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g Centre d’Etude Spatiale des Rayonnements, UMR5187 CNRS/INSU, Université Paul Sabatier, 9 Avenue du Colonel Roche, F-31028 Toulouse cedex 9, France
h Faculty of Mathematics, University of Vienna, Nordbergstrasse 15, 1090 Wien, Austria
i Istituto Nazionale di Astrofisica—Osservatorio Astrofisico di Catania, Via Santa Sofia 78, I-95123 Catania, Italy
j Division Informatique de l’Observatoire, VO-Paris Data Centre, UMS2201 CNRS/INSU, Observatoire de Paris, 5 Place Janssen, 92195 Meudon Cedex, France
k Russian Federal Nuclear Centre-All Russian Institute of Technical Physics (RFNTC-VNIITF), 13 Vasilyeva St., Snezhinsk, Chelyabinsk Region 456770, Russia
l Department of Applied Mathematics and Theoretical Physics, Centre for Mathematical Sciences, Wilberforce Road, Cambridge CB3 0WA, UK
m Open University, Faculty of Science, Walton Hall, Milton Keynes MK7 6AA, UK
n Centro de Fı́sica, Instituto Venezolano de Investigaciones Cientı́ficas (IVIC), P.O. Box 20632, Caracas 1020A, Venezuela, and Centro Nacional de Cálculo Cientı́fico

Universidad de Los Andes (CeCalCULA), Corporación Parque Tecnológico de Mérida, Mérida 5101, Venezuela
o Istituto Nazionale di Astrofisica—Osservatorio Astronomico di Cagliari, strada 54 loc. Poggio dei Pini, Capoterra (CA) I-09012, Italy
p School of Mathematics and Physics, Queen’s University Belfast, University Road, Belfast BT7 1NN, UK
q Centro Nacional de Cálculo Cientı́fico Universidad de Los Andes (CeCalCULA), Corporación Parque Tecnológico de Mérida, Mérida 5101, Venezuela, and Grupo de

Investigación en Relatividad y Gravitación (GIRG) Esc. Fı́sica, Universidad Industrial de Santander, Bucaramanga, Colombia
r Uppsala University, Department of Physics and Astronomy, Lägerhyddsvägen 1, Uppsala 75120, Sweden
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evaluation, and use of atomic and molecular data. VAMDC aims to build a secure,

documented, flexible and interoperable e-science environment-based interface to

existing atomic and molecular data. The project will cover establishing the core

consortium, the development and deployment of the infrastructure and the develop-

ment of interfaces to the existing atomic and molecular databases. It will also provide a

forum for training potential users and dissemination of expertise worldwide. This

review describes the scope of the VAMDC project; it provides a survey of the atomic and

molecular data sets that will be included plus a discussion of how they will be

integrated. Some applications of these data are also discussed.

& 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Atomic and molecular (A&M) data are of critical
importance across a wide range of applications such as
astrophysics, atmospheric physics, fusion, environmental
sciences, combustion chemistry and in industrial applica-
tions from plasmas to lighting. Currently these vital and
fundamental A&M data resources are highly fragmented
and only available through a variety of highly specialized
and often poorly documented interfaces, thus limiting the
full exploitation of their scientific worth. This in turn
hinders research across a wide range of topics including
space exploration (the characterization of extra-solar
planets [1], understanding the chemistry of our local
solar system and of the wider universe); the study of the
terrestrial atmosphere and quantification of climate
change; the development of the international fusion
programme for energy, and our understanding of radia-
tion damage within biological systems, to give just a few
examples.

The Virtual Atomic and Molecular Data Centre
(VAMDC) aims to build a unified, secure, documented,
flexible and interoperable e-science environment-based
interface to existing A&M data. VAMDC will combine the
expertise of existing A&M databases, data producers and
service providers with the specific aim of creating an
infrastructure that is easily tuned to the requirements of a
wide variety of users in academic, governmental, indus-
trial or public communities. The project will cover the
construction of the core consortium, the development and
deployment of the infrastructure and the development of
interfaces to existing A&M databases.

