VO: enabling science




Vision

® Archives and databases form a ‘digital sky’

® New possibilities via data discovery, efficient
data access and interoperability




Motivation: To enable
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® Data discovery
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Status - early opemtiows

® (Core standards established

® Jools and services operational
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On the hype-curve! :

3D Printing
BYOD
Complex-Event Processing
Social Analytics
Private Cloud Computing
Application Stores
Augmented Reality

expectations
Wireless Power

Hybrid Cloud Computing
HTMLS

Gamification
Big Data %
R ]

Crowdsourcing

Speech-to-Speech Translation ; Activity Streams

Silicon Anode Batteries NFC Payment

Natural-Language Question Answering _A
Internet of Thingi/A
Mcbile Robots
Autonomous Vehicles :%
3D Scanners

Automatic Content Recognition

Internet
v e

NFCQ Cloud Computing

O\ Mesh Networks: Sensor
Gesture Control

Volumetric and Holographic Displays/Z\
3D Bioprinting\
Quantum Computing A
Human Augmentation A

In-Memory AnalyticsQ
Text Analytics
Home Health Monitoring

Hosted Virtual Desktops
Virtual Worlds

Peak of
Inflated
Expectations

Technology
Trigger

Trough of
Disillusionment

time
Plateau will be reached in:

Olessthan2years O 2toSyears @ 5to 10 years

@ Audio Mining/Speech Analytics

In-Memory Database Management Systems

Machine-to-Machine Communication Services

(E Q Predictive Analytics

I Speech Recognition
T Consumer Telematics
Idea Management

Biometric Authentication Methods
onsumenzation

As of July 2012

Plateau of

Slope of Enlightenment Productivity

obsolete

A more than 10 years & before plateau



VO enabled tools

® Healthy variety of approaches

® Range of VO-enabled exiting tools to VO
dedicated tools
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Aladin

Aladin v7.0

Allsky opt ~Allsky IR “DSS *Simbad *NED *PPMX *2MASS

SDSS colored Chandra/Hubble/Spitzer X-ray/Visible/Infrared Image of M82

vl{, '\ FoV_bandpass_

&4 Chandra/Hubb
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0o Aladin v6.0
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Finding data with
Aladin:

XMM [PIC imhge : ; \ ¥ ‘ L /| £&5) RCB img
‘ e : ' 7 4%5% XMM EPIC Image

® A service can be found L TN R

% Simbad
@RCB img~1 C

and used by tools that P oliEe
access the registry T

Server selector

: g “atvo (Crov |[SERtmkor
Metadata describes R o scoveny o

Target. ... |3C 273 Grab coord

data properties e.g. e P —

Servers Mlmages MCatalogs ™ Spectra ” Detailed list... )

I OV VOo-Paris Southern ATlas SRC-J

Bj (IIIa-J/GG395) m‘

Palomar Atlas digitized at CAI-MAMA POSSE SIAP service

s R (l103a-E/Red-Plex-24) @ ‘
EADC Chandra Transmission Grating Catalog and Archive, Simple Image AcC NED

I ST-ECF Hubble Space Telescope Images |
|_DsS ez
‘\_ J » OMC: The INTEGRAL Optical Monitoring Camera “SkyBot

\ Hubble Space Telescope Spectra

3
I I I |ages Galaxy Evolution Explorer

Far Ultraviolet Spectroscopic Explorer (Simple Spectrum Data AcCCE =
e f
'I '@t’hers. ‘

Hopkins Ultrawviolet Telescope
ESO Spectrum Service
Far Ultraviolet Spectroscopic Explorer

Catalo gues vopkins Uleraviclet Telescope
Spectra

Press it to stop the processing =>

[ Reset ) ( Clear ) ( Help ) ( SUBMIT f\
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Table Access Tools

Table Access Protocol

@ X

[ Select Service

Resume Job
Available TAP Services
Registry: .h(tp://registry.euro-vo.org/services/RegistrySearch

Keywords: A
Match Fields: [V rtName  Title ¥ Subjects ¥ ID [V Publisher [ Description

