3286 7300 3853

Grid on ﬂ |ﬁuto T| @

Wavalength (Angstrom)




<} Spectrum Services for the VO - Microsoft Internet Explorer =10] x|
O Back ~ () ~ [x] 2] . | Search Favorites £ | v ih (W] - i Eile Edit View Favorites Tools | @f

Address “El http:jvoservices.net/spectrum/search_list.aspx?search=conefview=graph&page=o j a Go

login  register

NV T — -
>

Search Results

Found 12 objects. Displaying from 1 to 3 List mode Image mode First Prev MNext Last

[ 1.25DSS 1115944 85+000000.00 [T 2. s5DSS .1120008.29+016000.00 [T 3.35DSS 1115923 20+000000.00

ivoujhulsdss/dr42#80443 408212033538 | . ivor/fjhu/sdss/dr4£#80443 408282385184 | ivorjhu/sdss/dr4280443407853808204 |
ivooisdssidrd/spe 44340821 20232538 ivosdssidrd/spe 443408 2682385184 ivofsdssidrd/specii 044340 7EE3208204
class: Galaxy , £2=0.1009 class: Galaxy , £ =0.0000 class: Galaxy , £Z=045817

ra = 172938874 , dec=0.241241 ra = 180.0234581 , dec= 1.149855 ra = 172842187 , dec= 0984758

12 70 &

10 &0 4

5 50
40
30
20
10

o

select All | ciear Al | yhat do you want to do with the results? |DDWH|DEd data
iDownload data
Save to MySpectra
Flot on a graph
Calculate composite
Calculate synthetic magnitudes

Fit continuum & lines
| Finish == |




VOspec (ESAC)

VOSPEC ...

i sl LI
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nstration prototype v1.0
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a0 Aladin v5.0
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Aalto &
Hiittemeister(2000)

 Convert to velocity (LSR, radio convention)
 Cutouts, simple squashes - VO tools?
« Smoothed spectra, moments with noise cut-off

» Specialised server-side pipeline controlled via UWS



Other VOs

Virtual Solar Observatory
Virtual Solar-Terrestrial Observatory

Virtual Magnetospheric Observatory
Virtual Space Physics Observatory
Virtual Meteor Observatory — not proper - XML

SKYBOT — Minor planets ephemerides (sao-2019)
Interest of climatology, meteorology

New branch of Science = e-Science



Theory VO (TVO)

Methods of VO (parameters in DB, SQL...) for
study of results of simulations , catalogues of
simulated objects like SDSS...(PCA)

Browsing of simulation space along different
axes — parameters, regions...

Evolutionary tracks, Photo Dissociation
Regions

—ormation of artificial galaxies, clusters — N
nody models (Millenium Run 10 billions, 25TB)

heoretical Spectra (GAVO — Rauch, GRID)




CIELO VO - line catalogue
SLAP

RN IR

SLAP Viewer Copyright ESAL, Spain

VOSPEC ..........

Norm Target [Crab Ra [83.6332083 | Dec [+22.0144722

Simple Line Access
YOSpec Spectra Viewer
Wave Unit  Log Scale

micran - | ¥
Flux Unit

RedShift |0.00
7]

Wavelength Start Wavelength End
Graphic Mode

B roints |-

M |roints -

Cache Unzoom Display Reset Save Image

Wrapper Creator — HowTo - About




VO for Atomic and Molecular Data

VAMDC (06/2009-12/2012 FP7)
13 organizations
Virtual Atomic and Molecular Data Centre

VO principles (web services, integration, registry,
SAMP, VODesktop, TOPCAT, VOSpec)

(includes VALD extractor, NIST)
extended citation system (all providers acknowledged)



Access protocols in VO: TSAP

Theoretical models in the VO

@ Theoretical spectra: TSAP

e Included in the SSAP standard (use case for theoretical
spectra)

@ A simple protocol.

e Dialog server-application.

