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Documenting VAMDC standards


License

All the documents and tutorials present in this repository are protected by the Creative Commons license CC BY-ND 4.0:

For the license detail, please visit: http://creativecommons.org/licenses/by-nd/4.0/

You are free to:


	Share - copy and redistribute the material in any medium or format for any purpose, even commercially.



Under the following terms:


	Attribution - You must give appropriate credit, provide a link to the license, and indicate if changes were made. You may do so
in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

	NoDerivatives - If you remix, transform, or build upon the material, you may not distribute the modified material.






VAMDC documentation and software versioning policy



	Guidelines and Procedures for VAMDC Document Standards, Schemas and Software Management  [v 11.07] [r 12.07]








Data access protocol, query language and dictionaries



	Data access protocol [v 12.07] [r 12.07]

	Change log for data-access protocol

	Query language  [v 12.07] [r 12.07]

	Change log for query language

	Dictionaries  [v 12.07] [r 12.07]








Data model







VAMDC e-science infrastructure uses a data model that is serialized in a XML schema called VAMDC-XSAMS schema. The links point to the latest release of the VAMDC-XSAMS schema (though the previous releases are left below for history)


	The VAMDC-XSAMS schema files can be downloaded below v1.0 [http://www.vamdc.org/downloads/vamdc-xsams-v1.0.tar.bz2]

	The VAMDC-XSAMS general reference guide can be viewed and can be downloaded [http://www.vamdc.org/documents/vamdc-xsams-guide_v12.07.pdf]

	The VAMDC-XSAMS change log to the reference guide is included in the PDF reference guide and is available on line here

	The automatically generated documentation of the schema can be viewed [http://www.vamdc.eu/documents/vamdc-xsams-doc-1.0] or downloaded [http://www.vamdc.org/downloads/vamdc-xsams-doc-v1.0.tar.bz2]

	The description of quantum numbers for molecules are done using different sets of quantum numbers packaged in “cases” related to the the type of molecule. The following documentation is compulsory in order to implement molecular databases or in order to understand the content of XSAMS files for molecules. This documentation called “case-by-case” schema documentation can be viewed here [http://www.vamdc.eu/documents/cbc-1.0]






Registry



	Registry user’s guide [v 12.07] [r 12.07]

	Change log for registry guide








Units



	Unit Conversion Table  [v 11.12] [r 12.07]








InChI Generation



	InChI/InChIKey [v 11.12] [r 12.07]








XSAMS Processor service



	Data consumer protocol [v 12.07] [r 12.07]








Downloads

Below are links to documents available for download.









	document
	release 11.05
	release 11.12
	release 12.07




	data access protocol
	v11.05 [http://www.vamdc.org/documents/vamdc-tap_v11.05.pdf]
	v11.12 [http://www.vamdc.org/documents/vamdc-tap_v11.12.pdf]
	v12.07 [http://www.vamdc.org/documents/vamdc-tap_v12.07.pdf]


	XSAMS Processor protocol
	
	v11.12 [http://www.vamdc.org/documents/xsams-consumer_v11.12.pdf]
	v12.07 [http://www.vamdc.org/documents/xsams-processor_v12.07.pdf]


	query language
	v11.05 [http://www.vamdc.org/documents/querylanguage_v11.05.pdf]
	v11.12 [http://www.vamdc.org/documents/querylanguage_v11.12.pdf]
	v12.07 [http://www.vamdc.org/documents/querylanguage_v12.07.pdf]


	dictionary
	v11.05 [http://www.vamdc.org/documents/dictionary_v11.05.pdf]
	v11.12 [http://www.vamdc.org/documents/dictionary_v11.12.pdf]
	v12.07 [http://www.vamdc.org/documents/dictionary_v12.07.pdf]


	VAMDC-XSAMS schema
	v0.2 [http://www.vamdc.org/downloads/vamdc-xsams-v0.2.tar.bz2]
	v0.3 [http://www.vamdc.org/downloads/vamdc-xsams-v0.3.tar.bz2]
	v1.0 [http://www.vamdc.org/downloads/vamdc-xsams-v1.0.tar.bz2]


	VAMDC-XSAMS schema doc
	v0.2 [http://www.vamdc.org/downloads/vamdc-xsams-doc-v0.2.tar.bz2]
	v0.3 [http://www.vamdc.org/downloads/vamdc-xsams-doc-v0.3.tar.bz2]
	v1.0 [http://www.vamdc.org/downloads/vamdc-xsams-doc-v1.0.tar.bz2]


	VAMDC-XSAMS reference guide
	v0.2 [http://www.vamdc.org/documents/vamdc-xsams-guide_v0.2.pdf]
	v11.12 [http://www.vamdc.org/documents/vamdc-xsams-guide_v11.12.pdf]
	v12.07 [http://www.vamdc.org/documents/vamdc-xsams-guide_v12.07.pdf]


	VAMDC-XSAMS change log
	v0.2 [http://www.vamdc.org/documents/vamdc-xsams-changelog_v0.2.pdf]
	included in the XSAMS ref. guide
	


	Case-By-Case schema doc
	v0.2 [http://www.vamdc.org/documents/cbc_v0.2.pdf]
	view v.0.3 [http://www.vamdc.org/documents/cbc-0.3/]
	view v.1.0 [http://www.vamdc.org/documents/cbc-1.0/]


	registry guide
	v11.05 [http://www.vamdc.org/documents/registry-guide_v11.05.pdf]
	v11.12 [http://www.vamdc.org/documents/registry-guide_v11.12.pdf]
	v12.07 [http://www.vamdc.org/documents/registry-guide_v12.07.pdf]


	Species identification (InChI)
	
	v11.12 [http://www.vamdc.org/documents/VAMDC-InChI_v11.12.pdf]
	








Changelog


	2011-05-27: First release of standards.  Version 11.05



	2011-12-21: Second release of standards. Version 11.12



	
	2012-08-06: Third(final) release of standards. Version 12.07

	
	Updates in VAMDC-TAP

	dictionaries updates

	VAMDC-XSAMS 1.0

	Final XSAMS Processor service protocol
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Guidelines and Procedures for VAMDC Document Standards, Schemas and Software Management  [v 11.07] [r 12.07]



	Introduction

	Software and Schemas version numbers

	Document Format

	How to Publish a Document

	Working Drafts, Proposed Recommendation, Recommendation

	Document/Software Distribution

	The Document/Software Collection
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Introduction

The collection of VAMDC documents and softwares is published on the VAMDC website (http://www.vamdc.org) under
the supervision of the VAMDC Document/Software Coordinator (hereafter refered as VDSC).

The VAMDC Document/Software Coordinator is currently L. Nenadovic (CNRS).


	Published items are of different kinds:

	
	Schemas describing different data models

	Auto-generated Documentation from schema

	Documents describing standard procedures adopted within VAMDC

	Softwares

	Auto-Generated Documents from Software

	Software Reference Guide










Software and Schemas version numbers

Version numbers of software and schemas can be independent of version numbers of
the related documents describing those softwares and schemas.

Nevertheless auto-generated documentation from schema or software is directly linked to
the product they document and their version number is the same as the documented
product.

The version number for schemas is given by [#.#] starting at [0.1] and increasing
by 0.1 for each new update of the schemas.

The various softwares depend upon several standard procedures and schemas, that
are released within VAMDC at regular time. Whether softwares are updated or not at each release,
the software version adopts the Release number, given by [Year.Months] (Year being the
last two digits of the running year).

Between the official VAMDC releases, the software version numbering would be constructed
with the previous Release number [Year.Months] and a revision number giving [Year.MonthsR#]


	Version and Release Numbers in the VAMDC Document Collection



Auto-generated Documentation from schemas and from Softwares have the version number
of the corresponding schemas and softwares.

All other documents have a version number given by their time of release. Whether the
documents are updated or not at each release, the document version adopts the Release number,
given by [Year.Months] (Year being the last two digits of the running year).

Between the official VAMDC releases, the document version numbering would be constructed
with the previous Release number [Year.Months] and a revision number giving [Year.MonthsR#]




Document Format

Authors are strongly encouraged to start from one of the VAMDC document templates (put a link
to the place where templates can be found), available in
either Word or TeX. These help to ensure a common style and enables the VDSC to perform a
lossless conversion to other common formats like PDF with minimum effort.

The VAMDC WP6 working group has adopted the use of SPHINX (put a link) in order to create easily
either PDF or HTML pages, and authors may want to use the same software in order to produce
homogeneous documentation for VAMDC.




How to Publish a Document

Documents are entered into the VAMDC document collection by the VDSC in response to a
request from the Work Packages Leader or the person primarily responsible for editing a
particular document.

Documents are sent via zip directories to the VDC and publication occurs within
5 working days.




Working Drafts, Proposed Recommendation, Recommendation

VAMDC official documents begin as Working Drafts. Working Drafts are under the responsability
a Work Package working group.  Working Drafts may undergo numerous revisions during their development.

Working Drafts will not be included in the formal VAMDC document collection, but rather will be
maintained by the responsible working group on the VAMDC Document repository (GitHub).

Such works-in-progress should carry the version number of the previous recommendation with
the revision number [#.#r1], the status is set to “Working Draft” and the date is compulsory.

Working Drafts should be developed, and utilize the above version numbering scheme, within
the standard VAMDC document templates.

Once a Work package working group has reached internal agreement on a document, the
document becomes a Proposed Recommendation keeping its last labelling  [#.#r#], having
a status set to “Proposed Recommendation” and including the date.
The chair of the working group submits
the Proposed Recommendation to the Document Coordinator for publication in the VAMDC
Document Collection.
If the Proposed Recommendation is amended, the version does not change, only the
revision number and the date are updated. During this amendement period, the different
revisions are carried out on GitHub.