\_/, Accept Resource Lists

A Short Name Title
2MASS Two Micron All Sky Survey (2MASS)
B (X . 2XMM XMM-Newton Serendipitous Source Catalogue (2XMM)
Meta |\/ot | |} g 6dF DR2 6dF Galaxy Survey Data Release 2
6dF DR3 6dF Galaxy Survey Data Release 3
AstroDAbis AstroDAbis Notation Service wd %
BASECOM The Nancay Cometary Database S:’:" oo :3( e
FIRST FIRST Survey Catalogue (03Aprl1 Version)
GAVO DC TAP GAVO Data Center TAP service
GLIMPSE GLIMPSE (Galactic Legacy Infrared Mid-Plane Survey Extraord
IRAS Infrared Astronomical Satellite Archive (IRAS) + SpecObjAll
J/A+A/S50/A120 Variability classification of CoRoT targets (Sarro+, 2013) % Tilinginfo
v —— — + QsoBunch
+ Ap7Mag
+ HoleType
[r]ivoa.ObsCore : - : :'l;z‘socs;:‘:::ms
] ”._‘ — TAP URL: + SiteDiagnostics
caom + TargPhotoObj
+ PubHistory
+ QsoConcordance
+ MaskType
+ ProfileDefs
+ Rosat
+ TiMask
+ ELRedShift
~ —j + SecTarget
Select What Where Plain Text Query Job Control + XCRedshift
+ ObjType
+] PhotoPrimary
+ History

xcatdb

Contents:

TAP Parameters

Actions Relationships:

Actions

N

TAPHandle =

R

c c

seleste

¢ =0 @

Services Jobs Form | ADQL Help

SDSS DR7 - Sloan Digital Sky Survey Data Release 7

1. Intro 2. Service 3. Columns 4. Table Joins 5. Criteria 6. Position Search

Output Columns: + =1tV Select Columns

tle

specObjID The first step of building your query is to add columns that will appear
mjd in the output.

ZErr

To add columns, select a single column, a group of columns, or a table
from the Contents to the left. Then click on the plus symbol () or
drag and drop the items into the Output Columns.

To remove any unwanted columns, select the columns and hit the
minus symbol (=) in the upper right.

You can rearrange the order of the Output Columns by either dragging
and dropping the columns within the box or by selecting the column(s)
and clicking on the up arrow () or the down arrow (\¥).

If you wish the output to be sorted, choose the column(s) you wish to
sort by, then click on the plus symbol (+) in the Sort Order box, or
drag and drop the items into the Sort Order box. You can set whether
each column is to be sorted in ascending or descending order by clicking
on ASC to the right of each column.

To continue to the next step, click the 4. Table Joins tab above.

Sort Order

Primary Key Datatype Description
false real Final Redshift




@& SDSS Query/ CasJobs

Help Tools Query History MyDB Import Groups Output Profile Queues S :l L

Context Table (optional) Task Name

l 5[
Semples | Recent || Ciear | and (G.petroMag r > 15.5 or G.petror50 r > 2)

B g ey and (G.petroMag r > 0 and G.g > 0 and G.r > 0 and G.i > 0)

=S phoheisk= o) onloss and ( (G.petroMag r - G.extinction r) < 19.2

7 R and (G.petroMag r - G.extinction r <

-~ also has the use ( (13.1 + (7/3)*(G.g - G.r) + 4 *(G.r - G.i) - 4 * (0,18 ) )
SXiECe me p e and ( (G.r - G.i - (G.g - G.r)/4 - 0.18) < 0.2 )

el and ( (G.r - G.i - (G.g - G.r)/4 - 0.18) > -0.2 ) )
Sy Do or ( (G.petroMag r - G.extinction r < 19.5)

and G.lnlB:-tp_r.> = and ( (Gor — Goi — (Gog — Gor)/4 — 0.18) p-
-- and the likelihooc (0.45 0 4*(G.g 5 G.r) ) )

and (G.flags & (dbq
--and it is detected

and (G.flags & ( dbo.fPhotoFlags('BLENDED') + dbo.fPhotoFlags('NODEBLEND') + d
--and, if it is blended, it is either a child or not deblended further ?7?