Theoretical model services Documents Models Services

Funded by
TSAP interface

An interface to test TSAP services

IHNTA
&

Services: VOSA Filters S3if esmi@laeff.inta.es Uploads LogOut

TSAP Interface

SVO Theoretical Data Access Service: ATLAS9 Kurucz ODFNEW/NOVER models (Castelli et al., 1997, AA, 318, 841)

teff_min: 3500 | (min value for the effective temperature for the model. Temperatures are given in K)
teff_max: 3500 | (max value for the effective temperature for the model. Temperatures are given in K)
logg_min: 00 = | (min value for Log{G) for the model.)

logg_max: o000 + (max value for Log(G) for the model.)

meta_min: |25 -~ (min value for the Metallicity for the model.)

meta_max: |250 »| (max value for the Metallicity for the model.)

Search

See metadata VOtable




VOSpec - models by TSAP

B sc

Query by Service

Query by params
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TARGET.NAME p cyg
¢ Simple Query
POS 304.44667416667,35.03
SIZEO.1
o Advanced Query Imterop Help
§ Service Spec Query
PGos3: Evolutionary synthesis models s
) ¥ .a < | L
¥ Theorstical Spectra Sarvices PGos3: X-ray service prototype | 'f}-}: % C\ '-x _G}
v | PGos3: Evolutionary synthesis models PGos3:WO-Mexico Model:Sternberg
PGos3:V0-Mexico Model:UCL st |HD 141583) Ra [37.43082042| Dee |332121111] Size |04 Quer
H = i H L -3 . . ery
¥| PGos3: X-ray service prototype o 5V0: ATLASS Kurucz ODFNEW/NOVER ma
¥| PGos3:YO-Mexico Model:5termberg o= 5v0: Coelho Synthetic stellar library
o= 3V Models of irradiated accretion disks 4 .
v| PGos3:VD-Mexico Model:UCL o 5V0: PopStar evolutionary synthesis mads . ‘.‘I’OSPEC Epetl:tral ﬂ:nalysm To':.'ulI . .
V] 5V0: ATLASY Kurucz ODFNEW /NOVER models (Castelli et al.) 6= TMAP S5A service ot .
VO-Paris: PEGASE .HR synthetic spectra
v| 5V 0: Coelho Synthetic stellar library 08 |
¥| 5V0: Models of irradiated accretion disks around PMS stars (D" Alel _ i
T -0 | 15
¥| 5V0: PopStar evolutionary synthesis model I'
¥ | THAP 55A service -1z L I
v | YO-Paris: PEGASE.HR synthetic spectra - ”
1] I 3 i
Query Outlook 1 | [ 3
Add SSATSA locally TEer Faram vEluE | | | | | | |
" a.0 1=00 50 1e01 50 1e02 a.0
= - Wiavelength {micran;lagarithimicy
n Ao
¥
/,-\-i-/ *| L@ ¥ ¥ ¥ "‘"‘-i L
o - H w
Guery Reset —— o ol ) ol X ] o ) o X o )

Ml |roints | |[¥ v -
. Points - | [ ¢ SWO: Models of irradiated accretion disks around PMS stars (D' Alessio et al) E

nssio model of PMS -
Of HD 141569 Retrieve Reset



Archives, [heory, VO-Science, DataMining, E&O

Simple Spectral Access Protocol V1.04

Appendix A: Theoretical Spectral Access Use Case

|£]| Server Selector

$esa
Query by Service 4

Wirtual Observatory iNTA
,

Flux Unit

ynthetic stallar library . RedShift m‘ I:l

s of irradiated acc isk retig
g : I Graphic Mode
D VO -Paris: P - 4 { WD . D =
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m o
Query Outlook id of t . D
B e (2]
u 0
grid of 1| M |:|
u 0
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. | view |
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SCIENCE

VOSpec working example: Sampling AGBs

¥ v W  He2-113

VOsPEC Cesa VOsPeEc Cesa VOsPEC Cesa VOsSPEC Gesa
_-H._‘_H-‘- 1 = _\-_\_"_‘-—;1 - A . - -_.--’L_-‘ﬂ - ._\_\“1
_fl Gamma Cru : - . ; “",-' theta Aps . - a RCen . - y Beta UMi =
- ] - L]

L

- e T - | SS Vir
&/  DeltaVir = ' HD 100764 ssw | R CRT « = g




G M/O German Astrophysical Virtual Observatory.