Once the Proposed Recommendation is accepted, the document becomes a Recommendation
document with the new version number, increased by 0.1 compared to previous
version, no revision number, a new date. Its status is “Recommended”.

The Recommended Documents are published at the the time of Release with Html and PDF
versions.




Document/Software Distribution

The VAMDC document/software collection is the primary source for VAMDC documents.
VAMDC users, especially from outside the core collaboration, should always be directed
to the document/software collection rather than be sent private copies of documents/softwares.




The Document/Software Collection

The VAMDC document/software collection keep track of the different Releases and Recommended
Documents. The Proposed Recommendations are maintained on the VAMDC document/software collection
prior to recommendation, and are then removed when the document/software is approved.
All other revisions are kept on GitHub.
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Data access protocol [v 12.07] [r 12.07]



	The VAMDC variant of the Table Access Protocol (TAP)
	Required features

	Query language

	Format of results

	Standard view of database

	VOSI availability

	VOSI capabilities

	Registration

	HTTP Header Information

	HTTP Status Codes

	Making a synchronous query

	Volume limitation example

	Standard Compliance Checklist





	References

	Change log for data-access protocol
	Changes between v11.05 and v11.12

	Changes between v11.12 and v12.07
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The VAMDC variant of the Table Access Protocol (TAP)

Many data-sets in VAMDC include information that can be rendered in the VAMDC-XSAMS data model. Data in that common model could be transformed to and from a table model which uses the same columns for all data-sets. If all the data-sets had this table model as part of the schemata of their databases, then a SQL query to that model would work on all data-sets, and the results could be written in a common format.

VAMDC-TAP is a protocol for data-access services that provide the common table model matching VAMDC-XSAMS and which can return the results of queries in VAMDC-XSAMS. VAMDC-TAP services accept queries in a restricted form of SQL (VSS2: VAMDC SQL Sub-set #2) and return results in VAMDC-XSAMS or in certain tabular formats. Implementations of VAMDC-TAP map queries from the common table-model to the actual schemata of their databases.

VAMDC-TAP provides “virtual data”. I.e., it associates data selection criteria, defined by a query text, with an archived data-set, defined by the address to which the query is sent, the two combined in one URL. Each such URL represents the results of the query as if they had been pre-computed and stored on a web server. The data URLs are semi-permanent; they can be copied between application, bookmarked, emailed to colleagues, etc.

VAMDC-TAP is based on IVOA [http://www.ivoa.net/] ‘s Table Access Protocol [http://www.ivoa.net/Documents/TAPRegExt/20110127/index.html] (TAP). TAP already provides virtual data and allows us to plug in our query language VSS2 and our data model VAMDC-XSAMS.

VAMDC-TAP is defined as a web-service protocol. That means that VAMDC-TAP services are driven by GET and POST requests to HTTP (or HTTPS) URIs. Low-level details of the protocol are defined by the HTTP RFCs. Further, the service can be implemented in any language and on any database engine without breaking interoperability.

Section 1.2 lists the features required in a conforming VAMDC-TAP service. Sections 1.3 to 1.9 inclusive define details of these features. Section 1.10 is not part of the specification but instead explains how to form and execute a VAMDC-TAP query.


Required features

A VAMDC-TAP implementation must be organized as a TAP service.  This means that the implementation must be a RESTful web-service and must provide web resources in the pattern mandated by TAP.

In the TAP standard, some features are mandatory and some are optional. VAMDC-TAP uses a sub-set of the mandatory features and some of the optional ones.

A VAMDC-TAP service must support at least the following features:


	synchronous data-query, as specified in TAP.

	XML description of service capabilities as specified in TAP by reference to the Virtual Observatory Support Interfaces [http://www.ivoa.net/Documents/VOSI/20100311] (VOSI) standard

	VSS2 query language

	XSAMS as an output format

	a standard view of the relational data (see below)

	VOSI availability readout

	VOSI capabiliies readout



If the service provides all of these features then it may be registered as VAMDC-TAP.

A VAMDC-TAP service should support all the mandatory features of TAP. If it does so, it may be registered as both VAMDC-TAP and as TAP. (See section below for an explanation of the distinction.)

If a VAMDC-TAP service is to be registered as both TAP and VAMDC-TAP, then it should provide the VOSI output that specifies the details of tables and columns for use in queries. Without these metadata TAP is very hard to use.

A VAMDC-TAP service may support output formats other than XSAMS. The most-useful formats are tabular: VOTable for virtual-observatory integration and CSV for use in spreadsheets. If the service is to be registered as a TAP service, the TAP standard says that the service must support VOTable.

A VAMDC-TAP service may support query languages other than VSS2. If the service is to be registered as a TAP service, the TAP standard says that the service must support Astronomical Data Query Language (ADQL).




Query language

A VAMDC-TAP service must support VAMDC SQL sub-set #2 or VSS2 as its primary query-language. This language is specified in a query by setting the HTTP parameter LANG to VSS2. The service must not be sensitive to the case of the parameter value, but clients should use upper case for this value.




Format of results

A VAMDC-TAP service must support XSAMS as its primary output-format. This format is specified in a query by setting the HTTP parameter FORMAT to XSAMS. The service must not be sensitive to the case of the parameter value, but clients should use upper case for this value.

When the format is XSAMS, the service must return the results with the MIME type application/x-xsams+xml. The service must not use text/xml for these results.

TAP allows the value of the FORMAT parameter to be either the MIME type of the results or a keyword denoting the format. The MIME type for XSAMS is ambiguous and can easily be confused with VOTable or other XML formats. Clients must not use the MIME type when specifying XSAMS output.




Standard view of database

A VAMDC-TAP service must provide a relational view of its database that can be queried using the SQL-sub-set language VSS2. VSS2 has no FROMs clause, so VSS2 queries implicitly address the database as a single table. A VAMDC-TAP service must be arranged to support this.

When implementing a VAMDC-TAP service for a particular database, the implementor must define the restrictable quantities: these are the columns of the standard view on which constraints may be placed in the WHERE clause of a query. The restrictables must be taken from the set defined in VAMDC’s standard dictionary, in which the names, data types, units and semantics are specified. A given implementation need not support every item in the dictionary. The restrictables for a service must be noted in the service’s registration.

The implementor of a service must also define the returnables: these are the terms from the VAMDC dictionary which will appear in the results of a query. The returnables must also be noted in the registration.

If a service supports both TAP and VAMDC-TAP, the tables available for a TAP query need not be related to the standard view. One of the main reasons for supporting TAP is to give access to a wider range of tables.




VOSI availability

Notes on service availability, current and planned, are provided in an XML document. The availability metadata help in monitoring the VAMDC system and in managing downtime. A service installation may use the availability document to announce a number of conditions, including planned down-time for maintenance and unavailability of the database when the web service itself is available.

A VAMDC-TAP service must provide the availability document, in the form defined by IVOA’s Virtual Observatory Support Interfaces (VOSI) standard, at the location mandated by the TAP standard.




VOSI capabilities

A service “capability” is an XML element describing the use of one aspect of the service. The capability states the URL for accessing that aspect and may add other metadata. A VAMDC-TAP installation will have a sequence of capabilities for different aspects, including a primary capability for the query protocol itself; the capabilities are distinguished by their standardID attributes.  This sequence of capabilities is combined into the capabilities (XML) document and that document is copied from a URL on the VAMDC-TAP service into the VAMDC registry to form the machine-readable part of the registration.

A VAMDC-TAP service must provide the capabilities document as defined by Virtual Observatory Support Interfaces (VOSI) standard, at the location mandated by the TAP standard.

A VAMDC-TAP service must include the following capabilities in its capabilities document.
(The notation {x}y for an XML type indicates the type x in the namespace y.)


	The VAMDC-TAP protocol, with structural type {http://www.vamdc.org/xml/VAMDC-TAP/v1.0}VamdcTap and standard ID ivo://vamdc/std/VAMDC-TAP.

	The generic protocol TAP, with structural type {http://www.ivoa.net/xml/VOResource/v1.0}Capability and standard ID ivo://ivoa.net/std/TAP.

	The capabilities, with structural type {http://www.ivoa.net/xml/VOResource/v1.0}Capability and standard ID ivo://ivoa.net/std/VOSI#capabilities.

	The availability, with structural type {http://www.ivoa.net/xml/VOResource/v1.0}Capability and standard ID ivo://ivoa.net/std/VOSI#availability.



In the capabilities document, structural types must be stated using the xsi:type attribute, except where the default type, {http://www.ivoa.net/xml/VOResource/v1.0}Capability, is used.

The XML schemata defining the parts of the registration are available on-line.







	Namespace
	Location of schema




	http://www.vamdc.org/xml/VAMDC-TAP/v1.0
	http://www.vamdc.org/xml/VAMDC-TAP/v1.0


	http://www.ivoa.net/xml/VOResource/v1.0
	http://www.ivoa.net/xml/VOResource/v1.0


	http://www.ivoa.net/xml/VODataService/v1.1
	http://www.ivoa.net/xml/VODataService/v1.1


	http://www.ivoa.net/xml/VODataService/v1.0
	http://www.ivoa.net/xml/VODataService/v1.0


	http://www.ivoa.net/xml/VOSICapabilities/v1.0
	http://www.vamdc.org/downloads/xml/VOSI-capabilities-1.0.xsd





The capabilities document should refer to these schemata using the xsi:schemaLocation attribute on the document element. This makes it easier to validate the document. However, the registration process will still work in the absence of xsi:schemaLocation.