VAMDC brings together a wide range of partners
represented by the authors of this paper. These partners
have expertise in both the provision and use of A&M data
and in the technical development and use of key
e-infrastructures (e.g. the Euro-VO, http://www.euro-vo.
org and EGEE, Enabling Grids for E-sciencE, http://
www.eu-egee.org/). VAMDC is organised following inclu-
sive and open principles. It will interact widely with the
general scientific community to ensure that the priorities
for deployment of A&M services are well founded
(selecting its data from validated, broadly used and
acknowledged data sets), that training programmes are
widely available, and that the benefits of access to this
information infrastructure is fully accessible to the wider
scientific community. Internally the delivery of this
scientific data infrastructure is divided into service
activities focussed on deployment and support, and
research activities related to data content, transport,
presentation. These efforts will be aimed at designing
the necessary technical extensions to the baseline infra-
structure which are required to meet the demands of the
A&M user communities. VAMDC will interact with other
underlying infrastructures – such as EGEE and the
Euro-VO – and also participate in relevant standardisation
activities such as the International Virtual Observatory
Alliance (IVOA [2]), to ensure continued interoperability
of VAMDC resources with related e-infrastructures.

2. Objectives

There are many groups worldwide who generate
atomic and molecular data by measurement and/or
calculation. Such data feeds several databases and
information services in what is currently a very fragmen-
ted fashion. However, in some scientific areas, A&M data
producers have already established large, trans-national
networks, such as the European Theoretical Spectroscopy
Facility (ETSF, http://www.etsf.eu), a project developed
within the Nanoquanta Network of Excellence (http://
www.nanoquanta.eu). Several major scientific collabora-
tions plan to use such services for their own objectives
and needs. Examples include the planetary science
community through Europlanet (http://www.europlanet-
ri.eu), the astronomy community through Euro-VO, the
fusion community through ITER (http://www.iter.org)
and EURATOM (http://www.euratom.org), and the radia-
tion science community for modelling radiotherapy and
effect of low doses on human health [3]. However within
these initiatives there is little activity to ensure the
interoperability of A&M databases. This means at present
that every time the same A&M database is used for a new
application, the output of the database has to be
cumbersomely adapted. For example automatic tools for
the visualisation of simulations of planetary, stellar or the
interstellar medium spectra are planned. These tools will
require automatic access to different A&M databases,
cross-matching the retrieved data as well as checking the
quality of data. Yet to date there is no coherent nor
sufficiently general infrastructure to perform such tasks.

The VAMDC is building such a secure, documented,
flexible, easily accessible and interoperable e-infrastruc-
ture for A&M data based upon existing A&M databases. It
has the specific aim of creating an infrastructure that on
the one hand can directly extract data from the existing

http://www.euro-vo.org
http://www.euro-vo.org
http://www.eu-egee.org/
http://www.eu-egee.org/
http://www.etsf.eu
http://www.nanoquanta.eu
http://www.nanoquanta.eu
http://www.europlanet-ri.eu
http://www.europlanet-ri.eu
http://www.iter.org
http://www.euratom.org
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depositories, while on the other hand be sufficiently
flexible to be tuned to the needs of a wide variety of users
from academic, governmental, industrial communities or
by the general public.

The VAMDC can be understood as a publisher infra-
structure, see Fig. 1. The VAMDC will deploy yellow pages
(registries) in order to find resources, design user
applications in order to meet the user needs, build data
access layers above databases to provide unified outputs
from these databases, care about asynchronous queries
with workflows and the storage of large quantity of data
with VOspace, and connect its infrastructure to the grid.

Central to the VAMDC is the task of overcoming the
current fragmentation of the A&M database community.
The VAMDC will alleviate this by:
�
 developing the largest and most comprehensive atom-
ic and molecular e-infrastructure to be shared, fed and
expanded by A&M scientists.

�
 providing a major distributed infrastructure which can

be accessed, referenced and exploited by the wider
research community.

In fulfilling these aims, the VAMDC project will organise
a series of networking activities (NAs) laying the founda-
tions for a long-lasting and self-sustaining infrastructure.
NAs are specifically aimed at
�
 Engaging data providers.

�
 Coordinating activities among existing database pro-

viders.