VIRTUAL OBSERVATORY

TMAP

More information on archive
Spectra

Archive:

Effective temperature
in K

Surface gravity (log g)
in cmfs2:

Mass fraction O: 0.0 +- 03 dex
Mass fraction 1: 0.0 +- 03 dex
Mass fraction 2: 0.0 +- 03 dex
Mass fraction 3: 0.0 +-03 dex
Mass fraction 4: 0.0 +-03 dex
Mass fraction 5: 0.0 +- 03 dex
Mass fraction &: 0.0 +- 03 dex

120000 +/- 1000

6 +- 1

Mass fraction 7: 0.0 +- 03 dex

Band: f m ~ The wavelength range in format "wavelength1/wavelengthz” in the selected unit.

Data format: all ~  Format of the individual spectra. (No need to select, if return format is html.)

) votable The format in which to present the metadata_ (If html is selected, no further selection of data format is necessary,

T oL & html since links to all available formats will be created anyways.)

» PGos3 (IVexico), PEGASE (VO-Paris)




SED from photometry

U B V R 0 h Ks 3.6um 4.5um 5.8 pum
zphot = 2.52
Age = 500 Myr

Stellar mass = 9.9e10° M

Reduced chi-sg = 1.04
SER current =0 79 N__yIF

17.1.2011 Paresh Prema, IoA, Cambridge, UK. IAU At 52



BaSTI database

Micro-simulations inside the VO: SWPOSEY
the BaSTI case €

P. Manzato™), M. Molinaro®), F. Gasparo™, F. Pasian™, A. Pietrinferni®®), 5. Cassisi (%, C. Rodrigo™® , M. Cerviiio™¥, E. Solano #
INAF - 51/ Trieste Astromomical Observatory; (2) INAF — Teramo Astronomical Observatory; (3) LAEFF-INTA / Spanich VIO; (4) Instituto de Astrofisica de Andalucia — CSIC / Spanish VO

S3P (Simple Self-Described Service Protocol) implementations

In collaboration with SYO (the Spanish Virtual Observatory) we presented S3F in the = Nlth 18 s Fmien waryh, - Wisskowrs aiprmed | splater

last IVOA Interoperability Meeting. 53F (Simple, Self-described Service) is a profocol A=y o

oriented to handle theoretical data in the VO framework. It is based in the ahility of the

data server io describe itself in a simple standardized way.

This is a step by step protocol:

1 step: the service described it s2lf (input and output parameters); ’
hitpfmyservice.comvs3. php#lormat=mefadata am-:::.: e

2 step: hitp query and response in VOTable format; P
http-dmysendce.comys3 php7param1=value 1&paramZ=vale? ..

3 step: retrieve the simulated files of interest via http GET,;

hitp#myservice.comys3 php?id=12

ENFLT vt _main

FNIFL T owwera_maan
TP T mpe
LTI T msraa
QUTPUT-fMNT
We developed two prototype implementations of S3P for BaSTl: one for isochrones | 2077 7#FeH
and cne for tracks: AETPUT:Marlan
hittp-/falbione oe-teramo inaf iPHPmetadata/BaSTlisochron php format=metadata OUTPLT:risle

hittp-/falbione.oa-teramo.inaf PHPmetadata/BasTlirack phpPformat=metadata

OUTPLT:F




'BaSTI Isochrones

step 1

BaSTI isochrones
» different ages

e various metallicities

1 * distance modulus correction

n: 03 nd4d 05 N A¥ nps 0@ 18 11 12 13 14 184 18 17 18

Z = 0.01 (x-enh) ; 0.008 (scaled solar)