VAMDC-TAP specific capabilities information

The following information must be included in VAMDC-TAP capability registration block:


	Service access URLs, including mirrors addresses, in interface/accessURL elements



	Implemented version of standards in versionOfStandards element, 12.07 for current standards.



	Node software implementation used, including version, in versionOfSoftware element



	Collection of sample queries in sampleQuery elements, that may be used for node monitoring task
or to give an overview of contained data and query strategies for the node.

Sample queries must correspond to the following criterias:



	must be executed quickly (within seconds)

	must result in valid XSAMS documents provided as the response

	must result in documents that return a portion of all the specific database content,
i.e. all the elements that may be returned in documents for any query should be
returned in at least one document returned as a response to sample query.








	A set of returnable keywords, indicating the major elements filled in XSAMS.
If node software is not using returnable keywords internally, only a brief set of most important keywords that are specific to this database may be returned.



	A set of restrictable keywords that may be used to query the node.
See the Dictionary document for supported restrictable and returnable element values.










Registration

A VAMDC-TAP service must be registered. The registration document must be of type CatalogService (v1.0) [http://www.ivoa.net/xml/VODataService/v1.0] or CatalogService (v1.1) [http://www.ivoa.net/xml/VODataService/v1.1] as defined by IVOA (i.e. it must use the VODataService standard in either of two versions).

The registration must include the capability elements copies from the capabilities document described above.




HTTP Header Information


Statistics

A VAMDC-TAP service should provide information/statistics about the amount of
data that will be returned for a specific query in the HTTP headers of the
reply to the query. This allows a clent (e.g. the portal) to use the HEAD method
(instead of GET) on the same query-URL to gather information before the query
is acutally executed and the data transferred.

The names of the headers to be used are


	VAMDC-COUNT-ATOMS

	VAMDC-COUNT-MOLECULES

	VAMDC-COUNT-SPECIES

	VAMDC-COUNT-SOURCES

	VAMDC-COUNT-STATES

	VAMDC-COUNT-COLLISIONS

	VAMDC-COUNT-RADIATIVE

	VAMDC-COUNT-NONRADIATIVE



Their values should be the count of the corresponding blocks in the XSAMS
schema, e.g. the number of radiative transitions that will be returned for this
query. With a reasonable database layout the nodes should easily be able to
gather these numbers by running COUNT queries on their corresponding tables.




Volume limitation

A VAMDC-TAP service can limit the amount of data it returns via the synchronous
interface, for example to prevent the fetching of the whole database or for
performance reasons. The service must then fill the HTTP-header of the response
with the field VAMDC-TRUNCATED that contains the percentage that the returned
data represent with respect to the total amount available for that query. It is
up to each service to decide both where and if to put the limit and how to implement
it, for example the number of states or processes. Response documents for the queries that
lead to volume limitation must remain valid XSAMS, including all references between elements.




Document size estimate

VAMDC-APPROX-SIZE HTTP header is intended to provide the estimation of the size of the response document.
It should return an integer value, representing estimate uncompressed document size in megabytes.




Data modifcation time

A VAMDC-TAP service may add the Last-Modified header to a response. This header has the syntax and general
semantics specified for HTTP 1.1, but also has special meaning within VAMDC-TAP.

If this header is used, it must refer to the modification time of the database supplying the data extract.
The value of the header should be the time of the last change to the data actually used in forming the response.
If the service installation cannot supply this specific time it may use instead the time of last modification to
any relevant part of the database.






HTTP Status Codes

Following HTTP1.1 Status Codes must be implemented by the node software for the SYNC TAP endpoint:









	HTTP Code
	meaning
	Content type
	Response body




	200
	Request processed
normally, data is
present.
	application/x-xsams+xml
	XSAMS instance document


	204
	Request processed,
but no matching
data found
	none
	none


	400
	bad request with
malformed query
string or missing
restrictable
	unspecified, may be
application/x-votable+xml
	unspecified, may be a
votable with error message


	404
	not used, will be
encountered if the
endpoint is wrong
	unspecified, may be
application/x-votable+xml
	unspecified, may be a
votable with error message


	500
	internal crash
	unspecified, may be
application/x-votable+xml
	unspecified, may be a
votable with error message








Making a synchronous query

The base URL for a TAP service can be discovered from the registry. From this, the access URL for the query can be derived: add /sync [1] to the base URL and then add parameters to define the specific query.








	Parameter name
	Meaning
	Supported values in VAMDC-TAP




	REQUEST
	Requested operation
	doQuery


	LANG
	Name of query language
	VSS2


	FORMAT
	Format for results of query
	XSAMS, VOTABLE, application/xml [2]


	QUERY
	Text of query
	As per query language





Parameter names are insensitive to case: service implementations must accept any mix of case.

The parameter values are URL-escaped to replace illegal characters with hexadecimal codes (e.g. each space is replaced by %20). In practice, only the QUERY parameter needs to be escaped. Clients of the service must escape the parameters before sending the request.

This is a plausible example of a query URL, fully decorated with parameters:

http://some.server/some/path/sync?REQUEST=doQuery&LANG=VSS2&FORMAT=XSAMS&QUERY=select%20*





Here, the base URL, found in the registry, is http://some.server/some/path. The query is SELECT * .

The query is initiated by an HTTP-GET request to the access URL. The HTTP response carries the results of the query in the specified format.




Volume limitation example

Volume example is implemented for the Django-based prototypes and
activated for the VALD node which now returns max 1000 transitions (plus
corresponding states and sources, of course). Similar limits are easily done
for the other nodes in a few lines of code. In addition to the HTTP-header, the
VAMDC-XSAMS generator also puts a comment into the beginning of the XML-document
which also notifies of the truncation.

For example, a query like this:

wget -S -O bla.xml "http://vamdc.fysast.uu.se:8888/node/vald//tap/sync/?REQUEST=doQuery&LANG=VSS2&FORMAT=XSAMS&QUERY=SELECT+*+WHERE+RadTransWavelengthExperimentalValue+%3E%3D+4000.0+AND+RadTransWavelengthExperimentalValue+%3C%3D+5002.0"





will show the HTTP-header as:

VAMDC-TRUNCATED: 2.9 %





In Django node software implementation you will also find the following section at the top of the returned XML:

<!--
  ATTENTION: The amount of data returned has been truncated by the node.
  The data below represent 2.9 percent of all available data at this node that
  matched the query.
-->








Standard Compliance Checklist

Each VAMDC node implementing VAMDC-TAP protocol must pass the requirements of the following checklist
to be fully interoperable within VAMDC infrastructure and do not interfere with other nodes.
This list is not exclusive, but if a node does not comply with any of the checklist items, it can not be
included into 12.07 public system.


	Node must return valid XSAMS documents as defined by the latest VAMDC-XSAMS standard in any case
when the response document is required.

	When database contains no data corresponding the query, node must respond with HTTP 204 Status Code,
with empty response body, both for HEAD and GET requests to the /sync endpoint of VAMDC-TAP protocol.

	Node must respond to the vss2 query SELECT SPECIES with an XSAMS document containing only species
information about all molecules, atoms and particles contained in node database, without states and processes
data. Response should be given within a reasonable amount of time, no more than 30 seconds.

	Node must support gzip content encoding of transferred data, as defined in HTTP specification.
This is employed to preserve the bandwidth and speed up the transfer of data, since XSAMS documents
compress very well.

	Node must support HTTP HEAD requests to the TAP sync endpoint, giving sensible values in VAMDC-COUNT-*
headers. Response to HEAD requests should be generated within a reasonable amount of time,
no more than 30 seconds. Values may be inaccurate, but should give a view on how much data will be
returned by the node for GET request.

	If node contains transitional data, it must support queries by RadTransWavelength, defining transition
wavelength in vacuum in Angstroms. Use of this keyword is a common convention for clients querying the transition data.

	Node must provide sensible sample queries in Capabilities registration.



Footnotes




	[1]	This access-URL identifies the web-resource for synchronous queries. Asynchronous queries are sent to a separate web-resource.







	[2]	Implies VOTable.
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Change log for data-access protocol


Changes between v11.05 and v11.12

The details of VOSI capabilities and registration were clarified. The XML schema with namespace http://www.vamdc.org/xml/VAMDC-TAP/v1.0 is now explicitly in force for the VAMDC-TAP registration. This formalizes the approach used in the 11.09 system.




Changes between v11.12 and v12.07


	Added mention of Last-Modified HTTP header.

	Replaced VSS1 mention with VSS2.

	Changed Mime-Type of XSAMS to be returned as application/x-xsams+xml

	Added Quality Assurance checklist chapter

	Explained VAMDC-TAP registration capabilities elements









          

      

      

    


    
         Copyright 2010-2012, VAMDC.
      Created using Sphinx 1.2.2.
    

  

    
      Navigation

      
        	
          index

        	
          next |

        	
          previous |

        	standards documentation 
 
      

    


    
      
          
            
  
Change log for data-access protocol


Changes between v11.05 and v11.12

The details of VOSI capabilities and registration were clarified. The XML schema with namespace http://www.vamdc.org/xml/VAMDC-TAP/v1.0 is now explicitly in force for the VAMDC-TAP registration. This formalizes the approach used in the 11.09 system.




Changes between v11.12 and v12.07


	Added mention of Last-Modified HTTP header.

	Replaced VSS1 mention with VSS2.

	Changed Mime-Type of XSAMS to be returned as application/x-xsams+xml

	Added Quality Assurance checklist chapter

	Explained VAMDC-TAP registration capabilities elements
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VSS1


Introduction

VAMDC SQL Subset 1 (VSS1) is a query language designed for the VAMDC-TAP web-services. A query in VSS1 defines an extract of an archive that a data service can return in an VAMDC-XSAMS document or in a tabular format.