and (G.flags & (dbo.fPhotoFlags('EDGE') + dbo.fPhotoFlags('SATURATED'))) = 0
-- and it is not near a ccd edge or saturated, where measurements may be bad

and G.petroMag_i > 17.5 L—-—Lhe Cagj Dbs ceoe bl/(.t

-- and it is fainter than 17.5 in i-band

4
and (G.petroMag_r > 15.5 or G.petror50_r > 2)
and (G.petroMag_r > 0 and G.g > 0 and G.r > 0 and G.i > 0) V\/Ot l/(—St SDSS
and ( (G.petroMag_r - G.extinction_r) < 19.2
and (G.petroMag_r - G.extinction_r <
(13.1 + (7/3)*(G.g = G.r) + 4 *(G.r = G.i) - 4 * 0.18 ) )
and ( (G.r - G.1i - (G.g - G.r)/4 - 0.18) < 0.2 )
and ( (G.r - G.i - (G.g - G.r)/4 - 0.18) > -0.2 ) )
or ( (G.petroMag_r - G.extinction_r < 19.5)
and ( (G.r - G.1i - (G.g - G.r)/4 - 0.18) >
(0.45 - 4*(G.g - G.r) ) )
and ( (G.g - G.r) > (1.35 + 0.25 *(G.r - G.i) ) ) )
-- and many constraints on colors and mags are met to make it have
-- elliptical-type colors.



e0O0 Table Access Protocol (TAP) Query

¥ €| [3[X

'. Select Service Enter Query Resume Job ‘

- Table Metadata
Service: GAVO Data Center TAP service (65 tables)
Table: | verongsos.data ?] A table of quasars and ACNs due to Veron-Cetty and Veron ...

Columns:

Name DataType Indexed Unit Description UcD Utype
notradio char O =" if not detected in radio meta.note

name char Most common name of the object meta.id

raj2000 double W deg Right Ascension J2000 pos.eq.ra;meta.m...
dej2000 double M deg Declination J2000 pos.eq.dec;meta....
n_rah char O Position origin: O=optical, R=radio, A=appro... meta.note

|_z char = *=redshift from slitless spectroscopy meta.code.error

z float O Redshift src.redshift

sp char = Spectrum classification src.spType

n_vmag char '*' for photographic, 'R' for red Vmag meta.note

vmag float magnitude, V or other (see n_Vmag) phot.mag;em.opt.V
rz short Reference nf the redshift meta ref

-

M

Foreign Keys:

Flags

nullable
nullable
indexed nulla...
indexed nulla...
nullable
nullable
nullable
nullable
nullable
nullable
nullahle

Target Table Links Description

rService Capabilities

Query Language: | ADQL-2.0 %] Max Rows: 2000 (default) 3 Uploads: unavailable

~rADQL Text

1 Synchronous

SELECT TOI"
TOP 1000 *

*

FROM verongsos.data AS d FR

JOIN lsw.plates AS p ‘:(Off Vc.r

ON 1=CONTAINS(POINT('ICRS', d.rajz000, d.dejz000), J OI[' on

CIRCLE( 'ICRS', p.centeralpha, p.centerdelta, O[ 1

10 00

~W.pl
Conp

L
lsw 9Sos
)

y > >
Examples ( Clear )

ADQL/SQL query
of tables via
TOPCAT

Some services offer
joins between tables
and uploaded tables




Spectral Tools
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© tdge-on disk
[ prev. non-members

/ # T ST VO SED Anilyzer - TN Xxrield L dwarf

LOriee1 LOriee2
Kurucz, Teff:4000, LogG=3.50, Meta=0.00 NextCen, Teff:3800, LoghG=4.!