'_—/J—_L-—-' I'.'I I:I/ M.Mealinaro - IVOA Interoperability Meeting

A IDA TR o (T (L s Garﬂhiﬂg 9-12/11/2009




Archives, [heory, VO-Science, DataMining, E&O

VOSA: VO Sed Analizer

Services: ° . Filters TSAP S3if

Y

F, {ergfem isiA)

7

F, lergfem Veld)

ED anal

LOrigel
kurucz . Teff:dioh, Logh=3.50, Meta=0.00

———_

™

T
Ay
LOrioes
kurucz, Teff :doon, Logh=3.50, Meta=0.00

Astronomy & Astrophysics manuscript no. Synth"VO'PR1 ref format
August 2, 2008

VOSA: Virtual Observatory SED Analyzer.

An application to the Collinder 69 open cluster

A. Bayo'?, C. Rodrigo!?, D. Barrado y Navascués'?, E. Solano!2, R. Gutiérrez"-2, M.

[y,

© edge-on disk
O pPrev. non-members
A Degenerated fit

*FIEM L dwarf

ogIL/Lsun)

Li




N Body Simulations of Globular
Cluster Evolution

NGC104

22



Stellar populations are modeled with synthesis models

the IMF

stellar
spectra

(Available as Theoretical Simple Access Protocol server :http://ov.inaocep.mx)



Using SImDB/SImDAP

@Me r

DB Query || Query Results || Experiment || Snapshot || Description
Select Input Parameters

Galaxy #1|Galaxy #2

gE0 - Orbit type| 1~
ggg Spin| Prograde  ~

1gSd ~ Inclination| Odeg -
@ Cosmological simulations

e Prototypes for GalMER, Horizon
@ PDR simulations

e test implementation of Meudon PDR code
@ Isochrones/evolutionary tracks

e BaTSl|
@ Visualization tools

e VislVO

“Virgo - Milllenr‘;i,um 'Data.b.;éé O A

Check out the latest news about the release of the Millennium-li database.

queries return unlimited number of rows in CSV format and are cancellad afier 30 second:

3
Browser queries return maximum of 1000 rows in HTML format and are cancelled after 30 seconds.

GADGET-2: Galaxies with dark matter and gas interact

Databas:

A code for cosmological simulations of structure formation
-
# millimil (context)

| Query (stream)
Query (browser) |
Help

Maximum number of rows to return to the query form: 10 -




Millenium Run

10710 particles
Several Gpc to

10 kpc

Cube 2 billion ly
One month MPSSC
25 TB

Evolution of 20 mil
galaxies

Evolution merger tree




Collimated Outflows from AGN

.
Cuasar 3CT75

YILA Gom imade (o) NEAD 1298

® 3C 175

60



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
.
%-ihg" . v
- J_ﬁ__( .
") e IG-CMB
- b
, Wy f | SSC &
- :
. Compare with

Chandra Chandra Archives

62



Three Dimensional MHD
Calculations

e B =3000

¢t

63



Relic Radio Bubbles in Galaxy

®* N1275

Compare
with

Chandra
Archives

Clusters

Dec

41:33:00

41:31:00

41:30:00

41:29:00

3h20m00s 3h19m50s

Fabian et al. 2000

RA

3h19m40s

64



PDR VO-infrasctructure

Asinogrid
H?ﬂ:}” VO-Paris Data Cantng
. : -
A.‘Tﬂ servalory
Gﬂd Fars Sl sl

h@ e

Wirtual Observatory VO-Paris Datacentre




PDR database and clients

[ 1 PDR Database

Output Files

Code produces

* raw data : FITS File

» XML /VO-TABLE : meta-data
(name, description, units, UCD, ..))

Provide all quantities computed by the code
» observables

* theoretical quantities

PDR Analyser

* browse the computed quantities
» extraction (ASCII, VO-Table) '-.--\,.M ropcse

* SAMP
* Download data from VO-Space .