Subset of SQL92

VSS1 is based syntactically on ISO SQL92 but discards almost all the features of that language. The only features remaining are those relevant to selecting data to build an VAMDC-XSAMS document; VSS1 contains no feature for modifying a database. VSS1 assumes VAMDC’s standard view of the database as a single table. This latter point means that there is only one visible table (which therefore does not need to be named in a query) and the column names are terms taken from the VAMDC dictionary.
This is an example of a VSS1 query:

SELECT ALL WHERE AtomNuclearCharge = 25 AND AtomIonCharge < 2





In the following definitions, VSS1 queries are assumed to be submitted by a client application  to a web-service. That service contains a query processor that converts the VSS1 query into a SQL query or set of queries, suitable for the relational database managed by the service. A request to the service contains the VSS1 text of the query and other parameters such as the desired formats of the returned results.




Interoperability and extensions

VSS1 is intended to be interoperable across all VAMDC databases.  The same query can be accepted at all database, even though different data are raised from each.

Making VSS1 fully interoperable and capable of easy implementation would exclude all the higher functions of SQL (mainly features of the WHERE clause, such as sub-queries). Where these features can easily be added to a particular query-processor it would be a beneficial to have them. Therefore, certain parts of SQL92 are noted as extensions to VSS1. A query containing extensions is not strictly valid VSS1 and therefore not interoperable across all database; it may work on particular database. Users and applications should normally use only valid VSS1, but may use extensions on queries written specially for individual databases.






Narrative definition (normative)

To be a valid in VSS1, a query must satisfy the syntactic rules of the SQL92 language.

VSS1 queries never alter the database to which they are applied.


	VSS1 query must be a SELECT statement.

	VSS1 queries must not contain the SQL92 keywords ALTER, CREATE, DELETE, DROP,  INSERT, REPLACE or UPDATE.

	VSS1 queries must not contain the SELECT ... INTO construction of SQL92.



VSS1 queries must not contain the JOIN keyword.

Column names used as operands in a VSS1 query must be terms taken from the VAMDC Restrictables dictionary. These columns names must not be qualified by the name of a schema or database.

All the terms in the dictionary are valid as column names on all databases with a VSS1 processor. The query processor must implement the translation of the dictionary terms to names of real columns in the underlying database.

VSS1 processors may accept only a sub-set of the dictionary keywords, corresponding to the content of the underlying database. This sub-set naturally varies between databases and the set of restrictables for a given database is normally made available to the clients of the database. Where a query includes restrictables not supported by a given VSS1 processor, the processor must reject the query; it must not process the query while ignoring the unsupported constraints.

When the results of a query are to be returned in VAMDC-XSAMS format, VSS1 queries should begin with SELECT ALL ...; the set of columns from which data are returned is implicitly chosen by the choice of VAMDC-XSAMS format. If such a query does specify a set of columns (e.g. SELECT AtomIonCharge WHERE ...), then the query processor should ignore that set and proceed as if the query were SELECT ALL. However, where the results of a query are to be returned in a tabular format, the query processor must respect the query’s selection of columns. In the latter case, if the query specifies a returnable not supported by the particular database then the processor should reject the query.

When processing a query that contains valid VSS1 plus extensions, the behaviour is defined by the implementation of the query processor. The processor may reject the query, or it may ignore the extensions that it does not support.

The following parts of SQL92 constitute VSS1 extensions: EXISTS, GROUP BY, HAVING, UNION, INTERSECT, EXCEPT, MINUS, ORDER BY, LIMIT, DECLARE, FETCH, CLOSE.




SQL92 syntax (informative)

The SQL92 standard [SQL92] should be consulted for the normative rules of syntax. These notes are for easy reference. VSS1 excludes so much of SQL that only the low-level aspects of the syntax are relevant.

SQL queries are written as text strings containing keywords, operators and operands separated by white space. Operands are names of tables and columns, sometimes called SQL identifiers or literal values. Identifiers and literals are sensitive to case; keywords and operators are not. There is a convention of writing keywords in upper case.

Queries can contain any Unicode character, but the keywords can be written using only ASCII characters. In VSS1, the valid identifiers also use only ASCII characters.

White space is required between keywords and operands but not between operators and operands.
A typical (simple) VSS1 query looks like this:

SELECT ALL WHERE AtomIonCharge>6





This query would be equally valid:

SELECT * WHERE AtomIonCharge > 6





Here, data are selected from the columns AtomIonCharge and AtomNuclearCharge (note the use of a comma-separated list to specify the columns) of the table States according to a criterion on the electronic charge of the ions.
String literals are delimited by single quotes (the ASCII apostrophe character) thus:

... WHERE AtomSymbol='Fe' ...





To include an apostrophe in a string, write two consecutive apostrophe-characters.
If an identifier contains ‘special characters’ (typically white space), it must be protected with double quotes thus:

SELECT * WHERE "silly column name" > 0...
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VSS2


Introduction

VAMDC SQL Subset 2 (VSS2) is a query language designed for the VAMDC-TAP web-services.
A query in VSS2 defines an extract of an archive that a data service can return in an VAMDC-XSAMS document or in a tabular format.


Subset of SQL92

VSS2 is based syntactically on ISO SQL92 but discards almost all the features of that language.
The only features remaining are those relevant to selecting data to build an VAMDC-XSAMS document; VSS2 contains no feature for modifying a database. VSS2 assumes VAMDC’s standard view of the database as a single table. This latter point means that there is only one visible table (which therefore does not need to be named in a query) and the column names are terms taken from the VAMDC dictionary.
This is an example of a VSS2 query:

SELECT Species WHERE AtomNuclearCharge = 25 AND AtomIonCharge < 2





In the following definitions, VSS2 queries are assumed to be submitted by a client application  to a web-service. That service contains a query processor that converts the VSS2 query into a SQL query or set of queries, suitable for the relational database managed by the service. A request to the service contains the VSS2 text of the query and other parameters such as the desired formats of the returned results.




Superset of VSS1


	VSS2 is a superset of VAMDC SQL Subset 1 (VSS1). It adds several aspects to VSS1:

	
	ability to specify the set of XSAMS branches to be returned, like Molecules, States, etc.

	ability to group restrictables related to different transition’s states and different products/reactants of the same reaction.








XSAMS branches selection


Keywords, defining the desired branches, may be specified in SELECT part of the query, like:

SELECT molecules where MoleculeStoichiometricFormula = "C10H20"





this query should return only a list of molecules, including references and excluding all the state-related or process-related information.

If query specifies a states or quantum numbers branch, parent species information should also be provided. Contrary the selection of species should not cause the output of states or quantum numbers.

For the full list of possible branch selectors, their behaviour and relations see the Requestables section of the VAMDC dictionary







Restrictables prefixes

Another addition is the prefixes for restrictables keywords, used for processes selection refinement.


	When selecting transition information, prefices to the state-related restrictables are grouping them by upper or lower state.
Examples:

Select * where lower.StateEnergy = 0 and upper.StateEnergy > 1000
select * where StateEnergy = 0 and upper.StateEnergy > 1000





Note: query

select * where StateEnergy < 100 and lower.StateEnergy>100





will (and must) return no results.

If the prefix is omitted in the query, constraints apply to both states of a transition.



	When selecting collision information, prefices are reactantX and productX, where X is a case-insensitive alphanumeric symbol [0-9A-Z] , defining a group of keywords applying to the single reactant. For the special case of two-particle collisions, in which it is necessary to distinguish the incident particle, the prefices target and collider may be used instead.

Example:

Select collisions,states where reactantA.AtomSymbol = "O" and reactantA.AtomIonCharge = 1 and reactant2.MoleculeStoichiometricFormula in ("HN","HC","C2")





would return all reactions data between [image: O^+] atomic ion and NH, CH or C2 molecules

Another example:

Select collisions,states where reactantA.AtomSymbol = "O" and ( reactantA.AtomIonCharge = 1 OR reactantA.AtomIonCharge = 2)





should return all reactions data of one or two times ionized oxygen atom.










Interoperability and extensions

VSS2 is intended to be interoperable across all VAMDC databases.  The same query can be accepted at all database, even though different data are raised from each.

Making VSS2 fully interoperable and capable of easy implementation would exclude all the higher functions of SQL (mainly features of the WHERE clause, such as sub-queries). Where these features can easily be added to a particular query-processor it would be a beneficial to have them. Therefore, certain parts of SQL92 are noted as extensions to VSS2. A query containing extensions is not strictly valid VSS2 and therefore not interoperable across all database; it may work on particular database. Users and applications should normally use only valid VSS2, but may use extensions on queries written specially for individual databases.






Narrative definition (normative)

To be a valid in VSS2, a query must satisfy the syntactic rules of the SQL92 language.

VSS2 queries never alter the database to which they are applied.


	VSS2 query must be a SELECT statement.

	VSS2 queries must not contain the SQL92 keywords ALTER, CREATE, DELETE, DROP,  INSERT, REPLACE or UPDATE.

	VSS2 queries must not contain the SELECT ... INTO construction of SQL92.



VSS2 queries must not contain the JOIN keyword.

Column names used as operands in a VSS2 query must be terms taken from the VAMDC dictionary.
Column names may be written in any mix of upper and lower case and query processors must treat all variations of case as equivalent.