�
 Ascertaining and responding to the needs of different

user communities.
Fig. 1. Schematic diagram of the VAMDC infrastr
�
 Providing training and awareness of the VAMDC across
the international A&M community and other use
communities such as planetary scientists.

3. Databases

The core of the VAMDC e-infrastructure is the
databases upon which it is based. These databases include
those detailed in the following subsections.

3.1. Vienna atomic line database (VALD)

The VALD database [4] of atomic data provides a robust
and consistent analysis of radiation from astrophysical
objects. Created in 1995 in Vienna, it is developed and
maintained by researchers at 7 European institutes. The
main nodes are in Vienna, Uppsala and Moscow, where the
three database servers (mirror sites) are located. VALD
provides an e-mail and web-based user interface to a vast
collection of spectral line parameters (central wave-
lengths, energy levels, statistical weights, transition prob-
abilities, line broadening parameters) for all chemical
elements of astronomical importance (over 50 million
atomic transitions). Currently, VALD serves more than
1200 users from 47 countries and 5 international organi-
sations. VALD processes nearly 100 requests per day.

3.2. CHIANTI

CHIANTI [5] is an atomic database for spectroscopic
diagnostics of astrophysical plasmas. First released in
1997, it is a well-established atomic database for ions of
astrophysical importance. Combined with interactive data
ucture; note that it is a distributed system.
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language (IDL) spectroscopic diagnostic programs, it is
used in the analysis of optically thin collisionally ionised
plasmas and is the preferred reference database in solar
physics. The CHIANTI package also contains atomic
structure data (experimental and calculated wavelengths
and radiative data), and rates for electron and proton
collisions. Version 6 of CHIANTI was released in 2008 [5];
it contains new rates for ionization and recombination,
thus allowing the treatment of non-equilibrium plasmas.
The CHIANTI data and programs are distributed via
SolarSoft [6] to the solar community, but are also available
on the web (www.damtp.cam.ac.uk/user/astro/chianti/)
as a large number of ASCII files. To make them more
accessible, some of the basic atomic data (line emissiv-
ities) were imported into Astrogrid’s [7] VOTADA protocol
in a MySQL database accessible from the Astrogrid
Workbench.

3.3. EMol

The EMol database [8], under development at the Open
University, aims to provide a comprehensive listing of
measured and calculated cross sections for electron
interactions with molecular systems. Combining several
previously assembled databases and data reviews (e.g.
Ref. [9]) in an on-line open-access database, EMol
provides recommended cross-section values for data
users in the plasma industry, and for the disciplines of
discharge physics, fusion, aeronomy and radiation chem-
istry. The data are reviewed by an expert international
panel and are regularly updated. Future data needs are
considered [10]. Access is also provided to a suite of semi-
empirical theoretical methods so that cross sections may
be evaluated for targets for which there are currently no
experimental data.

3.4. Cologne database for molecular spectroscopy (CDMS)

[11] and Jet Propulsion Laboratory Submillimeter Catalog [12]

The CDMS (http://www.ph1.uni-koeln.de/vorhersa-
gen/) provides recommended values of spectroscopic
transition frequencies and intensities (including error
estimates) for atoms and molecules of interest to the
astronomical community and for studying the terrestrial
atmosphere in the frequency range 0–10 THz, i.e.
0–340 cm�1. It is a regularly updated database and a
very thorough effort is carried out to give the maximum
information on the fitting procedures, the quality of the
fit, and the references to the original data. The CDMS is
cross correlated with its US counterpart, the JPL sub-
millimeter catalogue (http://spec.jpl.nasa.gov/), VAMDC
will provide a vehicle for explicitly cross-linking these
two activities.

