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Science Case: the AVO First Light DemoScience Case: the AVO First Light Demo

AVO prototype developed in response to science 
drivers set by the AVO’s Science Working 

Group (SWG)

Understanding the formation of galaxies at the 
earliest epochs via the study of  distant, high 

redshift galaxies 
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5 Steps for conducting Science with AVO

1. Observations/Data: ‘smart browsing’
2. Information/Catalogues: discovering what 

resources are available (Astro-Google…)
3. Analysis: locally or remote
4. Visualization: getting the full picture
5. Knowledge Creation: the ultimate end-goal
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Find objects not identified in the Optical, but 
visible in the near-infrared: are these a high redshift 
population revealing galaxy formation mechanisms 
at early epochs?

An Example ObjectiveAn Example Objective
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Chandra Deep Field South DataChandra Deep Field South Data

�  Deep Mega-second Chandra exposures of  Deep Mega-second Chandra exposures of Chandra Deep Chandra Deep 
Field SouthField South &  & Hubble Deep Field NorthHubble Deep Field North have laid the  have laid the 
foundation for:foundation for:
�  GOODS – Great Observatories Origins Deep Survey: GOODS – Great Observatories Origins Deep Survey:

�  Hubble Hubble
�  Chandra Chandra
�  SIRTF SIRTF
�  ESO VLT, WFI ESO VLT, WFI
�  VLA VLA

�  A Multiwavelength Resource – Radio to X-ray of high quality  A Multiwavelength Resource – Radio to X-ray of high quality 
�  An 'open' resource – available to all An 'open' resource – available to all  
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A Multi-Wavelength ‘Data Cube’A Multi-Wavelength ‘Data Cube’
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�  These large, multiple 
data sets, are held at 
data centres in the US 
&  Europe 
�  Information delivery 
is via a VO 
infrastructure
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And now the AVO 
prototype in action…
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Discovering Resources via MetaDataDiscovering Resources via MetaData
�  Metadata: data about data –  a buzzword in information 
management
�  AVO prototype allows browsing of metadata from anywhere
�  Users can select any relevant data resource from anywhere
�  Advanced interoperability – VOTable XML – the new 
standard
�  ‘Smart browsing’ : Metadata tree/data cube
�  Only exchanging metadata – not the very large data files 
�  Relevant extracts of larger datasets automatically returned – 
astrometrically corrected
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�  Registry (here CDS) queried – returns meta-data of 
information available for field of interest
�  Mass data kept at data centre (e.g. ESO), only meta-
data passed to the AVO tool
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Analysis & VisualisationAnalysis & Visualisation

�  AVO prototype allows image manipulation 
–  Registered RGB colour map generation
–  Contour generation
–  Image stack & data folders

�  Access to known information about objects
–  Catalogue data
–  Published Data
–  Surveys
–  Observational Logs  
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The Galaxy Environment: Use of FiltersThe Galaxy Environment: Use of Filters

Prototype offers advanced manipulation and 
visualization of metadata accessible information  
Filter tool 
–  Generate queries based on metadata 
–  E.g. visualise objects with high redshift
–  Sophisticated queries possible
–  E.g. visualize objects with high redshift and 
very red colours
–  Standard metadata (UCDs) 
–  Ontology for Astronomy
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The Galaxy Environment Revealed!The Galaxy Environment Revealed!

Rapid return of known galaxy data in the field
Future ability to determine redshifts automatically 

Spectral Energy Distribution (SED) tool 
–  Select objects 
–  Tool interrogates metadata to allow 
identification of flux
–  Automatically converts to standard units 
–  Handles colour terms via metadata 
–  Visualization capability 
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The Faintest Objects:To The LimitsThe Faintest Objects:To The Limits

 Astronomy often involves locating the faintest 
objects in the deepest images

 Technical Challenges:
�  User tuned image analysis of original data
�  Access to large distributed data files: control infrastructure
�  Executing programmes on remote computers: web service 
technology
�  Results (not the data) returned to the AVO tool

 On demand object detection & analysis 
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In real time:
�  Image taken from remote location in 
Munich
�  Processed in Cambridge on large,  
optimised compute box (advanced 
extraction programme developed at 
TeraPix)
�  VOTable results returned to the AVO 
demo prototype in Jodrell
�  Result: faint objects located & visualized 
locally

ACE
Astronomical Catalogue Extractor 
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Hubble Deep Field (North)Hubble Deep Field (North)

Can now compare full ~10'x10'
field from radio to x-ray
for the first time 

�  Observations started 1995
�  HST, ground-based optical
� ISO infra-red sattelite
� SCUBA sub-mm telescope
� MERLIN, VLA, other radio
� CHANDRA x-ray sattelite

� Star-formation in the early 
  universe

� Reddened, dusty objects?
� Connection with AGN?
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�  Radio flux at position 
of optical sources as 
function of magnitude 

�  On optical position – 
excess radio flux
�  10”  off optical 
position - none

�  Compare populations of faint radio, optical, x-ray sources
�  Excess of faint radio flux for Imag<25 
�  Faint x-ray/radio sources often related but flux density not 
correlated?  Full field comparison not yet made

Different faint object populations?Different faint object populations?
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The AVO PrototypeThe AVO Prototype
Next Steps: Wider, Deeper…Next Steps: Wider, Deeper…

�  The demonstration shows the potential 
of new technologies and architectures 
being deployed by the AVO
�  The AVO prototype is evolving rapidly 
to enable access to more and larger 
resources
�  Lessons learnt inform the deployment of 
the future EU wide EURO-VO

AVO Phase-A
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 Future Challenges

� Network integration – Euro-VO wide Registry 
� Internationalisation – links to USA etc.
� Multiple (100’s) Data Sets
� Large (x100 Terabytes) Data Sets
� Distributed Data (e.g. Europe, USA)
� Heterogeneous Data (e.g. multi-� , multi-epoch)
� Rapid Delivery: ‘ real-time astronomy’
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