Column names appearing in the WHERE clause must be taken from the Restrictables dictionary. These names may be qualified by a context, e.g. to distinguish between the upper and lower states of an electronic transition. The qualified name is written with the context name as a prefix to the restrictable name, separated by a full stop, e.g. upper.StateEnergy. The following contexts are defined in VSS2.


	reactantx (where x is any single character) associates column names with the nth reactant in a chemical network. E.g. reactant1.MoleculeInchiKey.

	productx (where x is any single character) associates column names with the nth product in a chemical network. E.g. product2.MoleculeInchiKey.

	collider associates column names with the incident particle in a collision. E.g. collider.AtomSymbol.

	target associates column names with the target particle in a collision. E.g. target.StateEnergy.

	upper associates column names with the higher-energy state of a transition. E.g. upper.StateEnergy.

	lower associates column names with the lower-energy state of a transition. E.g. lower.StateLifeTime.



Context prefices may be written in any mix of upper and lower case and query processors must treat all variations of case as equivalent. This includes the final character in the reactantx and productx prefices: reactantA must be treated as equivalent to reactanta.

The list of column names following the SELECT keyword, which specify the columns from which data are to be returned, must be taken from the Requestables dictionary, or must contain only the single keyword ALL (that keyword having its normal meaning in SQL92). Note that the ‘columns’ in this dictionary are composites. In a tabular representation of the results a requestable ‘column’ may produce multiple output-columns. In an XSAMS representation, a requestable ‘column’ may produce an XML fragment with significant sub-structure. Column names may be written in any mix of upper and lower case and query processors must treat all variations of case as equivalent.

The query processor must implement the translation of the dictionary terms to names of real columns in the underlying database.

VSS2 processors may accept only a sub-set of the dictionary keywords, corresponding to the content of the underlying database. This sub-set naturally varies between databases and the set of restrictables and requestables for a given database is normally made available to the clients of the database. Where a query includes restrictables or requestables not supported by a given VSS2 processor, the processor must reject the query; it must not process the query while ignoring the unsupported items.

A VSS2 processor should accept only the (possibly empty) sub-set of the context prefices that apply to its database. E.g. processors that have no data on reactions should reject the reactantx prefix.

When processing a query that contains valid VSS2 plus extensions, the behaviour is defined by the implementation of the query processor. The processor may reject the query, or it may ignore the extensions that it does not support.

The following parts of SQL92 constitute VSS2 extensions: EXISTS, GROUP BY, HAVING, UNION, INTERSECT, EXCEPT, MINUS, ORDER BY, LIMIT, DECLARE, FETCH, CLOSE.




SQL92 syntax (informative)

The SQL92 standard [SQL92] should be consulted for the normative rules of syntax. These notes are for easy reference. VSS2 excludes so much of SQL that only the low-level aspects of the syntax are relevant.

SQL queries are written as text strings containing keywords, operators and operands separated by white space. Operands are names of tables and columns, sometimes called SQL identifiers or literal values. Identifiers and literals are sensitive to case; keywords and operators are not. There is a convention of writing keywords in upper case.

Queries can contain any Unicode character, but the keywords can be written using only ASCII characters. In VSS2, the valid identifiers also use only ASCII characters.

White space is required between keywords and operands but not between operators and operands.
A typical (simple) VSS2 query looks like this:

SELECT ALL WHERE AtomIonCharge>6





This query would be equally valid:

SELECT ALL WHERE AtomIonCharge > 6





Here, data are selected from the columns AtomIonCharge and AtomNuclearCharge (note the use of a comma-separated list to specify the columns) of the table States according to a criterion on the electronic charge of the ions.
String literals are delimited by single quotes (the ASCII apostrophe character) thus:

... WHERE AtomSymbol='Fe' ...





To include an apostrophe in a string, write two consecutive apostrophe-characters.
If an identifier contains ‘special characters’ (typically white space), it must be protected with double quotes thus:

SELECT "silly column name" WHERE...
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Change log for query language


Changes leading up to v11.05

The query-language “VAMDC SQL Sub-set 1” (VSS1) was defined. This language was the only one formally supported by VAMDC data-services in the 11.05 release of the system.




Changes in the 11.09 system-release

No new version of the standard was issued for this system release, but informal support for a new query language, VSS2, was implemented in some nodes.

VSS2 is VAMDC SQL Sub-set 2 and is a super-set of VSS1. Nodes that can process VSS2 queries can process VSS1 queries using the same code.

The features in VSS2 but not in VSS1 are:


	support for “requestables” to restrict the parts of the data model returned in the query results;

	prefices on restrictables to group them by context; the prefices at this time were “initial” and “final”, relating to states involved in transitions, “reactantn” and “productn” relating to collisions.






Changes between v11.09 and v11.12

VSS2 was formally defined. Its specification document is independent of that for VSS1, even though the two languages are related.

The prefices on restrictables were changed. “Upper” and “lower” replaced “initial” and “final”.

In v11.12 of the system, VAMDC nodes are expected to accept either VSS1 or VSS2.




Changes between v11.12 and v12.07

VSS1 query language becomes obsolete, all nodes must support VSS2 queries now.

VSS2 specification stays unchanged.
More keywords for restrictables and requestables are defined in VAMDC dictionary document
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Change log for query language


Changes leading up to v11.05

The query-language “VAMDC SQL Sub-set 1” (VSS1) was defined. This language was the only one formally supported by VAMDC data-services in the 11.05 release of the system.




Changes in the 11.09 system-release

No new version of the standard was issued for this system release, but informal support for a new query language, VSS2, was implemented in some nodes.

VSS2 is VAMDC SQL Sub-set 2 and is a super-set of VSS1. Nodes that can process VSS2 queries can process VSS1 queries using the same code.

The features in VSS2 but not in VSS1 are:


	support for “requestables” to restrict the parts of the data model returned in the query results;

	prefices on restrictables to group them by context; the prefices at this time were “initial” and “final”, relating to states involved in transitions, “reactantn” and “productn” relating to collisions.






Changes between v11.09 and v11.12

VSS2 was formally defined. Its specification document is independent of that for VSS1, even though the two languages are related.

The prefices on restrictables were changed. “Upper” and “lower” replaced “initial” and “final”.

In v11.12 of the system, VAMDC nodes are expected to accept either VSS1 or VSS2.




Changes between v11.12 and v12.07

VSS1 query language becomes obsolete, all nodes must support VSS2 queries now.

VSS2 specification stays unchanged.
More keywords for restrictables and requestables are defined in VAMDC dictionary document







          

      

      

    


    
         Copyright 2010-2012, VAMDC.
      Created using Sphinx 1.2.2.
    

  

    
      Navigation

      
        	
          index

        	
          next |

        	
          previous |

        	standards documentation 
 
      

    


    
      
          
            
  
Dictionaries  [v 12.07] [r 12.07]
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Changelog

The Restrictables, Requestables and Returnables continue to evolve to reflect the changes to the XML Schema (XSAMS) and the query language.
Listed below are the additions and deletions for each category. Note that a renaming will be represented as deletion of the old and addition of the new keyword.


Changes between 11.12 and 12.07 releases:


Requestables

Added MoleculeBasisStates keyword, renamed RadiativeCrossections into RadiativeCrossSections




Restrictables


Deletions:


	NormalModeSymmetry

	Pressure (EnvironmentPressure should be used instead)

	Temperature (EnvironmentTemperature should be used instead)

	RadTransBandCentre

	RadTransBandWidth



Additions:


	SpeciesID

	VAMDCSpeciesID








Returnables

Returnables evolve a lot with each XSAMS and Python Node Software release, so no precise changelog is given.






Changes before 11.12 release:


Restrictables


Additions:

AtomStateTotalAngMom, Inchi, IonCharge, MethodCategory, MoleculeQNJ, MoleculeQNK, MoleculeQNKa, MoleculeQNKc, MoleculeQNv, MoleculeQNv1, MoleculeQNv2, MoleculeQNv3, MoleculeStateNuclearSpinIsomer, ParticleName, RadTransBroadeningDoppler, RadTransBroadeningInstrument, RadTransBroadeningNatural, RadTransBroadeningPressure, StateEnergy, StateLifeTime, StateStatisticalWeight




Deletions:

AtomInchi, AtomInchiKey, AtomIonCharge, AtomStateEnergy, AtomStateID, AtomStateLifeTime, AtomStateStatisticalWeight, CollisionThreshold, MoleculeInchi, MoleculeInchiKey, MoleculeNormalModeIntensity, MoleculeStateCharacLifeTime, MoleculeStateCharacNuclearSpinSymmetry, MoleculeStateEnergy, MoleculeStateID






Requestables


Additions:

Functions, RadiativeCrossections




Deletions:

None
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The VAMDC keywords

In VAMDC, different pieces of software need to communicate to each other. Apart
from protocols and schema, a common vocabulary is needed. By this we mean a
list of “global keywords” that should consist of reasonably short,
human-readable keywords which uniquely define a certain type of information or
data. In the following we describe how the keywords were created and how they
are used in different parts of VAMDC software. The common gain in the various
aspects is that the vocabulary allows to split the tasks that are common to all
data sets from the database-specific information and routines. Thereby it
becomes possible to implement software that can be re-used by multiple
datasets, reducing the deployment on a new data set to implementing the parts
that are truly specific for it.


Keywords origin

In order to compile a list of well-defined names for all kinds of information
that VAMDC datasets can contain, we started from the XSAMS schema for atomic
and molecular data, that is used as a main data model within the project.

Flattened and stripped, xsams-derived keywords took form like
AtomStateLandeFactor, SourceAuthorName, MolecularSpeciesIonCharge.

The keywords representing desired branches of XSAMS like Species,Processes,
RadiativeTransitions,Collisions were added, those would find use
in future VSS2 query language.