;
:
¥

2.0

] fornlied
F, (ergfem /s/A)
By (:‘.rg/(‘m:."f.",-\ )

aze 2300
Tesf (K

e Builds an SED with photometry gathered from
different VO services and compare them with
different grids of models to obtain physical
parameters (Teff, masses, ages, ...)



Programatic approaches

® Direct programming to access services

® Scripting languages in tools - allow
- transition from interactive to automated

V&



Interoperability
PN F- Ta [ JR—

Server selector
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© VO discovery tool
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Application / Version
(in alphabetical order)

Aladin
v7.015a (March 2011)

Datascope
v3.3 (April 2010)

Montage
Octet

g

Open SkyQuery
SkyView

Specview

2.15 (August 2011)

SPLAT
3.9.0 (May 2009)

TOPCAT/STILTS
3.9/2.4 (October 2011)

VisIVO
1.5.7.1 (May 2009)

VOConvert
1.0 (June 2006)

VODesktop
1.3.2 (February 2010)

VOEventNet

VOPIlot
1.7 (September 2011)

VOStat
1.1 (November 2008)

VOSA
2.2.0 (March 2011)

VOSED
2.0 (May 2011)

VOServices (Footprint, Spectrum,

Functionality

Search for Images:
Aladin, Datascope, SkyView,
VODesktop

Search for Spectra:
Aladin, Datascope, SPLAT,
Specview, VOServices, VOSpec

Search for Catalogues:
Aladin, Datascope, TOPCAT,
VODesktop

Image visualisation:
Aladin, SkyView

Spectra visualisation:
SPLAT, Specview, VOServices,
VOSpec

Catalogues visualisation:
Aladin, TOPCAT, VOPIot

Cross-correlation:
Aladin, Open SkyQuery, STILTS,
TOPCAT

Scatter, 3D plots and
histograms:
TOPCAT, VOPIlot

Statistics:
VOStat

Footprint Service:
Aladin, VOServices

Table format conversion:
TOPCAT, VOConvert

Filter curves:
VOServices

SED building:
VOSA, VOSED, VOSpec

Fixing WCS:
Aladin, WCSFixer

Other VO-compliant tools

DS9: Image visualiasation
GOSSIP: SED fitting
Mirage: Table visualisation

VirGO: Search for Images and
Spectra

Browse the Registries

EURO-VO Registry
NVO Registry
or use VODesktop

Manuals, Tutorials, How-tos

Aladin User manual
Datascope how to
Montage help

Open SkyQuery help
SkyView documentation
Specview examples
SPLAT documentation
STILTS documentation
TOPCAT documentation
VisIVO how to
VODesktop how to

VOSpec User manual




Published examples

Refereed Publications

The Hopkins Ultraviolet Telescope: The Final Archive
Dixon, William V.; Blair, William P.; Kruk, Jeffrey W.; Romelfanger, Mary L
To appear in Publications of the Astronomical Society of the Pacific 2013

Proper motions of young stars in Chamaeleon. |. A Virtual Observatory study of spectroscopically confirmi
members
Lopez Marti, B.; Jimenez Esteban, F.; Bayo, A.; Barrado, D.; Solano, E.; Rodrigo, C.

collated b)’ A&A 2013, 551, 46L
Eu r'OVO VAO Automated rapid follow-up of Swift gamma-ray burst alerts at 15 GHz with the AMI Large Array

: Staley, T. D.; Titterington, D. J.; Fender, R. P.; Swinbank, J. D.; van der Horst, A. J.; Rowlinson, A.;
and IVOA Scaife, A. M. M.; Grainge, K. J. B.; Pooley, G. G.

Monthly Notices of the Royal Astronomical Society 2014, 428, 3114

Newsletter

Precovery of near-Earth asteroids by a citizen-science project of the Spanish Virtual Observatory
E. Solano, C. Rodrigo, R. Pulido, B. Carry
Accepted in Astron. Nachr

The Millennium Run Observatory: first light

Overzier, R.; Lemson, G.; Angulo, R. E.; Bertin, E.; Blaizot, J.; Henriques, B. M. B.; Marleau, G.-D.;
White, S. D. M.

