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Data/Information in Astronomy

- Basic data e
— digital images, spectra, time series,
catalogs, tables not discoverable
e Simulations through text-based
— models (results, computer codes, search engines
computational services)
— virtual observations —

« Analysis and interpretation
— Jjournals, e-preprints
— reprocessed and enhanced data

« ~several PB worldwide, with 1-2
year doubling rate
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1970 @ CCDs m Glass
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Astronomical Data and the Virtual
Observatory

« The VO provides standard protocols for obtaining
data from distributed collections.

— Metadata about collections, stored in registries, based on
Dublin Core, shared/coordinated through OAI-PMH

— Metadata about data objects (catalogs, images, spectra,
theoretical models and simulations)

— Metadata about applications, libraries, computational
resources
« The VO is NOT a centralized repository.

« The Virtual Observatory enables research by greatly
enhancing access to data and computing resources.
The VO makes it easy to locate, retrieve, and analyze
data from archives and catalogs worldwide.
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Without VO

n services,
n interfaces

archive 1 service 3
archive 2 service 2
archive 3 service 1
survey 1 survvey > survey 3
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With VO

n services,
“1” interface
archive 1 service 3
archive 2 |+ > VO « »  service 2
archive 3 service 1
survey 1 survvey 5 survey 3
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The Key to the VO: Interoperability

 Metadata standards

« Data discovery

 Data requests

« Data delivery

« Database queries

 Distributed applications; web services
 Distributed storage; replication

« Authentication and authorization

Data from NASA missions and most major
observatories is archived and accessible, but we
have a major gap...
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The Data Preservation Problem

* Research communities publish peer-reviewed journal
papers that describe highly processed data.

« Text and graphics are now being preserved, but the
digital data behind the graphics are “homeless”

« The research cannot be verified and the results
cannot be easily compared to other data in order to
broaden impact.

 Public funds invested In scientific research do not
have maximum return on investment. Essential
legacy datasets are being lost.
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Approach

Integrate digital data management into the
publication process (data capture, review, metadata
tagging and validation, storage).

Exploit emerging information technology standards
for managing distributed data collections, including
digital journals.

Provide multiple access methods to digital data to
maximize visibility and re-use.

Build on information management and curation
experience in the university lioraries and their
Institutional commitments for long-term preservation.

12 May 2008 R. Hanisch /CIC-CLIC Purdue University



Astronomy Digital Image Library
NCSA Q@ADIL EE% [ Step 1: Gather Files

NCSA Astronomy Digital Image Library Guide: Depositing Images

Depositing Images into the Library

Contributions to the Library are made in the form of projecis, or collections centered around a scientific publication. A
deposit contains:

« One or more Images stored In the FITS format . pe
+ A Submission Form filled out via our Web HTML form.
« Optional number of supplementary data files.

Contributions can be made by following these steps:

+ Assemble FITS images and related information

+ Fill out a Submission Description Form.

+ Send the files to the Library via Anonymous FTP.
» Motify the Library of vour deposit by email

When we receive your email, we will load your deposit into the Library, making it available to all users. At that time, we
will send back to you by email a project codename which will allow you to access your deposit without having to
search the database.

f Take a few minutes to look over the Project and Preview Pages to make sure your deposit was processed correctly.
: You can send your questions and comments to adil@ncsa. wiue. edu.

We greatly appreciate your participation in this project!

: n NCEA OADIL ggiierls »f Step 1: Gather Files

b . P The AstronomyDigital Image Library is a project of Radio Astronomy Imaging Team
. > e at the Mational Center for Supercomputing Applications on the campus of the University of lllingis at Urbana-Champaign

L ) Contact the ADIL: adil@ncsa. uiuc.edu




NCSA ©ADIL soemicote piten &

NCSA Astronomy Digital Image Library CQuery Page

Click on highlighted words for help on that section of form.