3.5. BASECOL

The BASECOL database [13,14] (http://basecol.obspm.fr)
provides excitation rate coefficients for ro-vibrational
excitation of molecules by electrons, He and H2 including
error estimates. The BASECOL database can be automati-
cally accessed by software through a web service and data
can be downloaded in several different formats such as
HTML, ASCII or the VO’s VOtable format. To date, BASECOL
has been mainly used for the study of interstellar,
circumstellar and cometary atmospheres.
3.6. GhoSST

The GhoSST (Grenoble astrophysics and planetology
solid spectroscopy and thermodynamics, http://ghosst.
obs.ujf-grenoble.fr) [15] database service, under develop-
ment in Grenoble, provides spectroscopic laboratory data
on molecular and atomic solids and liquids from the near
UV to the far-infrared. These atomic and molecular
data are contained in a sub-database that includes a
spectroscopic band list (band central wavelength, band
width, peak and integrated intensities, vibration
mode, quantum numbers, isotopic species, reference,
accuracies) for molecular and atomic solids and
liquids in different condensed phases (amorphous and
crystalline solid ice phases and in the liquid phase) and at
several temperatures. Around 2000 bands from more
than 30 different molecular solids in about 50 different
phases will be included in the first phase of the
database. Another sub-database will contain the physical
properties of atomic and molecular solids (crystallogra-
phy, thermodynamic properties, spectroscopic band list).
Such a compilation is already completed for the vapour
pressure of 53 molecular solids with almost 2000 data
points tabulated at temperatures (T) from 15 to 280 K
[16]. Access to these databases is by a web-based
interface. Visualization of bands (intensity versus posi-
tion) will be provided as well as spectral and intensity
unit transformation. Downloads in different standard
formats will be provided.
3.7. University of Manchester Institute of Science and

Technology (UMIST) database for astrochemistry

The UMIST database for astrochemistry [17] (http://
www.udfa.net/), which was created by Millar et al. [18] in
1991, provides a fundamental set of reaction rate data and
related software for use in chemical kinetic modelling of
astronomical regions. It was last updated in 2006.
3.8. Kinetic database for astrochemistry (KIDA)

KIDA is a database that will contain all chemical
reactions used in the modelling of the chemistry in the
interstellar medium and in planetary atmospheres. KIDA
is in a consultation phase; a preliminary version was
released in June 2009 (http://kida.obs.u-bordeaux1.fr) and
a more complete version is due in 2010. The data in KIDA
will be regularly updated by the users themselves, under
the control of a group of experts, and will be regularly
evaluated by its steering committee.

www.damtp.cam.ac.uk/user/astro/chianti/<!--/ti-->
www.damtp.cam.ac.uk/user/astro/chianti/<!--/ti-->
www.damtp.cam.ac.uk/user/astro/chianti/<!--/ti-->
www.damtp.cam.ac.uk/user/astro/chianti/<!--/ti-->
http://www.ph1.uni-koeln.de/vorhersagen/
http://www.ph1.uni-koeln.de/vorhersagen/
http://spec.jpl.nasa.gov/
http://basecol.obspm.fr
http://ghosst.obs.ujf-grenoble.fr
http://ghosst.obs.ujf-grenoble.fr
http://www.udfa.net/
http://www.udfa.net/
http://kida.obs.u-bordeaux1.fr
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3.9. Polycyclic aromatic hydrocarbon spectral database

The CESR (Centre d’Etude Spatiale des Rayonnements/
CNRS)-Cagliari spectral database of polycyclic aro-
matic hydrocarbons (PAHs) and carbon clusters
(http://astrochemisty.ca.astro.it/database/) makes avail-
able a number of properties for a sample of presently
about 60 species in four charge states: anion, neutral,
cation and dication [19]. The properties were determined
in a homogeneous way using state-of-the-art quantum-
chemistry techniques, and include: (i) general energetics
such as electron affinity and ionisation energies, static
polarizability, permanent dipole moment, van der
Waals coefficients, symmetry, multiplicity and optimised
geometry of the ground electronic state; (ii) harmonic
vibrational analyses, i.e. normal modes, their frequencies
and IR activities; (iii) vertical electronic photoabsorption
cross-sections and complex frequency-dependent elec-
tronic polarisabilities in the linear regime.

