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1. Virtual Observatories (VO)

Perspectives on modern astrophysics

• Progress in Astronomical research is markedly
Technology driven.

• “Luxury problem”: How to prevent the ensuing
Information Overload, and exploit the possibilities
instead.

– Surveys (e.g.):

∗ Digitized Sky Survey (DSS-2) : ∼3 TB
∗ Sloan Digital Sky Survey (SDSS) : ∼40 TB
∗ GAIA : ∼200 TB

– Archives (e.g.):

∗ ESO : ∼20 TB yr−1

∗ ESO archive, with VST online : ∼50 TB yr−1

– AO storage capacity:
HDD ∼1.5 TB, DVD jukebox ∼3 – 12 TB.
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VO – Technology Driven and Technology Limited

• The projected increases in hardware performance re-
quires new approaches, e.g.:

– Distributed computing (e.g. GRID).

– Efficient on-site analysis and pipelining.
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VO – Perspectives on Modern Astrophysics

A transition of scale:

How to go from the rôle of
“traditional” astrophysics
of analysing a few, to
a hundred, objects at a
time

– to the challenge of op-
erating with millions to
hundred of millions of ob-
jects?

The 110 Messier objects (SDSS)
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Virtual Observatories – Concept:

• More efficient use of future and existing data archives
and surveys.

• Enable:

– Rapid, cross-frequency searches.

– Multi-variate clustering correlations.

– Data mining for e.g. transient events.

– Testing-ground of simulations against “real data”.

• Considerations:

– Inter-operability, standards (e.g. Astro-XML).

– Data calibration.

– Data quality.

• Projects: AVO + NVO ⇒ IVOA

• Required: Highly trained developers/users (Urania
Portal).

http://www.euro-vo.org/
http://www.us-vo.org/
http://www.ivoa.net/
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Virtual Observatories (VO) VO Concept

Cross-frequency searches.

Crab nebula in X rays, optical, infrared and radio
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Virtual Observatories (VO) VO Concept

Multi-variate clustering correlations.

• Determine new (or re-
fine existing) empiri-
cal relationships simi-
lar to e.g. the Colour-
Magnitude Relation
for stars or the Fun-
damental Plane Re-
lation for elliptical
galaxies.

• Discover and classify
rare objects, e.g.
brown dwarfs or
high-redshift QSOs.
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Virtual Observatories (VO) VO Concept

Data-mining for e.g.
transient or unusual
events.

• Classify variable ob-
jects such as stars and
(lensed) QSOs.

• Discover and analyse
transient events, e.g.
SNe, GRBs, asteroids.

• Discover new object
classes, e.g. L and T
dwarfs.

Star with peculiar variability discovered

from several epochs of survey data.
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2. Urania – Rationale

Main ambition of the Urania Astronomical Virtual Ob-
servatory initiative:

• To develop a local prototype AVO portal,

• . . . in order to augment the quality of the astronomical
education,

• . . . by enabling students to have ready access and
opportunity to work with “real” science-grade data
within standard course time-frames,

• . . . and thereby, through the “hands-on” approach, fa-
cilitate broader understanding of the tools and possi-
bilities of modern astrophysics.
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Urania – Rationale – 2

In addition, it is purposed:

• to develop and introduce a set of tools applicable, not
only to tests and exercises,

• . . . but also to research-based projects, instigated by
student and professional researcher alike.

Several of the tools included in the Urania AVO have al-
ready proven to be of great practical, recurrent use for a
large number of researchers.
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3. Urania – Implementation

Interface software:
Standard HTML-compliant internet browser.
Module implementation:
HTML (php, javascript) front-end for e.g. perl, IDL.
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4. Urania – Portal

URL : http://www.astro.ku.dk/avo

• Tools of the Trade, e.g.:

– Easy Archive-access.

– Smooth Data-reduction.

• Interactive Exercises and Online Projects.

http://www.astro.ku.dk/avo
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4.1. Urania – Tools

At present, the following tools are available for use at the
Urania portal:

• Object Query.

• Field Information Generator.

• Archive Interface.

• Exposure Time Estimator.

• Cosmological Calculator.

• Online Image Reduction.
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Urania – Object Query Tools

The Object Query interface acts as a front-end for various
specific-object info-generating routines (such as the Field
Information system for objects outside the Solar System).

http://www.astro.ku.dk/avo/portal
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Urania – Object Query – 2 Tools

The Object Query interface parses:

• Type-specific object searches:

– Minor Planet.

– Planet.

– Extragalactic.

• Query allowed by object name or designation, e.g. :

– Minor planets: “1976 JF2”, “2476” or “Andersen”.

– Planets and Moons: “Moon” or “Månen”.

– Extragalactic: “NGC5194”, “Arp 085” or “M51”.

http://www.astro.ku.dk/avo/portal
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Urania – Field info module Tools

The Field Information module provides:

• Field selection by coordinates (in all the favourite for-
mats), or by object search through the Object Query
Interface.