» Scriptable

| iy n = ]
Janathan Normand




PDR code via VODesktop

V0 Explarer - PR

i Resource Lises Coneents of POR - 3 resaurces.
F ol Examples

Content - Subject +| Coverage - Waveband | Resource Type

CEA LMK T LN KT CeaApplication
Wew Smartlist w nlfrared Dartase rvice
charmistry millirre 2r Organisation
mersiellar gas opica
Merstellar mattzr radic
aterstellar medium ¥
aterstellar molecules

rndals

Status |Flag... |Thk Capaibilmy Dke

n-_
Meudon PDR code 2007-04-11
VO-Pans = 2007-04-11

Al e Smart List

" {J Information | [] Table Metadata |

L. A0 | | Meudon PDR code Anmotate
[ Flag ™

» Execute Task A Hare Meudan POR code 0 ivauiabspm fepds
Tyoe CeaApplication Cratac 1998-01-01T0000:00 Updated 2007T-12-14 TOO:00:00 Highlight . 2

) About Conlant Typa OMEr Eubjecl PP :
Tha Meudon POR coda is a fool to model the physics and the chemistry of inerstellar gas at sationnary stete. Ibconsiders &
selection: Ceaspplication siationnary plan-parallel alab of gas and dust lluminamed by a UV radiation field and solves radiative ransfier, harmal balanca
ﬂ Eurther |I‘|[I:I and chemisry. s then possible 10 deduce column Sensities and emissivilies 1o compana o observalions. The exact physics in
tha oode |5 dascrbad on cur wabsite. Furher iInformation

L. Emall Curator

« This resourcs describes a Remate Application (CEA)
nledacos SIMpE
wesion 1.0 Dales represamative @ 2006-01-12 Monitoring sersice
—oalor A CRNS M kmawn providing

CrEREior laga ;
ﬂél Serices

-Paris Catacentrs




ISM platform

[ | Interstellar Medium Platform

Bring together expertise in modeling / simulation of the ISM

Provide theoretical services about ISM

Codes - Databases - Tools & services

SimDB JSimD AP
SEIVICES

Web Portal

Clhents for Online Codes Documentations

StarFormat MHO Shock DB MHD Shocks Chemistry

Radiafve

Tiarctor Turbulenca DUSTEM

VEIVD P CEAJUWS

—{ ]

Astogrid Registy

Y

Coomputing
Ressources




Complex join of TVO bricks

[ | Interstellar Medium Platform

STARFORMAT project (Pl: P. Hennebelle)

Density profile on a line of sight (3.5 pc)

MEII]DI"I PDH cm B ."'.':,'. ',, _-:.':.o'. .--'_'-'_:-::-.' " .-\-:.
Chemical & thermal structure Molecules excitations

DUSTEM
Grains emission / temperature

ASTRONET

. b = ] e " — oer
f IOl vatoire  LUTH I’wmtmm . i ST ial
| .@U'atqlre @ ' R onrn cenTRe ALLanEE "-‘ D servatory

Faris Data Centre




VO Science

* 31 (9) new obscured type 2 QSO (radovani 2004

e Brown dwarfs

(about 20 candidates)

* Brightest (WD?) Albus-1 (cabatero et al. 2008)

* Widest CPM binaries

* AGB to PNe - 100 new (200) with VO
 SED (Spectrum Energy Distribution)

* Bolometric magnitude

e VOEvVent —ro

notic telescopes (GRB, transits,)

e Outreach , Ec

ucation (MS WWT, GoogleSky)



BDs discovered using VO

z & J-only
detections with z- | > 2.75

> SDSS: 15M obj.
> 2MASS: 160M ob.

i,

Brown Dwarf Search Science
Standards Prototype: Real-Time Cross

Software & Services

puiications __ Mlatching of Large Catalogs
Prototypes

» 300000 objects in common.