Submit Query | Reset Inputs |
Betum|S0  matching| images | statinguith #|1

Posgition: Auw'e conser wadig fe Soser filfer dolew vl gosdion saardes

Right Ascensiomn: Declination:

ADI L I(}u{:m:ss.ss HH:IBT: 55. 58] (DD:m:ss.ISS[, DD:IE1: 55, 55])
Epoch: |2ooc-.o Rd
q u e ry Freguency:

F any Freguency

- Search by Waveband:

I_ Fadio I_ Infrared I_ Optical I_ Tltrariclet I_ X-ray I_ Gamma

& Search by Frequency Range:

_-‘ - I Tnits: |Hz j

. -
Rest Frequency: I Units: |Hz j
-
Species: I (List of species in database)
.
Object:

Object Hame: Object Type: Sarvey Filter:
[one per line) [one per lime) [=elect from memn)

i |Exc|ude =

List of names List of types

I_ Uze MED object name resolution
|_ Use SiMBAD object name resolution

4 Image Origin and Belated Science:

Anthors: Title words: Telescopes:
[on= per line) [any format) [orne per line)

o~

List of telescopes

Submit Query | Reset |

S e



NCESA ©ADIL

NCSA Astronomy Digital Image Library  Query Page

Click on highlighted words for help on that section of form.

Submit Query | Reset Inputs

Betum|S0  matching| images | statinguith #|1

Posgition: Auw'e conser wadig fe Soser filfer dolew vl gosdion saardes

Right Ascensiomn:

(HEMEL: 55, 55[, HH:MML 55.58])
Epoch: |2ooo,o Rd

Frequency:

ADIL
query

F any Freguency
- Search by Waveband:

Declination:

(DD:MM: S5, §5[, DD:MM:SS.55])

I_ Fadio I_ Infrared I_ Optical I_ Tltrariclet I_ X-ray I_ Gamma

& Search by Frequency Range:
I Units: |Hz

Rest Frequencj:l

Species: I

Object:

Object Hame:
[one per line)

Object Type:
[one per lime)

List of names List of types

I_ Uze MED object name resolution
|_ Use SiMBAD object name resolution

Image Origin and Belated Science:

Anthors:
[on= per line)

Title words:
[any format)

K

Units: |Hz j

(List of species in database)

Sarvey Filter:
[=elect from memn)

|Exc|ude =

Telescopes:
[orne per line)

Submit Query | Reset |

List of telescopes

ADIL is great,
Data capture

..Eeet BvCode ..Em z

curation Is
from manu
processing

Data access |

Integrated |
journals
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The Astrophysical Joumal, 644 759-F6E, 2006 June 20
@ 2006, The American Astronormical Society. Al rights reserved. Printedin L5 A,

Evolution of the Color-Magnitude Relation in High-Redshift Clusters: Early-Type
Galaxies in the Lynx Supercluster at 2~ 1.26

Simona Mei ! Brad P. Holden 2 John P. Blakeslee L2 Piero Rosati,* Marc Postman 1.2
Myungkook J. Jee ! Alessandro Rettura .5 Marco Sirianni 2 Ricardo Demarco ! Holland C. Ford 1
Marijn Franx, Nicole Homeier Land Garth D. lllingworth 2
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ABSTRACT

Colornaghitude refations [ChRs] have been detived in bwo high+edshift clusters, BX JO0549+4452 and BX J0548+44 53
[with redshifts of == 1.26and 1.27, respectively], that lie inthe highest redshift cluster superstructure kbown boday, the Ly
Supercluster. The ChR was determined from AC Simaging in the WFC FITSW (4 cland FE5OLP [Sgg gl filters combined

PR ) PR TP RICAE B R IR PRI SRR =X PN TRT SCRCE PPN TSR HE PR PERRES SCRCEERE Y HHERE BEIERCIE HESCR SN 3 PRCE o FEREN ITERCRT RN BN )

Stanford etal. 2001). Recently, deep, panararmic multic ol ar | ﬁﬁ'and ;-" bards] iraging araund these bwa central clusters
identified s even galacy groups [Makaka et al. 2005] with photornettic re dshift phat ™ 1.26. This makesthe Lynxregiona
unique labarakary, being the only supercluster abserved ab such a high redshift today, and forthis reason, one of the best
regions at 7> 1in which we can study properties of evolving galacies within astructure thak is still assernbling, and in diff erent
ervironments.