3.10. LASP database

The LASP (Laboratorio di Astrofisica Sperimentale)
database (http://web.ct.astro.it/weblab/dbindex.html#
dbindex) is under development at the INAF—Catania
Astrophysical Observatory. It provides (i) infrared (IR)
spectra of molecules in the solid phase (T=10–100 K) for
both pure species and their mixtures before and after
processing with energetic ions (30–200 keV) and UV
photons (10.2 eV) [20,21,22]; (ii) IR optical constants of
molecules in the solid phase as well as optical constants of
frozen molecules after processing with energetic ions
(30–200 keV) [23,24]; (iii) band strengths of the most
relevant IR absorption bands [25,26]; and (iv) density
values of frozen samples [26,27]. This database is
particularly useful for detailed studies of the profile
(shape, width and peak position) of absorption bands of
solid phase molecules observed in astronomical spectra
recorded in the direction of interstellar molecular clouds,
as well as estimating the column density of the observed
species. The optical constants will be useful in those
instances for which a direct comparison between labora-
tory and astronomical spectra is not possible.

3.11. Stark-B

The Stark-B (http://stark-b.obspm.fr) [28] database is a
collaborative project between the Astronomical Observatory
of Belgrade and the Laboratoire d’Etude du Rayonnement
et de la mati�ere en Astrophysique. This is a database of
calculated widths and shifts of isolated lines of atoms and
ions due to electron and ion collisions. This database is
devoted to modelling and spectroscopic diagnostics of
stellar atmospheres and envelopes. In addition, it is also
relevant to laboratory plasmas, laser equipment and
technological plasmas. Hence the range of temperatures
and densities covered by the tables is wide and depends on
the ionization degree of the considered ion. The temperature
can vary from several thousands Kelvin for neutral atoms to
several hundred thousands of Kelvin for highly charged ions.
The electron or ion density can vary from 1012 (in the case of
stellar atmospheres) to several 1019 cm�3 (in some white
dwarfs and some laboratory plasmas).

3.12. Spectr-W3

The Spectr-W3 project [29] is a collaboration between
the Russian Federal Nuclear Centre All-Russian Institute of
Technical Physics (RFNC VNIITF) and the Institute for High
Energy Densities of the Joint Institute for High Tempera-
tures of the Russian Academy of Sciences (IHED JIHT RAS).
To date, the Spectr-W3 atomic database contains about
450,000 records and includes experimental, calculated
and compiled data on ionization potentials, energy levels,
wavelengths, radiation transition probabilities and oscil-
lator strengths, and also parameters for analytic approx-
imations for electron-collision cross-sections and rates for
atoms and ions. These data were extracted from publica-
tions or provided directly by the authors. All the
information is supplied with references to the original
sources and comments, elucidating the details of experi-
mental measurements or calculations.

The Spectr-W3 information-reference system is im-
plemented as an on-line web resource providing free
access to the Spectr-W3 atomic database and the
relevant additional information. The Spectr-W3 site
(http://spectr-w3.snz.ru) has been operating on the web
since 2002. The Spectr-W3 web-resource averages more
than 50 visiting sessions per day. A number of experts also
use the fully functional local version of the Spectr-W3

database, Spectr-CD, created for the off-line operation on
Windows PCs. The Spectr-CD setup package is available
on the Spectr-W3 homepage.

3.13. Databases maintained at IAO

The V.E. Zuev Institute of Atmospheric Optics (IAO) in
Tomsk (http://www.iao.ru/) hosts a number of molecular
databases accessible via either the internet or ftp includ-
ing the following:
(a)
 The carbon dioxide spectroscopic databank (CDSD)
[30] (http://cdsd.iao.ru and ftp://ftp.iao.ru/pub/
CDSD-2008) which contains calculated spectral line
parameters for seven isotopologues of carbon dioxide
in the 5–12,784 cm�1 wavenumber range.
(b)
 The spectroscopy & molecular properties of ozone
(S&MPO) relational database [31], see http://ozone.
iao.ruhttp://ozone.univ-reims.fr/, is a user-friendly
information system, developed in collaboration with
the University of Reims. It contains a well-established
and unique database of spectral line parameters for
the ozone molecule, experimental UV cross-sections,
information on ozone’s molecular properties, updated
reference lists classified by type as well as programs
and extended facilities for user applications involving
original FTS experimental data in the IR range.
(c)
 ‘‘Spectroscopy of atmospheric gases’’ (http://spectra.
iao.ru): is a compilation that contains the well-known
databases such as HITRAN [32], GEISA [33] and HITEMP