Scientific Motivation The search for brown dwarfs
has been revolutionized by the latest deep sky
surveys. A key attribute to discovering brown dwarfs is

ABOUT NVO ‘ the federation of many surveys over different

wavelengths. Such matching of catalogs is currently

- . . . . Nl - el LE W =
What is the NvQ?  laborious and time consuming. This matching problem }*"‘ uf ..,:;i? J,,.} i 5’;;.;5“;: i .!".
Science Objectives IS generic to many areas of astrophysics. g ,‘;f _,}': L_": i _T.!-’i-;, p" o Wt ?,.r“'.;':
. : ‘_.:": :ﬁl ’i‘:‘lir;-.r'} r-i '*l?'ﬁ'

Data Resources kAL T ST e L8
L : . o Selaf Gl TSy 55
: ; : . Sloan Digital Sky Survey (SDSS) Early Data k¢ T LT o R L e
M Release (15 million objects) # E-_!";' T g R ‘-r'.._{‘ 1
International VO : . v LT A l: 3 P 5

T P " # i "

VOForum . 2-Micron All Sky Survey (2MASS) 2nd LN A ey e i Y T Y
Metadata (NCSA) ; : : Ll bl ol At B
UL EICEHY ) Incremental Point Source Catalog 51|ﬂ_rﬂ.rx, _ﬂfn_ ol LA R,
Other Links (162 million objects) - PSR SIS e
-L-"' . -F'P:-E."' 1‘ -."-._.: -_..- E .-Il
What the VO Brings Today, doing the matching of éﬁ*’f“-“ ~:'E' "u;f'_ar .af.f'p-:ré ’ ";

these two large datasets is user-intensive and is (ol Py IR Sk fﬁ'ﬁ“’:ﬂ; oY
Contact Us replicated by many different users. Also, the correlation i i“"a_"‘;" Al Ty ‘;i’h“ A o
Personnel of these two datasets can take years of CPU time if not AW, el e R AN A
done correctly. The NVO brings two key aspects fo T e

2MASS aD5s

Solano 2006
IAU GA, Prague, Aug 2006




Democratization of Science

Digital Divide
technological barrier, data access free, access to journals

International Council for Science CODATA

Committee on Data for Science and Technology — UNO ICS

CASPAR

Cultural, Artistic and Scientific knowledge for Preservation, Access and Retrieval
Digital curation centers

ADS and VO

links to ivo://, metadata, ontologies — semantic web

Archive importance:

5x IUE , 3x HST results from archives than Pl articles

Effectiveness

50% of published data appears in Journals, links to data automatic ?



Objections to VO

Data quality — garbage In - garbage out
How and whom to give credit ? (button)
embedded ivo:// data in ApJ

VO for dissemination only

- technology for OPTICON, nextgen

- Virtual science — VO technology

VO only for public data ! Proprietary ?
(data jealousy)

- local archive - available data marked



The Astronomer's Data Manifesto

at 26 IAU GA Prague SPS3

(a) All significant tables, images, and spectra published in journals
should appear inastronomical data centres.

(b) All data obtained with publicly-funded observatories should, after
appropriate pro-prietary periods, be placed in the public domain.

(c) In any new major astronomical construction project, the data
processing, storage,migration, and management requirements should
be built in at an early stage of the project plan, and costed along with
other parts of the project.

(d) Astronomers in all countries should have the same access to
astronomical data and information.

(e) Legacy astronomical data can be valuable, and high-priority legacy
data should be preserved and stored in digital form in the data
centres.

(f) The IAU should work with other international organisations to achieve
our common goals and learn from our colleagues in other fields. ”



Emergence of a Fourth Research Paradigm

—

=

Thousand years ago — Experimental Science
— Description of natural phenomena

Last few hundred years — Theoretical Science
— Newton’s Laws, Maxwell’s Equations...