Fig. 1 Cfaereredtaycontours ovedaid onthe ACS colorcomposite image far Lyhx E
[ewr e ien] and Ly W[ e ide anrdd]. The contours are adaplively smoothed with a
rhinirnuen significance of 3. We refinedthe alignment of the £8aafmimage with respect
tothe &5 using the X+ay point sources.

!
Fig. 2 LwxEACSimage[scaleis 1 =1 1. The central ongoing mergeris magnified to
als o showa grasdtational arc and its lik el counterimage.

(43 k]
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Storyboard

Hubble Space Telescope

| Image.

Most distant cluster of
galaxies known.

What more can | find out?
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Storyboard

‘ Where IS this?

N \\/hat is the image scale?
N \Where is north?
How bright is the star?
How bright is the galaxy?
What else is known about
this region?
Can | trust the data
analysis in this paper?

12 May 2008 R. Hanisch /CIC-CLIC Purdue University 14
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Is there any
X-ray
emission from
this cluster of
galaxies?
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Components

Library
» Curation
* Preservation

Publication &

Editorial Process

+ Data capture
» Metadata capture & validation

* Links

Data Storage Appliance
» Metadata database

* Digital data objects

* Ancillary information

* I[dentifiers

Data Storage Appliance
* Metadata database

* Digital data objects

* Ancillary information

Data Storage Appliance

* Metadata database
* Digital data objects
* Ancillary information

replication services

—

|
> VOSpace

—=

12 May 2008

Data Access

* VO portals

« Journal portals

* Other after-market distributors
* Registry

* Logging

R. Hanisch /CIC-CLIC Purdue University
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A prototype project

Implement end-to-end prototype using astronomy
scholarly publications as a test-bed.

Understand operational costs and develop long-term
business plan for preservation of peer-reviewed
journal content and associated supporting data.

Develop associated policies affecting data
accessiblility (e.g., move toward requiring digital data
availability as requirement for publication).

Utilize commodity open-source technologies and
partner with Virtual Observatory to maximize return
on investment, flexibility, adaptability.

Long-term: evaluate impact on citations and
productivity resulting from having ready access to
digital data.

12 May 2008 R. Hanisch /CIC-CLIC Purdue University
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A

prototype project

« Tasks (partners)

12 May 2008

— Metadata definition (VO, library)

— Content management tool evaluation/selection
(Fedora) (VO, library)

— Physical storage and replication (VO, library,
publisher)

— Publication process revisions and testing
(publisher, editorial staff)

— Policy development (editorial staff, professional
society)

— Business model development (publisher,
professional society)

R. Hanisch /CIC-CLIC Purdue University
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A prototype project

* |nitial work underway
— IMLS grant
— Microsoft grant
— NVO collaboration
* Hoping to do future work in context of NSF
Datanet program

— Pending support for Data Conservancy project led
by S. Choudhury (JHU)

12 May 2008 R. Hanisch /CIC-CLIC Purdue University
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Impact of digital data preservation

Data re-use

 Increasing the discovery space
Optimization of public investment in science
Creation of a research legacy

Integrity in scientific publication

12 May 2008 R. Hanisch /CIC-CLIC Purdue University
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Good metadata

Title? alaxy Evolution Explorer

Harvested From I

Shortname? ldentifier? ivo://archive.stsci.edu/siap/galex

ContactEmail? larchive@stsci.edu
Creator? i i Publisher?

ContactMame?