http://astrochemisty.ca.astro.it/database/
http://web.ct.astro.it/weblab/dbindex.html#dbindex
http://web.ct.astro.it/weblab/dbindex.html#dbindex
http://stark-b.obspm.fr
http://spectr-w3.snz.ru
http://www.iao.ru/
http://cdsd.iao.ru
ftp://ftp.iao.ru/pub/CDSD-2008
ftp://ftp.iao.ru/pub/CDSD-2008
http://ozone.iao.ruhttp://ozone.univ-reims.fr/
http://ozone.iao.ruhttp://ozone.univ-reims.fr/
http://spectra.iao.ru
http://spectra.iao.ru
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[34]. Both ‘‘spectroscopy of atmospheric gases’’ and
S&MPO have the programs for simulation of synthetic
spectra from microwave to visible wavelengths.
(d)
 Water internet @ccessible distributed information
system (W@DIS) (http://wadis.saga.iao.ru) is a system
based on data collected by the International Union of
Pure and Applied Chemistry (IUPAC) Water-Vapor
Task Group [35] which assimilates experimental
water-vapour spectroscopy data from the literature
and calculated line lists. W@DIS contains energy
levels, transition positions and line intensities, and
line profile characteristics. This project aims to
include both the best theoretical as well as experi-
mental data in the gas phase that have been generated
for water (including all its important isotopologues).
3.14. Databases under the management of IVIC/CeCalCULA

These include:
(a)
 TIPTOPbase [36], located at the Centre de Données
astronomiques de Strasbourg, France (http://cdsweb.
u-strasbg.fr/topbase/home.html), contains the atomic
data computed in the Opacity Project and Iron Project,
namely energy levels, gf-values, A-values, photoioni-
zation cross sections and electron impact cross
sections and rates for light chemical elements with
atomic number, Z=1–28.
(b)
 OPserver [37], located at the Ohio Supercomputer
Center, USA, (http://opacities.osc.edu/), is a remote,
interactive server for the computation of mean
opacities for stellar modelling using the monochro-
matic opacities computed by the Opacity Project. It
can be accessed through a web portal or from a stellar
modelling code, in the latter case by downloading
locally a linkable subroutine library. (c)xstarDB [38] is
the atomic database used by the XSTAR code for
modelling photoionised plasmas.
3.15. HIgh-resolution TRANsmission molecular absorption

database (HITRAN) [32]

The atmospheric and planetology research commu-
nities make extensive use of the HITRAN [32] and GEISA
[33] databases. The widely used HITRAN database lists
individual line parameters for molecules in the gas phase
from the microwave through to the UV spectral region as
well as photoabsorption cross-sections for many mole-
cules. It also lists refractive indices of several atmospheric
aerosols. The line-by-line portion of the database contains
spectroscopic parameters for 42 molecules (and their
significant isotopologues). HITRAN lists line positions,
intensities, Einstein A-coefficients, halfwidths and asso-
ciated properties, lower-state energies, statistical weights
of the upper and lower levels of the transitions, and a
system for the representation of quantum identifications
and enhanced referencing and uncertainty codes. In
addition, there is a provision for making corrections
to the broadening of line transitions due to line mixing.
This portion of the HITRAN compilation currently contains
about 2�106 individual transitions.

The cross-section portion of HITRAN contains experi-
mentally determined absorption cross-sections for many
gases that are not amenable to a line-by-line representa-
tion. These gases include the fluorochlorocarbons, heavy
oxides of nitrogen, and molecular species with very low-
frequency fundamental modes.

There is also a portion of the HITRAN compilation that
consists of aerosol indices of refraction for many particu-
lates found in the terrestrial atmosphere.

A new version of HITEMP, a high temperature exten-
sion to HITRAN, has just been released [34]. So far HITEMP
only contains data for five species (water, CO2, CO, NO
and OH), but the extension to elevated temperatures leads
to a vast increase in the number of spectral lines in the
database.