Last few decades — Computational Science
—  Simulation of complex phenomena

Today — Data-Intensive Science
— Scientists overwhelmed with data sets

from many different sources

. Data captured by instruments

A Data generated by simulations

. Data generated by sensor networks

eScience is the set of tools and technologies

to support data federation and collaboration
- For analysis and data mining

= For data visualization and exploration

. For scholarly communication and dissemination

With thanks to Jim Gra

From T. Hey, Al2010



X-informatics

Changing methodology of
the Science

Synergy between different
worlds

Sociological aspects
(net-based research
communities)

The
FOURTH
PARADIGM

DATA-INTENSIVE SCIENTIFIC DISCOVERY

- Downloadable at Microsoft Research site




Experimental astronomy has become a three players game

* astronomy: problems, data, understanding of
the data structure and biases

* mathematics: evaluation of the data,
falsification/validation of theories/models, etc

* computer science: implementation of
infrastructures, databases, middleware,
scalable tools, etc

* Astroinformatics: AAS n. 215, Washington, December 2009, chairperson: K. Borne
» Astroinformatics 2010: Caltech (USA) June 16-19 2010;co-chairpersons: 5.G. Djorgovski, G. Longo
* Astroinformatics 2011: UNINA - Sorrento, co-chairpersons: S.G. Djorgovski, G. Longo

Longo 2010




Astroinformatics

Analogy — Bioinformatics (Genome analysis with GRIDS, ATB)
e-Science in Astronomy - using informatics (computer science)
4-th Paradigma of science (observation,experiment, modeling, knowledge)
Data mining, Knowledge discovery - VO-NEURAL, DAME
Clustering

Classification

Supervised learning (Neural Networks, SVM)

Examples

Photometric RedShift
- Searching for QSO
- Automatic Light curves classification (GAIA, LSST)
Very NEW — emerging discipline



The answer is Data mining .... matching Donald Rumsfeld’s
epistemology

There are known knowns, = Classification

Morphological classification

There are known unknowns, and i ealaxies
There are unknown unknowns Star/galaxy separation, etc,

Regression
Photometric redshifts

Donald Rumsfeld’s
about Iragi war
Clustering
Search for peculiar and rare

objects,
Etc.

“There are known knowns.
These are things we know that we know.
There are known unknowns.
That is to say, there are things that we know
we don't know.
But there are also unknown unknowns.
Longo 2010 There are things we don't know we don't
know."”




Need for a new science: Astroinformatics
Knowledge Discovery in Databases

Data Gathering (e.g., from sensor networks, telescopes...)

Data Farming:
Storage/Archiving Database
Indexing, Searchability technologies
Data Fusion, Interoperability, ontologies, etc.

L5 Data Mining (or Knowledge Discovery in Databases):

Pattern or correlation search

Clustering analysis, automated classification
Outlier / anomaly searches
Hyperdimensional visualization

Key mathematical
issues

> Data understanding
Computer aided understanding Ongoing research
KDD
Etc.

. New Knowledge




Astronomical 1. What is DM
Data mining

Data Mining is the activity of extracting USEFUL information from COMPLEX
data using Statistical Pattern Recognition and Machine Learning methods.

DM Taxonomy iy o

T-:::- catalogue the known

specialized (classification)

MLP
Supervised
Chara cterize the unknown
Unsug sed (clustering)

iteent Bayesian or
ilterin i
B not bayesian .. Fina functional dependencies

Forecasting . (re gressio ﬁ)
Classification

Find axceptions (outliers)

Exploration

Dimension
reduction

Su bpervised Metl'w od s LJI"‘IS Uupervised Meth ods

Patterns are learnt from extensive set of Patterns are discovered using the data

templates (Baae of Krwowledge = BDK) themselves

Longo 2009



Scientific Communities

“The co-authorship network of scientists represents a prototype of com-
plex evolving networks. In addition, it offers one of the most extensive
database to date on social networks.”@

MSDCim network of scientific collaborations”

“Social scientists have long recognized the importance of boundary-
spanning individuals in diffusing knowledge (Allen 1977; Tushman
1977), and recently, several papers have rigorously demonstrated that
technological knowledge diffuses primarily through social relations, not
through publications.”®

#Sorenson, and Singh, “Science, Social Networks and Spillovers”

From O. Laurino - Al2010



Motivations of a social networking IT platform for science

@ The importance of boundary-
spanning individuals in social net-
works might be what X-informatics is
all about;

we break scientific cligues and cre-
ate new, unexpected, effective links
across the science community’s net-
work;

an effective scientific social network
platform may be an effective step to-
wards seamless astronomy. Seam-
less not only in terms of data and ap-
plications access, but also in terms of
social interactions between people in
the scientific network.