Keywords use

The VAMDC keywords form three overlapping subsets:



	Restrictables, used in registries and in VSS query language,
any client software and VAMDC user portal must use them
to be able to request the data from VAMDC.

	Returnables that are currently used in registries and
internally in the Django TAP-VAMDC service implementation,
they define placeholders in XSAMS tree for user data output.

	Requestables that are due to be added to the VSS2 version of
the query language. They would describe the branches of the XSAMS schema client
wants to see in the output document produced by the service.









Use of Keywords for the Registry

The two aforementioned dictionaries RETURNABLES and RESTRICTABLES contain the
most important information about each data set in the form of global keywords:
what kind of data is contained in the database and which of these make sense to
restrict in the query. By using only the keys in these key-value pairs we can
compile this information in a format (XML-template) that the registry
understands. Once this extension to the registry is specified, the portal will
be able to decide from the information in the registry which databases might
have a sensible answer to a particular query and only send it to these.




Units

In data model VAMDC does not enforce the use of a certain unit for a certain physical
quantity. However, in order to make queries understood by all nodes,
the keywords that are used as RESTRICTABLE have a default unit, which is the one used in the query.
This means that each node must be aware and convert the query to its internal unit before
executing the query. For returned data the node is free to use whatever applicable units from XSAMS UnitsType.
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Requestables

Requestables, a future part of the VSS2 query language, defines a user-selectable branches of XSAMS schema for output.
For example, client could request only species information, without any process data.


AtomStates

Requesting information about atoms, including the states information.




Atoms

Requesting information about atoms, without their states.




Collisions

collisional process data




Functions




Methods

method information




MoleculeBasisStates

The basis states for a set of molecular states expressed as a linear combination on some basis




MoleculeQuantumNumbers

Request the full molecule information, including states and quantum numbers.




MoleculeStates

request molecules, including their states but excluding the quantum numbers




Molecules

Request molecules, without information about their states.




NonRadiativeTransitions

non-radiative transitions data




Particles

request particle information only




Processes

data for all available processes




RadiativeCrossSections

Absorption (or emission?) cross sections as a function of wavelength or frequency-equivalent




RadiativeTransitions

radiative transitions data




Solids

Restrict the search to databases containing information about solids.




Sources

source reference information




Species

only brief species information, without states




States

complete states information
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Restrictables

The following keywords may be used as restrictables in TAP-VAMDC queries using VSS1 language,
also they are added to registry for each new node.

Note that each node supports only a small subset of the keywords. The list of supported keywords may be
retrieved through VOSI Capabilities service endpoint. See the TAP-VAMDC documentation for further details.


AsOfDate

Return data excluding any additions or improvements that were made after the given date (YYYY-MM-DD). This allows for reproducing an earlier query. Note that probably not all nodes support this.

Type: string

Constraints:




AtomMass

The atomic mass is the mass of an atom expressed in unified atomic mass unit u. It is defined as 1/12 of the rest mass of an unbound carbon-12 atom in its nuclear and electronic ground state. 1 u = 1.660538782(83)E-27 kg.

Units: u

Type: floating-point number

Constraints: >1




AtomMassNumber

Atomic mass number (A), also called mass number or nucleon number, is the total number of protons and neutrons (together known as nucleons) in an atomic nucleus. Because protons and neutrons both are baryons, the mass number A is identical with the baryon number B as of the nucleus as of the whole atom or ion. The mass number is different for each different isotope of a chemical element.

Type: integer number

Constraints: >0




AtomNuclearCharge

Atomic number or nuclear charge

Type: integer number

Constraints: >0




AtomNuclearSpin

The total angular momentum of a nucleus, usually represented as l. For electrons spin and orbital angular momentum are treated separately but particles in a nucleus generally behave as a single entity with intrinsic angular momentum I. Associated with each nuclear spin is a nuclear magnetic moment which produces magnetic interactions with its environment.

Type: floating-point number

Constraints:




AtomStateCoupling

Coupling scheme used to describe the state. Currently five coupling schemes are supported LS, jj, J1J2, jK and LK. For a detailed description of these and other schemes see, e.g., Atomic Spectroscopy at http://physics.nist.gov/Pubs/AtSpec/index.html

Type: string

Constraints:




AtomStateHyperfineMomentum

Type: floating-point number

Constraints:




AtomStateIonizationEnergy

Ionization energy in eV

Units: 1/cm

Type: floating-point number

Constraints: >0




AtomStateKappa

Relativistic correction.

Type: floating-point number

Constraints:




AtomStateLandeFactor

Lande factor

Type: floating-point number

Constraints:




AtomStateMagneticQuantumNumber

Magnetic quantum number of a state, can be integer or half-integer, positive and negative.

Type: floating-point number

Constraints:




AtomStateParity

State parity. Can have values: “even”, “odd” or “undefined”

Type: string

Constraints:




AtomStatePolarizability

State polarizability.

Type: floating-point number

Constraints:




AtomStateQuantumDefect

The quantum defect is a correction applied to the potential to account for the fact that the inner electrons do not entirely screen the corresponding charge of the nucleus. It is particularity important for atoms with single electron in the outer shell.

Type: floating-point number

Constraints:




AtomStateTotalAngMom

Type: integer number

Constraints:




AtomSymbol

Atomic name

Type: string

Constraints:




CollisionCode

Type: string

Constraints:




CollisionIAEACode

Type: string

Constraints:




EnvironmentSpeciesConcentration

The concentration of a species contributing to an Environment

Type: floating-point number

Constraints:




EnvironmentSpeciesMoleFraction

The mole fraction of a species contributing to an Environment

Type: floating-point number

Constraints:




EnvironmentSpeciesPartialPressure

The partial pressure of a species contributing to an Environment

Type: floating-point number

Constraints:




EnvironmentTemperature

Environment temperature

Units: K

Type: floating-point number

Constraints: >0




EnvironmentTotalNumberDensity

The total number density of particles comprising an Environment

Units: 1/cm3

Type: floating-point number

Constraints:




EnvironmentTotalPressure

Environment total pressure

Units: Pa

Type: floating-point number

Constraints: >=0




FunctionID

A unique identifier for this function, of the form ‘Fxxx’

Type: string

Constraints:




FunctionName

The name of this function

Type: string

Constraints:




Inchi

The IUPAC International Chemical Identifier (InChI) is a textual identifier for chemical substances, designed to provide a standard and human-readable way to encode atomic and molecular information and facilitate the search and exchange of such such information in databases and on the web.

Type: string

Constraints:




InchiKey

InChi key is hashed, fixed-length (currently 27 character) form of International Chemical Identifier (InChI) string describing a given atom/ion/isotope. InChIKeys consist of 14 characters resulting from a hash of the connectivity information of the InChI, followed by a hyphen, followed by 9 characters resulting from a hash of the remaining layers of the InChI, followed by a single character indication the version of InChI used, another hyphen, followed by single checksum character. More information about InChI and InChI Key can be found at http://www.iupac.org/inchi/

Type: string

Constraints:




IonCharge

Ionization stage with 0 for neutral

Type: integer number

Constraints: >=0




MethodCategory

Method category. Allowed values are: experiment, theory, ritz, recommended, evaluated, empirical, scalingLaw, semiempirical, compilation, derived

Type: string

Constraints:




MoleculeChemicalName

Conventional molecule name, e.g. CO2, NH3, Feh (may not be unique)

Type: string

Constraints:




MoleculeMolecularWeight

Units: u

Type: floating-point number

Constraints:




MoleculeNormalModeHarmonicFrequency

The harmonic frequency of a normal mode.

Units: MHz

Type: floating-point number

Constraints:




MoleculeProtonation

Type: string

Constraints:




MoleculeQNJ

The molecular J quantum number for total angular momentum excluding nuclear spin

Type: floating-point number

Constraints:




MoleculeQNK

K is the quantum number associated with the projection of the total angular momentum excluding nuclear spin, J, onto the molecular symmetry axis.

Type: integer number

Constraints:




MoleculeQNKa

Ka is the rotational quantum label of an asymmetric top molecule, correlating to K in the prolate symmetric top limit.

Type: integer number

Constraints:




MoleculeQNKc

Kc is the rotational quantum label of an asymmetric top molecule, correlating to K in the oblate symmetric top limit.

Type: integer number

Constraints:




MoleculeQNv

For diatomic molecules, the vibrational quantum number, v

Type: integer number

Constraints:




MoleculeQNv1

The v1 vibrational quantum number.

Type: integer number

Constraints:




MoleculeQNv2

The v2 vibrational quantum number.

Type: integer number

Constraints:




MoleculeQNv3

The v3 vibrational quantum number.

Type: integer number

Constraints:




MoleculeStateNuclearSpinIsomer

Nuclear spin isomer (symmetry) of a molecular state. Can take values like ‘ortho’,’para’,’A’,’E’,’meta’, etc.

Type: string

Constraints:




MoleculeStoichiometricFormula

Molecular stoichiometric formula

Type: string

Constraints:




NonRadTranEnergy

Type: floating-point number

Constraints:




NonRadTranProbability

Type: floating-point number

Constraints:




NonRadTranWidth

Type: floating-point number

Constraints:




ParticleName

Particle name, one of photon, electron, muon, positron, neutron, alpha, cosmic

Type: string

Constraints:




RadTransBroadeningDoppler

Only Restrictable (not NULL) to make a query where there is Broadening information.

Type: string

Constraints:




RadTransBroadeningInstrument

Only Restrictable (not NULL) to make a query where there is Broadening information.

Type: string

Constraints:




RadTransBroadeningNatural

Only Restrictable (not NULL) to make a query where there is Broadening information.