3.16. The National Institute of Standards and Technology

(NIST) atomic database

NIST has been a major centre for A&M data compila-
tion and has developed a number of numerical and
bibliographic A&M databases. The largest of these, the
atomic spectra database [39] contains evaluated data
on about 77,000 energy levels and 144,000 spectral
lines from atoms and ions of 99 elements. It is being
continually updated and new versions appear several
times a year. The Handbook of Atomic Spectroscopic Data
[40] contains energy levels and prominent spectral lines
for neutral and singly ionised atoms. The Spectral Data for
the Chandra X-Ray Observatory database [41] presents
critically compiled wavelengths (20–170 Å), energy levels,
line classifications, and transition probabilities for several
astrophysically important elements. Three bibliographic
databases contain references on atomic energy levels and
spectral lines, transition probabilities and spectral line
shapes and line broadening and are updated daily. Finally,
there are two non-local thermodynamic equilibrium
(NLTE) population kinetic databases containing theoreti-
cal benchmark data [42,43].

4. User communities

Atomic and molecular data are indispensable in many
scientific and technological areas: indeed the limited
availability of accurate qualitative information on the
properties of such A&M processes and on spectroscopic
characteristics of participating atomic and molecular
species remains a major restriction for the development
of many of these scientific and technological fields. Here
we present a few examples drawn from recent reviews for
different research fields as examples of how VAMDC may
address such a ‘roadblock’ and hence impact these and
other fields of research.

4.1. Atmospheric science

Understanding the physics and chemistry of the
terrestrial atmosphere and thence climate change with

http://wadis.saga.iao.ru
http://cdsweb.u-strasbg.fr/topbase/home.html
http://cdsweb.u-strasbg.fr/topbase/home.html
http://opacities.osc.edu/
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all its social and economic consequences has required the
construction of some of the largest, most complex
computational models in the world today [44]. The
development of such models is performed as an iterative
process that is often driven by experimental observations.
Such field observations are predominantly based on
spectroscopic techniques and hence require a rich and
diverse database of A&M photoabsorption cross sections
both to determine the absolute concentrations in the
terrestrial atmosphere and to quantify their role in
the atmospheric radiative transport problem. Such data
are then used to construct the models which predict the
influence of natural or anthropogenic phenomena in our
atmosphere. The models presently typically include about
100 species, with data drawn from both experiments and
theory which must be sourced, validated, tabulated and
cross referenced. One key exemplar is water vapour which
has a central role in the terrestrial atmosphere as both the
major absorber of incoming sunlight and the dominant
greenhouse gas [45]. A modern water spectroscopy
information system W@DIS is under construction as part
of an IUPAC task group [35].

4.2. Astrochemistry (and planetary science)

All astronomical and space observations and most
planetary explorations are necessarily remote observations
requiring spectroscopic and collisional data. Because of the
extraordinary range of physical conditions of temperature
density and radiation environments encountered in differ-
ent astrophysical objects and events, there is perhaps no
scientific field in which the need for access to reliable A&M
data is greater. Almost all the information about the
universe is brought to us by the photons and processes by
which they are created, modified and detected, being
largely the domain of atomic, molecular and optical physics.
For example cross sections and branching ratios for photo-
destruction processes are essential if we are to understand
the complex astro-chemical processes occurring in stellar
systems harbouring extra-solar planets.

4.3. Plasma technologies

Plasma-based technologies make up one of the largest
commercial industries in the world today. The selective
and highly anisotropic etching of materials and the
controlled deposition of thin films in the fabrication of
microelectronic structures are among the most important
methods of plasma-assisted materials processing, plasma
polymerisation and plasma-assisted surface modification.
Plasma-based processes are used in some 40% of the
steps in the manufacture of semi-conductor chips. For
modelling the behaviour and properties of such chemi-
cally active plasmas, detailed quantitative information is
required for the most important collisional and radiative
processes taking place both in the gas phase and on the
surfaces requiring an enormously detailed database [46].
Indeed the recognition of this need by industry is such
that several commercial databases have been developed
but they are often incomplete and, crucially, many lack
rigorous academic review. The A&M databases for most
technological plasma applications therefore remain in-
adequate for a full understanding of the corresponding
dynamics and full exploitation of the optimization of
these reactive plasmas. A coordinated international effort
to improve the current status of the A&M database
relevant to such plasma technologies has been high-
lighted by both academic and industrial communities for
the future advancement of technological development.

