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!e Atacama Large Millimeter Array (ALMA) radio interferometer has started Early Science observations, providing a copious stream of new, high-quality 
astronomical datasets of unprecedented sensitivity and resolution. We present here how the ALMA Science Archive (ASA) is being implemented, leveraging 
existing Virtual Observatory (VO) technologies and so"ware packages, together with Web 2.0 techniques, to provide scientists with an easy to use, multi-
parameter discovery tool for ALMA data, integrated with the VO.
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The ESO Archive [1] contains one of the largest collections of ground-based astro-
nomical data in the world that come from a wide variety of telescopes and other 
sources and is evolving to become a full research facility capable of optimizing the 
scientific return from the data. 

In the Virtual Observatory (VO) [2] era it is critical that the holdings of the ESO Archive 
are made available to the user community via the usage of VO . This requires among 
other things a good knowledge of the instrumental provenance of the data and the 
identification of metadata from the otherwise inhomogeneous collection to form a VO 
layer and a provenance database. Also specifications and transmission curves for all 
optical elements present in the archived observations are being collected for making 
them available to the astronomical community. As an example, this homogenisation 
work makes possible the mining of the ESO Archive looking for objects observed using 
specific filters that allow the creation of new outreach images.

The ESO Archive should develop advanced scientific query forms always keeping in 
mind the astronomers' needs and the VO standards, data models and applications. 
Also the rapid evolution of the World Wide Web pushes for new functionalities and 
services. 

NGC 2280 NGC 4945 NGC 6611 NGC 6618

NGC 6781 NGC 6781 NGC 2207 NGC 253 NGC 7793

NGC 7293 NGC 2264

NGC 6514

Introduction

The goal of this project is to allow scientific access to ESO Archive and hence the query forms functionalities should be 
enhanced and scientifically oriented. One of the most interesting informations that can be provided to an astronomer is 
the total transmission curves related to the scientific observations. For this reason, part of the project is focused on gath-
ering the specifications and transmissions curves of all systems which will set up the basis of the instrumental prove-
nance database (DB).

Some example use cases for the instrumental provenance DB would be: Spectral Energy Distribution (SED) builder 
which relies on the availability of the total transmission curves associated with the observations, proposal preparation for 
allowing the astronomer to decide the instrumental setup, technical query forms of optical elements, instrument specific 
query forms etc. 
There are various aspects of the astronomical provenance that are further described on Santander et al. poster at 
ADASS XIX: 

We will focus here on Observational Provenance which describes the  configuration  and  properties  of  the system(s)  
used  to obtain  the  data,  that  is  (array  of)  telescopes,  (multi-)chip  cameras, filters,  grisms...  It  also  includes  total  
transmission  curves,  instrument  description  and modes, sensor description, software interface specification.

Goal and Scope

One of the results of this analysis showed that some of the keywords values stored in DBs are very inhomoge-
neous. For instance SUSI, a decommissioned instrument placed at La Silla, has more than 322 distinct strings 
containing the filters used during the observations, but there were only ~77 filters available for its setup (~53 for 
SUSI and ~24 for SUSI2). Another example is WFI which has ~46 filters but the number of distinct strings for 
them in the DB is ~129. The first goal undertaken was to collect all the possible strings that were referring to the 
same metadata values for creating a table containing the mappings.

The absence of unique strings for designating each filter was constraining the ability of the Archive query forms 
for searching by filter/wavelength. At the present time, most of the frames are reachable querying by filter, but 
there is a percentage of frames that are left out due to filter string inhomogeneity. This non-unique naming were 
principally found in La Silla filter’s data so in the holdings of earlier ESO instrumentation. Also the lack of filter in-
formation of some frames was detected and recovered using the keywords repository [2].

In addition, during this detailed examination of the values we could check the consistency of other metadata 
such as the technology’s values (i.e. image, spectrum, polarimetry etc.) and the mode’s values. So the aim is to 
find wether these values are referring to one of the modes described in the manuals but using a distinct string or 
either these frames are tests or wrongly tagged etc.