• Finding chart (DSS-II) of chosen field.

• Specific field-info, e.g. Galactic extinction,
Moon distance.

http://www.astro.ku.dk/avo/crr/home.php
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Urania – Field info module – 2 Tools

• Visibility plots for selected observatories,
e.g. NOT, La Silla, Paranal, Brorfelde.

• Direct query-access to relevant archives:

– Surveys (e.g. DSS-II, 2MASS).

– Data-archives (e.g. ESO, HST).

– Astrometry (e.g. USNOA2.0, GSC2).

– Object-databases (e.g. SIMBAD, NED).
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Urania – Exposure Time Estimator Tools

Exposure Time Estimator,
Estimates exposure time needed to obtain the required

signal-to-noise ratio for a given object.
Uses preset or custom telescope+detector configurations.

For use in planning observational projects.

The example is for a V = 19 mag. object, observed with the DK-1.5m+DFOSC

for a S/N ≈ 10.

http://www.astro.ku.dk/avo/portal
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Urania – Cosmological Calculator Tools

Cosmological Calculator,

• For use in solving exercises.

• For use in planning (observational) projects.

• Uses preset or custom sets of cosmological parameters.

http://www.astro.ku.dk/avo/
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Urania – Online Image Reduction – 1 Tools

Online Image Reduction – archive browser,

• For direct use in observational projects,
either based on archive-data, and/or on own observa-
tions.

• Interactive, “Smart” browsing of image-archives.

http://www.astro.ku.dk/avo
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Urania – Online Image Reduction – 2 Tools

Online Image Reduction – WCS-calibration,

• Reduction of science
images with selected
flat-field images (if se-
lected).

• Science images are
calibrated to the
World Coordinate
System (WCS).

• WCS-calibrated
images are median-
combined into one
ready-to-use image.
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4.2. Urania – Exercises

The goal of the Urania Portal Interactive Exercises:

• Online solvable, self-contained exercises (i.e. full doc-
umentation enclosed) – for direct use in online educa-
tion (“fjern-undervisning”).

• To provide a didactic approach to physical and astro-
nomical phenomena and concepts (e.g. central theo-
rems and formulae) through iterative interaction and
visualisation.

• Automatic evaluation

Sample Interactive Exercises:

• M55 and spectra – concerning stellar-classification.

• SN2003X – Examine a virtual Supernova.

http://www.astro.ku.dk/avo
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Urania – Exercises – M55 Exercises

The M55 Globular Star-cluster:

• Click on one of the stars to see the stellar spectrum.

• Determine the stellar spectral type and class from
comparison with template spectra, and then estimate
the distance to the cluster.
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4.3. Urania – Projects

Online Project Descriptions:

• Detailed suggestions for astronomical experimen-
tal/observational Projects.

• Either for direct implementation or for further inspi-
ration.

• Outlined for the application of relevant Urania-tools.

• Designed for “real” science, i.e. to facilitate the use of
actual scientific data, from e.g. research archives such
as the ESO image data-base.

http://www.astro.ku.dk/avo
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Urania – Projects – Examples Projects

Sample Project Descriptions:

• Determination of Asteroid ephemerides.

• VLT/HST archive-data – perform new, independent
analyses on existing, science-grade data – or confirm
(or reject) previous findings.

• X-ray astronomy – study interesting X-ray emitting
objects and clusters through archive-data.

• Cross-frequency study – compare source properties in
different wavelengths through judicious archive-use.

• Design your own observing project for Danish tele-
scope facilities, such as the DK-1.5m, the Brorfelde-
0.5m or the NeST-0.25m.
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Urania – Projects – Asteroids Projects

Determination of Asteroid epherimedes:

• Perform follow-up observations
(on e.g. LINEAR detections).

• Detailed info/tools to determine ephemerides from
position.

• Can likely result in MPEC-publication(s).

Three epochs of 2003 VB12 “Sedna” at R ∼ 20.5.

http://cfa-www.harvard.edu/iau/services/MPEC.html
http://www.gps.caltech.edu/~mbrown/sedna/
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5. Urania – Future Work

Urania portal – Outlook and Future work,

• Upgrade of the Cosmological Calculator:

– More efficient (faster) core code

– Implement “new” cosmology (e.g. Quintessence).

– Calculate k-correction for template objects.

– Addition of visualisation features.

• Improve on online analysis with e.g. a photometry
add-on module to the
Image Reduction service.

• Remote observing
– Brorfelde, DK-1.5m, NOT.

• Inclusion of contributed
exercises and project modules.

• International version.
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Production Notes

This presentation is prepared using the pdfscreen-
package for LATEX.
pdfscreen: http://www.river-valley.com.

Written exclusively in the Vim-editor.
vim: http://www.vim.org.

http://www.river-valley.com
http://www.vim.org
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