Monthly Notices of the Royal Astronomical Society 2013, 428, 778

Query driven visualization of astronomical catalogs
Buddelmeijer, Hugo; Valentijn, Edwin A.
Experimental Astronomy, Volume 35, Issue 1-2, pp. 283-300
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A&A 551, A46 (2013) Astronomy
DOI: 10.1051/0004-6361/201220128

©ES0 2013 Agétrophysics

Proper motions of young stars in Chamaeleon

I. A Virtual Observatory study of spectroscopically confirmed members*-**
B. Lopez Marti', F. Jimenez Esteban’->3, A. Bayo*, D. Barrado'~, E. Solano'?, and C. Rodrigo'*?

! Centro de Astrobiologia (INTA-CSIC), Departamento de Astrofisica, PO Box 78, 28261 Villanueva de la Cafiada, Madrid, Spain
e-mail: belen@cab.inta-csic.es
. Spanish Virtual Observatory, Spain A&A 551, A46 (2013)
* Saint Louis University, Madrid Campus, Division of Science and Engineering, Avenida del Valle 34, 28003 Madr
4 European Southern Observatory, Alonso de Cérdova 3107, Vitacura, Santiago, Chile
3 Calar Alto Observatory, Centro Astronémico Hispano-Alemdn, C/ Jestis Durb4n Remén 2-2, 04004 Almeria, Spa

Received 30 July 2012 / Accepted 10 December 2012

ABSTRACT

® “VO based methodology to
cross-match and analyse the
data”

Dec (j2000)

® multi-cone search +
constraints on pm errors,
e P O C h S 14h00m 12h00m 10h0O0m 8h00m

RA (J2000)

® Compilation of multi-A
photometry

TOPCAT, Aladin,VizieR,VOSA



Cha I members (good p)
Cha II members (good )
Cha [ members (dubious )
Cha II members (dubious )
1N Cha members

€ Cha members
« Background sources

~
5
o
o
<
=
'
o
=

1, cosd (mas/yr)

® |dentified different moving groups

® Distinguished Chamaeleon | and Il as two physical
entities - not related to foreground € Cha and | Cha
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MNRAS 428, 3114-3120 (2013) doi:10.1093/mnras/sts259

Automated rapid follow-up of Swift gamma-ray burst alerts at 15 GHz
with the AMI Large Array

T. D. Staley,'* D. J. Titterington,? R. P. Fender,' J. D. Swinbank,’
A. 1. van der Horst,> A. Rowlinson,? A. M. M. Scaife,! K. J. B. Grainge**
and G. G. Pooley?

! School of Physics & Astronomy, University of Southampton, Southampton SO17 1BJ

2 Astrophysics Group, Cavendish Laboratory, 19 J. J. Thomson Avenue, Cambridge CB3 OHE

3 Astronomical Institute Anton Pannekoek, Science Park 904, PO Box 94249, 1090 GE Amsterdam, the Netherlands
4 Kavli Institute for Cosmology Cambridge, Madingley Road, Cambridge CB3 0HA
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[ First obs. (C&F 2012)
First obs. (AMI)

N
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® |st m]y level follow-up of GRBs

N
o

® VOEvent and automated follow-
up system

=

Radio observations made
d
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® Radio afterglow detected on .
Q : l-—  Com—
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Mon. Not. R. Astron. Soc. 406, 1595-1608 (2010) doi:10.1111/5.1365-2966.2010.16812.x

Scalelength of disc galaxies

Kambiz Fathi,!"?* Mark Allen,® Thomas Boch,? Evanthia Hatziminaoglou*
and Reynier F. Peletier’

IStockholm Observatory, Department of Astronomy, Stockholm University, AlbaNova Center, 106 91 Stockholm, Sweden
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e SDSS, LEDA, Skyview, Aladin, Topcat, IDL/GDL,
VOSpace + Cluster System at CDS

® Filtering SDSS catalogue (low extinction, available z,
inclination < 70°)