Contributor? ICaIiﬁ}rnia Institute of Technology osmology, Galaxies, Star Formation .
ResourceType

he Galaxy Evolution Explorer (GALEX), a HaS4 Small Explorer mission, is .
erforming the first all-sky, deep imaging and spectroscopic vltraviolet swrveys
in space. The prime goal of GALEX is to stuwdy star formation in galaxies and its
volution with time. v

Description?

Instrument? IFar and Mear Ultraviolet microchannel plates, grism spectrograp

11/22/2005 12:22:51 PM Version? V1.0
ReferenceURL? hitp:fgalex.stsci.edu ServiceURL? http=galex.stsci.edu/gxWS/SIAP/gLSIAP . aspx?

ircle (FES, 0.0, 0.0, 120.07) A 003-04 to present A
CoverageSpatial? CoverageTemporal?

RegionOfRegard? I:j} CoverageSpectral? |U|tra\|ri{}|et

ContentLevel? Facility 7

ModificationDate |3 J11/2006 6:43:25 PM ValidationLevel
Interfaces

‘Fmtprint ircle J2000 0.0 0.0 180.0
Simple Image Access

pomat |
Voraseconms |
gesereere]
precorss [
arries |3

MaxgueryRegionSizeLat I:j} MaxgueryRegionSizeLong
MaximageExtentLat |{} MaximageExtentLong
MaxIimageSizeLat |:J MaximageSizeLong




TP TF e
Pretty good metadata e .

Title? IMarkarian Calaxies

Harvested From Ihttp:f /heasarc.gsfc.nasa.gov/cgi-bin/OAl/XMLFile/nvo/cai.pl?verb=ListRecords&metadataPrefix=ivo_vor&from=2000-01-01T

Shortname? IM arkarian Identifier? Ii\ﬂ}if /nasa.heasarc/markarian
LR A Michael Preciado LU UL preciado@milkyway.gsfe.n
Creator? [Markarian, Lipovetskii, Stepanian Publisher? INASA/GSFC HEASARC
Contributor? INCI'T PROVIDED
ResourceType ICDNE

his catalog contains machine-readable wersion of the lists A
"Falaxies with Tltraviclet Continoom” (MEN; Harkarian 1967, 1969, 1989,
rkarian and Lipowvetskii 1971, 1972, 1973, 1974, 1976a, 1976b, tarkarian et

Description?

1., 1977a, 1977b, 1979a, 1979, 1979, 1982). o
R LT 5[TNASAIGSFC Exploration of the Universe Division ivoZinasa heasarc/eud|
Type? [Catalog Instrument? INOT PROVIDED

Date? IS,F 25/2007 12:00:00 AM Version? INGT PROVIDED
20 N VS e B hitp Wfadsabs. harvard .edu/fcgi-bin/bib_query?1967Afz....3.. 55M T A0 S R http:fheasarc.gsfc.nasa.govicgi-binfvo/cone/coneGet. pl Mtable=markarian&

1-sky«regionlfFegard <startTime
l:guerageﬁpaﬂm? mlns="http: /fwww. ivoa. net faml /TODataSer l:g\rerageTempng? mlns="http: /fwww. ivoa. net faml /TODataSer
« VS « VS

RegionOfRegard? Ir;}_zg CoverageSpectral? Iopti{m
Facility? INOT PROVIDED

ModificationDate |5 12572007 3:00:20 AM ValidationLevel |2
Number Type QType ResultType AccessURL

makioa [ZTE 0 |[PARAMHTTP/GET [textxml  |htipsheasarc.gsic.nasa.govicgi-binvo/cone/coneGet pl7table=markarian&
Footprint I

ConeSearch
VOTableColumns |

s pasiacoris [GEEEg

ContentLevel? IResearch




Poor metadata

Title? |5th service for the INT wide-field survey
Harvested From Ihttp:f Jhydra.star.le.ac.uk:8080/astrogrid-registry/OAlHandlerv0_10%erb=ListRecords&metadataPrefix=ivo_vor&from=2005-0-
Shortname? INOT PROVIDED identifier? live://org.astrogrid/INT-WFS.SIAP

ContactName? IGUV Rixon ContactEmail? Igtr@ast_{am_a{_uk

Creator? IGuy Rixon Publisher? ICambridge Astronomical Survey Unit
Contributor? INOT PROVIDED
ResourceType ISIAP

Simple Image Access Protocol service for the reduced images of the Tsaac Newbon
elescope wide-field survey.