Omar Laurino (INAF - OATS) Collaborative Astrolnformatics EE Astroinformatics2010 20/ 30




From enterprise to research

Integrated Collaborative Environment

l

Distributed Scientific Social Websites

Each institution could develop its website (e.g. OpenSocial);

@ institutions/developers could also provide interoperable web appli-
cations;

researchers could customize their Ul/preferred applications (cus-
tom portals!);

researchers social data would be accessed from the web:
social features (ranking, sharing, discussing, discovering);
@ collaborative software (e.g. Google Wave).
If the social communication is effective, applications can spread and

compete, new links can form in the network, and new collaborations

can start!
Omar Laurino (INAF - OATS) Collaborative Astrolnformatics E= Astroinformatics2010 30/30
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Navigation

Main Page

Charter The Meta Institute for Computational Astrophysics (MICA) is a professional scientific and educational,
non-profit organization based in virtual weorlds [WVWs] (currently in Second Life [SL], but with an intent
to expand its presence in other venues as the VWs evolve). The goals of MICA include:

Events
Research
Organization
People

Exploration, development and promotion of VWs and virtual rezality [VR] technologies for
professional research in astronomy and related fields.

Providing and developing novel social networking venues and mechanisms for scientific

How to Join collaboration and communications, including professional meetings, effective telepresence, etc.
MICA blog Use of VWs and VR technologies for education and public outreach.

Publications Exchange of ideas and joint efforts with other scientific disciplines in promoting these goals for
Links science and scholarship in general.

MICA is an experiment in the scholarly use of VWs technologies

o Currently ~ 50 professional members and > 100 affiliates

» Regular schedule of events: seminars, workshops, public lectures, etc.

Djorgovski




Virtual Worlds (2"? Life for Science)

| A partQ nds virtual contlneut:“

'."

_http:/www.seilands.org/ &
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L

Now migrating to the OpenSim-based
VWs, e.g., Intel’s ScienceSim

Djorgovski




Virtual Conferences

Virtual conferences at zero cost
Problem with time zones

Outreach, education

Professional seminars Collaboration meetmﬂs Public outreach
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(0.6, but these plots were

Nobel laureate
John Mather

From Djorgovski - Al2010



Immersive VR Experiments

Scientists

immersed 1n,
and
interacting
with,
32%; numerical

. simulations
of star

AstroSim experiment by A. Nakasone .
clusters




U-Science, Carbon Computing

emerged ~10 yrs ago using the web protocols
that were common at that time:

- web services, XML-based information exchange, registries,
distributed data access, distributed computing (Grid) =
machine-to-machine communication

IS now emerging from today’s web protocols:
- social networking, ubiquitous devices, user-centric
experiences, user-led activities, user-generated content, wikis,
blogs, mashups, tagging, annotation, ontologies (semantic
web), folksonomies, knowledge-sharing, user
recommendations = user-to-user communication

* The emergence of
- Anybody can participate in the science dlscovery process

* Anyone can annotate, tag, and label scientific results:
- scientists, students, and citizen scientists

From K. Borne Al2010
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Expert vs Non-expert Classifier

Astroinformatics 2010 June 18, 2010




Machine-Human Learning Cycle

Terabytes
pet day

Unusual events,
Unclassifiable objects,
Some routine data

77N
P

Machine

Classification

Citizen
Scientists

New classifications,
Cross checks,
Improved training data

Information,
Knowledge,
Understanding

Lucy Fortson Astroinformatics 2010 June 18, 2010




Citizen Science x Expert Science

Verified by human — training sets
Independent answers=estimate of error
Serendipitious discovery
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Knowledge Discovery in U-Science

| Primary task. Data reduction by
science team.
- -

Related to primary task. Results
funneled to specific researchers.

Serendipity. Currently rely on
forum moderators to filter.

Hanny van Arkel - Voorwerp Light echo of quasar?
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