® Cross-matching SDSS with LEDA catalogues to
identify hubble classification



Counts

r-band ID: 588011218064763056 Masked and sky subtrcated Asym=0.18 rd=11.4 rd.;s:=18.1
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Unprecedented sample - previous samples few |00s

Freeman law of galaxy disks confirmed for large
sample out to z=0.3



A&A 525, A29 (2011) Astronomy
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Identification of blue high proper motion objects in the Tycho-2
and 2MASS catalogues using Virtual Observatory tools

F. M. Jiménez-Esteban'-23_ J. A. Caballero*, and E. Solano!-2

® All sky search for bright objects with blue colours
and high proper motions

because:

WDs are used as

Early-type stars in young moving groups are fundamental for
understanding the



® Cross-match Tycho-2 and 2MASS.

Constraints M > 50 mas yr-!
and V1-Ks < -0.5 mas

® Collected multi-A photometry =
SED, fit models
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A

<

3-5 4-0 . I 1 1 1 1 l 1 1 1 1 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I
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V;—Kg (mag)




SVO VOSED

SED Building Tool

SED Building Tool: Search Form

® 32 objects identified.
(27 known, 5 new)

w

o O o O O

HD 205805

Ly6 Ly7 Lyﬂ HeII

My ‘W’W e

e A B AY)

o

® including hot sub-dwarf
Albus 5 - confirmed

with pubLLo FUSE
data

F, (107 erg s™' ecm™ A)
#
o

8
6
1
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0
9

950 1000 1050 ﬂllOO 1150 1200
Wavelength (A)

Fig.5. FUSE spectra of the sdB star HD 205805 (upper panel) and
Albus 5 (lower panel). The strongest observed lines (e.g. of the Lyman
series) and multiplets (e.g. C 111) have been labelled.




VO enabling science

® part of Astronomer’s everyday tool kit
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Learning how

® Workshops and schools
® On-line training materials

® From your colleagues
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Coming soon...




Multi-dimensional Data

Radio astronomy, Integral Field Spectroscopy, high
energy, polarization, simulation, data mining datasets + ...
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Aladinv7.5 *** PROTOTYPE VERSION (based on v7.549) ***
-

File Edit Image Catalog Overlay Footprint Tool View Interop Help V = =) 1_ Load

& @ Location X MOC-HST
Optical +Radio +DSS +Smbad # 2MASSK #DSS2F+4R 4 CUBE_NGC4254 #SDSS colored + MOC_SDSS

PR & R0 I

iy 2. Compute
N % MOC inters.
pan crop 3. Query Simbad

L8 by MOC

LE3, Moc HSTF555W.1Cx => Realized in 5s
LZ50 PLANCK-HF1 2176

filter

Footprint MOC operations
Spedfy one or two MOC planes,
choose a MOC operation and
press the CREATE button to generate the resulting footprint MOC.,

PLANCH 59 GHe

Plane Moc-SDSSDR9.fits - "17 45 37.20 -28 56 10.2"

Plane Moc HSTF555W.fits - "174537.20-285610.2"
Plane --

Plane --none --

Plane --none --

Plane --none --

£

Union @ Intersection Subtraction Difference Complement

W CREATE | | Reset | | Close




Observational core

metedata

® Special set of parameters (columns)
for uniform query across many
archives/services/tables

All spectra with res > 3000 between
4000-5000 A with t_exp >300s

|
= o}
— <

dataproduct_type
calib_level
obs_collection
obs_id
obs_publisher_did
access_url
access_format

access_estsize
target_name
s_ra

s_dec

S_region
s_resolution

t_max
t_exptime
t_resolution

em_min
em_max

em_res_power
0_ucd




IVOA Newsletter

® Bi-annual
® Aimed at Astronomers
® Applications highlights

® Recent refereed journal

papers with significant
use of VO

http://www.ivoa.net/newsletter



http://www.ivoa.net/newsletter
http://www.ivoa.net/newsletter

Links

e |VOA - htp://www.ivoa.net

® FuroVO - http://www.euro-vo.org
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