Description?

Related
Resources

Type? Archive Instrument? INOT PROVIDED

| Date? [4/8/2005 9:35:19 AM Version? INOT PROVIDED
5 ST R hittp fwiki.astrogrid orginfview/Astrogrid IntWisDataModel ServiceURL? http/archive.ast.cam.ac.ukicgi-binfwfs-siap-atlasiquerylmage

T FROVIDED Could mot fimd a part of | 4 T FROTIDED
CoverageSpatial? |RiEas CoverageTemporal?
"o W Inetpubinvohvoregistryhregion. xs1" .

RegionOfRegard? |r_:-
ContentLevel? | Facility? |No'r PROVIDED
ModificationDate |4 /8/2005 10:35:48 AM ValidationLevel |2

CoverageSpectral? |

Number Type QType ResultType AccessURL

intgrinoge [ITCE[0  |WEBBROWSER| hitp-/archive.ast.cam.ac.ukicgi-bin/wis-siap-atiasiqueryimage
‘ Footprint [

Simple Image Access

Jromat ]
VOTableColumns |
ImageServiceType | MaxqueryRegionSizeLat |r_]- MaxqueryRegionSizeLong
|5 a0o0 MaximageExtentLat I{} MaxIimageExtentLong

MaxFileSize I:} MaximageSizeLat I{} MaxImageSizeLong



Poor metadata o

Title? |5th service for the INT wide-field survey
Harvested From Ihl‘tp:Hh'prnim.:;tar.luz.Elc.uIr\':ErC.‘rEr;‘r,rl astrogrid-registry/OAlHandlerv0_10%erb=ListRecords&metadataPrefix=ivo_vor&from=2005-0-
LU LA NOT PROVIDED identifier? live://org.astrogrid/INT-WFS.SIAP

ContactName? IG“V Rixon ContactEmail? Igtr@ast.cam.ac.uk

Creator? IGuy Rixon Publisher? ICambridge Astronomical Survey Unit

Contributor? INC-T PROVIDED
ResourceType |5|A|:-

Simple 1
elescope

Description?

Related

Currently have more than

e 10,000 resources like this

ZZZTZZZUL needing metadata curation

A — and service validation
ContentLevel? |7 R

L P 8/2005 10:35:48 AM
- Number Type QType

k ‘Interfaces m \WEBBROWSER

Footprint

ValidationLevel |2

httpzifarchive.ast.cam.ac.ukifcgi-bin/wfs-siap-atlas/guerylmage

Simple Image Access

Fomt |
orssecas |

paranogorsasial |3 o egmsimion
i o g |3 et

S T N s
3 \/ i

¥

L 1



Metadata granularity

« Desire to capture “fine-grained” metadata
— Rich data discovery
— Automated workflow
— Automated serialization, class construction

e But, IS this feasible?

— Astronomical databases can contain dozens of
tables and thousands of attributes

— They should be documented, but often are not
— Dynamic access vs. cache

12 May 2008 R. Hanisch /CIC-CLIC Purdue University
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Implications, challenges

Fielded metadata Is important for data
discovery and access in disciplines whose
content is not text-based

Curation effort is substantial, requires domain
expertise, and is ongoing

Level of detail required is not yet clear
Are ontologies necessary?

New role: data scientist
— IS + domain expertise
— Supports data center and library

12 May 2008 R. Hanisch /CIC-CLIC Purdue University 34