Type: string

Constraints:




RadTransBroadeningPressure

Only Restrictable (not NULL) to make a query where there is Broadening information.

Type: string

Constraints:




RadTransEffectiveLandeFactor

Effective Lande factor for a given transition

Type: floating-point number

Constraints:




RadTransEnergy

The energy of a radiative transition

Type: floating-point number

Constraints:




RadTransFrequency

Radiative transition frequency.

Units: MHz

Type: floating-point number

Constraints:




RadTransProbabilityA

The Einstein coefficient for spontaneous radiative de-excitation (emission) A.

Units: 1/s

Type: floating-point number

Constraints: >= 0




RadTransProbabilityIdealisedIntensity

Type: floating-point number

Constraints:




RadTransProbabilityLineStrength

Line profile-integrated absorption for transition between two energy levels. Line strength K = h&nu; / 4&pi; (n<sub>1</sub> B<sub>12</sub> - n<sub>2</sub> B<sub>21</sub>)

Units: 1/cm

Type: floating-point number

Constraints: >0




RadTransProbabilityLog10WeightedOscillatorStrength

Type: floating-point number

Constraints:




RadTransProbabilityOscillatorStrength

Type: floating-point number

Constraints:




RadTransProbabilityWeightedOscillatorStrength

Type: floating-point number

Constraints:




RadTransWavelength

Radiative transition vacuum wavelength

Units: A

Type: floating-point number

Constraints:




RadTransWavenumber

Radiative transition wavenumber.

Type: floating-point number

Constraints:




SourceCategory

Type of publication, e.g. journal, book etc.

Type: string

Constraints: Journal | Book | Proceedings | On-line




SourceDOI

Digital Object Identifier of bibliography source

Type: string

Constraints:




SourceYear

Publication Year

Type: integer number

Constraints: >0




SpeciesID

Node-specific species identifier, last measure to uniquely identify species if any other identifiers collide

Type: string

Constraints:




StateEnergy

Energy of the level

Units: 1/cm

Type: floating-point number

Constraints: >=0




StateLifeTime

Life time of an atomic state in s.

Units: s

Type: floating-point number

Constraints: >0




StateStatisticalWeight

Type: floating-point number

Constraints:




VAMDCSpeciesID

Internal VAMDC species identifier, inchikey plus suffix, used in case inchikeys collide for molecules.

Type: string

Constraints:
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Returnables

The following keywords are used as Returnables in Django implementation of
TAP-VAMDC node software.  Returnables is an internal concept of the Django
implementation, defining the names of the placeholders in the schema, where data
producer may put his data. There is no requirement for other implementations of
VAMDC-TAP to include support for them.
Some of the keywords suppose additional suffixes
that allows them to be expanded into DataType xsams object.  For further
information see the Django TAP-VAMDC documentation.

Another use case of returnables is the possibilty to determine if it make sense
to look for a certain piece of data in the output documents of the node. But
even if the node declares that it has that kind of data in it’s output, there
is no guarantee that it will be present in a response for a particular query.


Implicit Returnables

For the sake of not exploding the list below, keywords of a certain type are
omitted. These are the ones that belong to a DataType in the XSAMS schema. A
DataType has a value (the physical quantity itself) and can have units,
comments, a method, references and an accuracy in different formats.
Therefore, if a keyword SomeKeyword is marked as a DataType, the
following words can also be used as Returnables, even though they are not listed below.


	SomeKeywordUnit

	SomeKeywordRef

	SomeKeywordComment

	SomeKeywordMethod

	SomeKeywordAccuracy

	SomeKeywordAccuracyConfidence

	SomeKeywordAccuracyRelative

	SomeKeywordAccuracyType

	SomeKeywordEval

	SomeKeywordEvalMethod

	SomeKeywordEvalRecommended

	SomeKeywordEvalRef

	SomeKeywordEvalComment






The list of Returnables


CollisionTabulatedDataYAccuracyMethod




Type: string

Constraints:


AtomInchi

The IUPAC International Chemical Identifier (InChI) is a textual identifier for chemical substances, designed to provide a standard and human-readable way to encode atomic and molecular information and facilitate the search and exchange of such such information in databases and on the web.

Type: string

Constraints:




AtomInchiKey

InChi key is hashed, fixed-length (currently 27 character) form of International Chemical Identifier (InChI) string describing a given atom/ion/isotope. InChIKeys consist of 14 characters resulting from a hash of the connectivity information of the InChI, followed by a hyphen, followed by 9 characters resulting from a hash of the remaining layers of the InChI, followed by a single character indication the version of InChI used, another hyphen, followed by single checksum character. More information about InChI and InChI Key can be found at http://www.iupac.org/inchi/

Type: string

Constraints:




AtomIonCharge

Ionization stage with 0 for neutral

Type: integer number

Constraints: >=0




AtomIsoelectronicSequence

Type: string

Constraints:




AtomMass

The atomic mass is the mass of an atom expressed in unified atomic mass unit u. It is defined as 1/12 of the rest mass of an unbound carbon-12 atom in its nuclear and electronic ground state. 1 u = 1.660538782(83)E-27 kg.

Units: u

Type: floating-point number

Has DataType suffixes support

Constraints: >1




AtomMassNumber

Atomic mass number (A), also called mass number or nucleon number, is the total number of protons and neutrons (together known as nucleons) in an atomic nucleus. Because protons and neutrons both are baryons, the mass number A is identical with the baryon number B as of the nucleus as of the whole atom or ion. The mass number is different for each different isotope of a chemical element.

Type: integer number

Constraints: >0




AtomNuclearCharge

Atomic number or nuclear charge

Type: integer number

Constraints: >0




AtomNuclearSpin

The total angular momentum of a nucleus, usually represented as l. For electrons spin and orbital angular momentum are treated separately but particles in a nucleus generally behave as a single entity with intrinsic angular momentum I. Associated with each nuclear spin is a nuclear magnetic moment which produces magnetic interactions with its environment.

Type: floating-point number

Constraints:




AtomSpeciesID

Reference key generated by the node software that connects processes and states to specific species. Each such key points at a single Species block in the XSAMS structure,

Type: string

Constraints:




AtomStateAuxillary

This attribute should be set to true if and only if a state was added to be referenced as energyOrigin of StateEnergy or lowestEnergyStateRef of Nuclear spin isomer and does not actually match the conditions of a query that produced the document.

Type: string

Constraints:




AtomStateComponentComment

Sate description involves particular basis in which the wavefunction can be described by a number of components and corresponding quantum numbers. In this case a comment can be added to each component.

Type: string

Constraints:




AtomStateComponentMethod

Type: string

Constraints:




AtomStateComponentRef

Type: string

Constraints:




AtomStateCompositionComment

Atomic state is describe in particular framework resulting in specific presentation of the wavefunction. This comment is supposed to clarify the basis used for representing the specific state.

Type: string

Constraints:




AtomStateConfigurationLabel

String representing configuration in a condensed form. For instance, one may prefer to make use of a short configuration label 2s2.2p instead of providing details of shell populations etc.

Type: string

Constraints:




AtomStateCoreTermJ1J2

J1 or J2 quantum number for atomic core described in J1J2 coupling.

Type: integer number

Constraints:




AtomStateCoreTermJJ

j quantum number for the jj coupling view of an atomic core.

Type: integer number

Constraints:




AtomStateCoreTermJKJ

J quantum number for the JK coupling view of an atomic core. J can be integer or half-integer.

Type: floating-point number

Constraints:




AtomStateCoreTermJKK

K quantum number for the JK coupling view of an atomic core. K can be integer or half-integer.

Type: floating-point number

Constraints:




AtomStateCoreTermJKS2

S2 quantum number for the JK coupling view of an atomic core. S2 is the spin of the “external” term that couples with K to produce J. S2 is usually half-integer.

Type: floating-point number

Constraints:




AtomStateCoreTermLKK

K quantum number for the LK coupling view of an atomic core. K is the angular momentum of the “final” term is produced by the coupling of the total angular momentum L with the spin of the core S1. K is usually half-integer.

Type: floating-point number

Constraints: >0




AtomStateCoreTermLKL

L quantum number for the LK coupling view of an atomic core. L is the total angular momentum. L is integer.

Type: integer number

Constraints:




AtomStateCoreTermLKLSymbol

Core angular momentum symbol???

For example, “p”.

Type: integer number

Constraints:




AtomStateCoreTermLKS2

S2 quantum number for the LK coupling view of an atomic core. S2 is the spin of the “external” term. S2 is usually half-integer.

Type: floating-point number

Constraints: >0




AtomStateCoreTermLSL

L quantum number for the LS coupling view of an atomic core. L is the total orbital angular momentum of the core which couples to the total spin S to produce J. L is integer.

Type: integer number

Constraints: >=0




AtomStateCoreTermLSLSymbol

For example, “p”.

Type: string

Constraints:




AtomStateCoreTermLSMultiplicity

Multiplicity of the core. Multiplicity is 2*S+1, where S is the total spin of the core.

Type: integer number

Constraints: >0




AtomStateCoreTermLSS

S quantum number for the LS coupling view of an atomic core. S is the total spin which couples with the orbital angular momentum of the core L to produce J. S is integer or half-integer.

Type: floating-point number

Constraints: >=0




AtomStateCoreTermLSSeniority

Seniority for core electrons.

Type: integer number

Constraints: >=0




AtomStateCoreTermLabel

This string element is used to represent an atomic term in a condensed form, if necessary. For instance, one may prefer to make use of a term label 3P instead of separately indicating the term S and L values.