4.4. Lighting

General purpose lighting consumes about 25% of all
electricity produced, hence there is a great interest in
improving lighting technologies. However despite the
long and distinguished history of the lighting research
community in establishing the required databases, the
present status is still unsatisfactory particularly for the
innovative technology developments using new working
gas species (for example mercury-free fluorescent lamps,
pure Xe, phosphorous and metal alloys such as InSb).
Lapatovich [47] recently presented the need for a broad,
well-coordinated joint effort by the A&M and lighting
research communities to establish the necessary data-
bases for the development of future light sources.

4.5. Fusion energy research

Atomic and molecular collisional and spectroscopic
processes play an important role in magnetic fusion devices
as they influence the energy balance of the confined plasma,
the plasma transport and radiation properties, and are used
as the basis for many plasma diagnostic methods. The
design and operation of some vital fusion device systems,
such as neutral beam heating, impurity control and thermal
power and particle exhaust systems, require large amounts
of A&M collisional and spectroscopic data. The need for
coordination of A&M data acquisition efforts on an interna-
tional scale became evident at the beginning of the 1970s.
Assembling A&M data for fusion has been part of the central
programme of the International Atomic Energy Agency
(IAEA). The ITER programme brings new technological
and scientific challenges and thence new requirements for
the ALADDIN database (see http://www-amdis.iaea.org/
ALADDIN/) maintained by the IAEA.

4.6. Radiation sciences

The effect of increased exposure to low doses of
radiation in our daily lives has led to concerns that this
may have long-term health effects, e.g. through damage of
cellular DNA. Similarly, the use of ionizing radiation in
medical therapy relies on a better understanding of how
to control or induce damage of DNA within cancerous
tissue. Both problems are explored by the development of
complex radiotherapy models on the nanoscale, incorpor-
ating fundamental A&M data, for example, low-energy
electron collisions with the DNA components (e.g.
nucleobases) and other biomolecules such as nucleotides,
amino acids and in the study of cellular walls and lipids.

http://www-amdis.iaea.org/ALADDIN/
http://www-amdis.iaea.org/ALADDIN/
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However the database both for the spectroscopy and
collisional cross sections for such compounds is scarce
and to date has not been assembled in a single validated
database. The VAMDC will provide the infrastructure
within which this may be enacted.

5. Current efforts for A&M standards

Some prototype services and tools (http://voparis-
molecular.obspm.fr) have been designed to automatically
access the BASECOL [48,49] and CDMS [50,51] databases.
These developments are based on the definition of
standards [52,53] for the exchange of atomic and mole-
cular physics data which are carried out within the context
of the International Virtual Observatory Alliance (IVOA,
http://www.ivoa.net/) for line lists [54]. The VAMDC’s
activities are based on the use of an XML schema XSAMS
(XML Schema for Atomics & Molecular Spectroscopy) [55]
which has been developed under the auspices of the IAEA
and aims at describing atomic, molecular and particle-
surface interaction data in distributed databases around
the world. The VAMDC will test these standards and
propose new extensions to cover the large range of
different data types discussed above when necessary.

6. Conclusions

Atomic and molecular data play a key role in many
scientific areas. The tendency over many decades has been
for each area to develop its own specialised data reposi-
tories and associated protocols for accessing these data.
This is inefficient as improved data do not permeate all
communities rapidly and lead to significant duplication of
effort. There are associated issues with data accuracy and
validation: for example old and inaccurate data often
remain in use in some areas even after other areas have
adopted improved values. Use of disparate data sources also
leads to difficulties comparing or linking different models.

The Virtual Atomic and Molecular Data Centre
(VAMDC) aims to provide unifying structures which will
allow the interlinking of databases and information
systems worldwide. The VAMDC will develop the appro-
priate structures and protocols for this activity, while
leaving the provision of the actual data in the hands of the
experts in each particular field. This paper has set out the
initial scope of the VAMDC activity and the tools that will
be used to achieve its aims.
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