Methodology

Filters Mappings Applications

Thanks to the filter string homogenization work explained above, it is now possible to get a 
better characterisation of the Archive holdings. A collaboration has been established with  
the ESO educational and Public Outreach Department (ePOD) [6] to help mining the Ar-
chive for objects which have the needed frames for creating new press release images.

Several scripts were coded for selecting the objects observed in the proper filters and ex-
posure times.

Various lists of objects provided by ePOD have been used as input of these scripts. The 
identification of objects in the Archive DBs with optimal frames for an outreach image re-
lease using these scripts was successful.

Nowadays the search performed in the Archive is part of the foundation of the new image 
production at ESO. Several images have been published already, based directly or par-
tially on this work. 

The Archive survey for creating outreach images is still underway.

Work in progress... Conclusions

[1]  http://archive.eso.org
[2]  Vuong et al. 2008 “Applications of the ESO metadata database” Proc. SPIE Vol 7016, 70161M.
[3]  http://www.ivoa.net
[4]  La Silla Instrumentation: http://www.eso.org/sci/facilities/lasilla/instruments
[5]  Paranal Instrumentation: http://www.eso.org/sci/facilities/paranal/instruments
[6]  http://www.eso.org/public/outreach
[7]  http://www.ivoa.net/cgi-bin/twiki/bin/view/IVOA/IvoaDataModel
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! Characterization of ESO Observations

! Data Flow / Light Path *

* Interferometry is not included in the diagram

The diagram shows how an observation can be char-
acterized from the point of view of the instrumental 
provenance information.

In this simplified model is shown the relations among 
the different elements that play their roles when an 
observation is taken.

Also the list of specifications and information to take 
into consideration are given for each element.

The nexus among the elements and the observation 
are highlighted.

The total transmission curve associated to 
an observation must be created by the 
convolution of the transmission curves of 
each element crossed by the light coming 
from out of the atmosphere.

A good knowledge of the instruments is very useful for understanding the metadata archived the ESO DBs. For 
this reason, all instruments' manualS of different observing periods were collected and consulted for compre-
hending as much as possible the instruments operational modes [4] [5].
The next step was to identify inconsistencies checking the metadata ingested in FITS keywords repository [2] 
and the table used for the web query forms, which is a subset of the observations header keywords. 
Also as a result of this analysis the diagrams of this section were outlined.

Characterization of Observations and Light Path

Filters Mappings and Values

All the instrumental provenance information collected above should now be persisted in a database. Most of the informa-
tion needed has been recovered but still some specifications for old elements have to be recovered. 

Now it is time for the design of a data model for keeping track of all instrumental modifications and upgrades undertaken 
along the years and the all knowledge acquired on the optical elements on and off duty will be part of this provenance 
DB.

In these tables is shown the information that has been gathered from different DBs, manuals, web pages...
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In the Virtual Observatory framework:

The ESO Instrumental Provenance is planned to be available in VO format using the “Observations/Provenance” data 
model [7] that is being developed by IVOA.

The optical elements specifications and transmission curves will be available in VO format.

In a more general framework:

The Instrumental Provenance DBs will give the possibility of creating advanced 
query forms for allowing the astronomers to get data using scientific parameters in 
their searches and these features will give the ESO Archive another dimension 
and more visibility. 

The historical information of the observatories will be preserved but what is more 
important, the chance of using the archived observations knowing exactly the 
conditions and the instrumental configuration in the night that were taken will allow 
astronomers to make use of them, being confident that they are aware of all the 
details and used them in their papers.  

New instruments and facilities like E-ELT should consider including instrumental 
provenance of observations as an essential element of their archive facilities to 
keep track of the modifications and upgrades since their first lights. E-ELT
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The ASA implementation follows the requirements spelled out by S. Etoka et al. 
in 2007 (1), and more recently by F. Stoehr et al., (see 2 in this poster exhibition).

!e highlights of the implemented architecture (see Figure 1) are:

• a harvesting process to pass data from the ALMA Fronted Archive (AFA) 
to the ASA tables;

• a simple database structure (see 2 for details) supporting aggregation of 
data by Fields, Spectral Windows, Projects, and product Dependency for 
elaborated data products;

• reuse of community-maintained so"ware, such as the openCADC stack 
(3), and the VOView (4), to support the Table Access Protocol (5);

• and a Spring MVC-based web graphical interface that works as VO client 
of the web application services;

Figure 1: The layered view of our current ASA implementation shows the harvesting process feeding the 
ASA database from the ALMA Front-end Database, the Spring-based Java application providing GUI 
and endpoint services, the web-browser with embedded VOView, and different clients of the system.

Query Interface

Figure 2 shows two tabs of the search interface. !e initial tab (le") supports 
searching on Position, Energy, Time, Polarisation, and Observation provenance 
parameters, and uses JavaScript and AJAX to allow for in-page searching, and 
automatic coordinates’ resolution for object names. !e result tab shows data 
found in the VOView, and thus allows for interactive #ltering, searching, 
column reordering, hiding, and sorting. Search operators such as !$ (NOT), 
"$(wildcards) and ##$(numeric ranges) are supported.

We are enhancing the VOView so that it can interact with SAMP-based 
applications (see 6), allowing interactivity between local desktop applications 
and our query interface.

Figure 2: Above, the search interface 
showing IVOA characterisation-oriented 
axes, and dynamic name resolution via 
Sesame using JavaScript. To the right, the 
search results in VOView.

Until the ALMA pipeline heuristics are fully de#ned, only 
the raw data coming from observations will be available. 
ASDMs (Viallefond, see 7) are harvested from the ALMA 
Front-end Archive (AFA), where they were created and 
stored by the ALMA Correlator subsystem. For details on 
how the data reaches the AFA, see 8.

The most delicate part of the algorithm (see Figure 3), once non-
observational data have been rejected, is the folding, or 
dimensionality reduction, of the data. During folding, data from 
all other ASDM tables are compiled at the Field level.

In particular:

• integration time from Scans is attributed to observed Fields;
• weather and water vapour information is averaged;
• spectral information is aggregated per Field via interval 

operations, computing characteristic channel numbers, 
bandwidth, etc.;

• Antennas and Station pairs are created, baseline vectors 
calculated, and then reprojected to estimate spatial 
resolution and #eld of view;

• and other quantities are estimated.

In total, more than 70 parameters are calculated per Field, and 
available to be both searched and retrieved.

YES

Obtain ASDM 
archive_uid list

Start

Obtain tables 
with non-zero 

rows

Obtain data for 
present needed 

tables

Fold data per !eld

Insert rows per 
!eld

End

NO

Do we have all 
tables we need?

Figure 3: ASDM Harvester

Harvesting

References
1. S. Etoka, G. Fuller, and A. Wicenec, “ALMA Science Archive Requirements,” Draft 

COMP-70.50.00.00- 004-A-GEN, Atacama Large Millimeter Array, April 2007.
2. F. Stoehr, et al., “The ALMA Science Archive: Design”, ADASS XXI, P147
3. Patrick Dowler et al., openCADC: http://code.google.com/p/opencadc/
4. Dean Hinshaw, VOView: http://code.google.com/p/voview/

5. P. Dowler, G. Rixon, and D. Tody, “Table Access Protocol,” IVOA Recommendation 1.0, March 2010.
6. M. B. Taylor, T. Boch, M. Fitzpatrick, A. Allan, L. Paioro, J. Taylor, and D. Tody, “Simple 

Application Messaging Protocol,” IVOA Recommendation 1.11,, April 2009.
7. F. Viallefond, “The Alma Science Data Model,” ADASS XV, vol. 351, ASP Conference Series, 2006
8. A. Manning, et al., “ALMA Archive: Data to the Scientists”, ADASS XXI, P089

AFA 
Database

HTML

JavaScript

SAMP-based 
VO!Tools

VO!Client

Local Apps Database Server

ASA 
Database

Harvester

Spring MVC
Java Application

openCADC

VO TAP 
Endpoints

JSP
Pages

ADQL

SQL

JDBC

Java Application Server

VOView

request

AJAX request

Web Browser

SAMP

V
O
T
a
b
l
e

VO Tools