Type: string

Constraints:




AtomStateCoreTotalAngMom

Type: integer number

Constraints:




AtomStateCoupling

Coupling scheme used to describe the state. Currently five coupling schemes are supported LS, jj, J1J2, jK and LK. For a detailed description of these and other schemes see, e.g., Atomic Spectroscopy at http://physics.nist.gov/Pubs/AtSpec/index.html

Type: string

Constraints:




AtomStateDescription

Good luck

Type: string

Constraints:




AtomStateElementCore

Optional AtomicCore element (type AtomicCoreType), that is used to compactly represent the atomic core. For instance, one may prefer to use notation [Ne]3d to describe the excited configuration in a Na-like ion. In this case, it would be sufficient to only indicate the ElementCore element set to “Ne”.

Type: string

Constraints:




AtomStateEnergy

Energy of the level

Units: 1/cm

Type: floating-point number

Has DataType suffixes support

Constraints: >=0




AtomStateHyperfineConstantA

Hyperfine splitting due to magnetic dipole interaction

Type: floating-point number

Has DataType suffixes support

Constraints:




AtomStateHyperfineConstantB

Hyperfine splitting due to electric quadrupole interaction

Type: floating-point number

Has DataType suffixes support

Constraints:




AtomStateHyperfineMomentum

Type: floating-point number

Constraints:




AtomStateID

ID for an atomic state, e.g. for linking a process to the state

Type: string

Constraints:




AtomStateIonizationEnergy

Ionization energy in eV

Units: 1/cm

Type: floating-point number

Has DataType suffixes support

Constraints: >0




AtomStateKappa

Relativistic correction.

Type: floating-point number

Constraints:




AtomStateLandeFactor

Lande factor

Type: floating-point number

Has DataType suffixes support

Constraints:




AtomStateLifeTime

Life time of an atomic state in s.

Units: s

Type: floating-point number

Has DataType suffixes support

Constraints: >0




AtomStateMagneticQuantumNumber

Magnetic quantum number of a state, can be integer or half-integer, positive and negative.

Type: floating-point number

Constraints:




AtomStateMixingCoeff

Mixing coefficient is the coefficient in the expansion of a wave function on a specific basis. It could be  - squared (non-negative) or signed. The mandatory attribute mixingClass indicates the nature of the mixing coefficient and the specifics of the expansion.

Type: floating-point number

Constraints:




AtomStateMixingCoeffClass

Mandatory attribute of the mixing coefficient with one of the two values: “squared” or “signed”

Type: string

Constraints:




AtomStateParity

State parity. Can have values: “even”, “odd” or “undefined”

Type: string

Constraints:




AtomStatePolarizability

State polarizability.

Type: floating-point number

Has DataType suffixes support

Constraints:




AtomStateQuantumDefect

The quantum defect is a correction applied to the potential to account for the fact that the inner electrons do not entirely screen the corresponding charge of the nucleus. It is particularity important for atoms with single electron in the outer shell.

Type: floating-point number

Has DataType suffixes support

Constraints:




AtomStateRef

The bibliographical references for a particular atomic state.

Type: string

Constraints:




AtomStateShellID

Atomic shell ID generated by a database.

Type: string

Constraints:




AtomStateShellKappa

Relativistic correction.

Type: floating-point number

Constraints:




AtomStateShellNumberOfElectrons

Number of electrons in a specific shell.

Type: integer number

Constraints: >0




AtomStateShellOrbitalAngMom

Type: integer number

Constraints:




AtomStateShellOrbitalAngMomSymbol

Shell angular momentum symbol?.

Type: string

Constraints:




AtomStateShellPairID

ID for a pair of shells for mixed states assigned by a database.

Type: string

Constraints:




AtomStateShellPairShell1ID

ID for shell1 in a pair of shells assigned by a database.

Type: string

Constraints:




AtomStateShellPairShell1Kappa

Relativistic correction for shell 1 in a pair.

Type: floating-point number

Constraints:




AtomStateShellPairShell1NumberOfElectrons

Number of electrons in shell 1 in a pair.

Type: integer number

Constraints: >0




AtomStateShellPairShell1OrbitalAngMom

Orbital angular momentum of shell 1 in a pair.

Type: integer number

Constraints: >=0




AtomStateShellPairShell1OrbitalAngmomSymbol

Orbital angular momentum symbol for shell 1 in a pair.

Type: string

Constraints:




AtomStateShellPairShell1Parity

Parity of shell 1 in a pair.

Type: string

Constraints:




AtomStateShellPairShell1QN

Principal quantum number of shell 1 in a pair.

Type: integer number

Constraints: >0




AtomStateShellPairShell1TermJ1J2

J1 or J2 in J1J2 coupling for shell 1 in a pair. Can be integer of half-integer.

Type: floating-point number

Constraints: >0




AtomStateShellPairShell1TermJJ

j in jj coupling for shell 1 in a pair. Could be integer or half-integer.

Type: floating-point number

Constraints: >0




AtomStateShellPairShell1TermJKJ

j in jK coupling for shell 1 in pair. Could be integer or half-integer.

Type: floating-point number

Constraints: >0




AtomStateShellPairShell1TermJKK

K in jK coupling for shell 1 in a pair. Could be integer or half-integer.

Type: floating-point number

Constraints: >0




AtomStateShellPairShell1TermJKS2

S2 (spin of external electrons) in jK coupling for shell 1 in a pair. Could be integer or half-integer.

Type: floating-point number

Constraints: >0




AtomStateShellPairShell1TermLKK

K in LK coupling for shell 1 in a pair. Could be integer or half-integer..

Type: floating-point number

Constraints: >0




AtomStateShellPairShell1TermLKL

L in LK coupling for shell 1 in a pair. Could be integer or 0.

Type: integer number

Constraints: >=0




AtomStateShellPairShell1TermLKLSymbol

Orbital angular momentum symbol in LK coupling for shell 1 in a pair.

Type: string

Constraints:




AtomStateShellPairShell1TermLKS2

S2 (spin of external electrons) in jK coupling for shell 1 in a pair. Could be integer or half-integer.

Type: floating-point number

Constraints: >0




AtomStateShellPairShell1TermLSL

L in LS coupling for shell 1 in a pair. Could be integer or 0.

Type: integer number

Constraints: >=0




AtomStateShellPairShell1TermLSLSymbol

Orbital angular momentum symbol in LS coupling for shell 1 in a pair.

Type: string

Constraints:




AtomStateShellPairShell1TermLSMultiplicity

Multiplicity (2s+1) for shell 1 in a pair in LS coupling. Positive integer.

Type: integer number

Constraints: >0




AtomStateShellPairShell1TermLSS

Spin for shell 1 in a pair in LS coupling. Non-negative integer or half-integer.

Type: floating-point number

Constraints: >=0




AtomStateShellPairShell1TermLSSeniority

Seniority for shell 1 in a pair in LS coupling. Non-negative integer.

Type: integer number

Constraints: >=0




AtomStateShellPairShell1TermLabel

Term label for shell 1.

Type: string

Constraints:




AtomStateShellPairShell1TotalAngMom

Total angular momentum J for shell 1 in a pair. Could be non-negative integer or half-integer.

Type: floating-point number

Constraints: >=0




AtomStateShellPairShell2ID

ID for shell2 in a pair of shells assigned by a database.

Type: string

Constraints:




AtomStateShellPairShell2Kappa

Relativistic correction for shell 2 in a pair.

Type: floating-point number

Constraints:




AtomStateShellPairShell2NumberOfElectrons

Number of electrons in shell 2 in a pair.

Type: integer number

Constraints: >0




AtomStateShellPairShell2OrbitalAngMom

Orbital angular momentum of shell 2 in a pair.

Type: integer number

Constraints: >=0




AtomStateShellPairShell2OrbitalAngMomSymbol

Orbital angular momentum symbol for shell 2 in a pair.

Type: string

Constraints:




AtomStateShellPairShell2Parity

Parity of shell 2 in a pair.

Type: string

Constraints:




AtomStateShellPairShell2QN

Principal quantum number of shell 2 in a pair.

Type: integer number

Constraints: >0




AtomStateShellPairShell2TermJ1J2

J1 or J2 in J1J2 coupling for shell 2 in a pair. Can be integer of half-integer..

Type: floating-point number

Constraints: >0




AtomStateShellPairShell2TermJJ

j in jj coupling for shell 2 in a pair. Could be integer or half-integer.

Type: floating-point number

Constraints: >0




AtomStateShellPairShell2TermJKJ

j in jK coupling for shell 2 in a pair. Could be integer or half-integer..

Type: floating-point number

Constraints: >0




AtomStateShellPairShell2TermJKK

K in jK coupling for shell 2 in a pair. Could be integer or half-integer.

Type: floating-point number

Constraints: >0




AtomStateShellPairShell2TermJKS2

S2 (spin of external electrons) in jK coupling for shell 2 in a pair. Could be integer or half-integer.

Type: floating-point number

Constraints: >0




AtomStateShellPairShell2TermLKK

K in LK coupling for shell 2 in a pair. Could be integer or half-integer.

Type: floating-point number

Constraints: >0




AtomStateShellPairShell2TermLKL

L in LK coupling for shell 2 in a pair. Could be integer or 0.

Type: integer number

Constraints: >=0




AtomStateShellPairShell2TermLKLSymbol

Orbital angular momentum symbol in LK coupling for shell 2 in a pair.

Type: integer number

Constraints:




AtomStateShellPairShell2TermLKS2

S2 (spin of external electrons) in jK coupling for shell 2 in a pair. Could be integer or half-integer.

Type: floating-point number

Constraints: >0




AtomStateShellPairShell2TermLSL

L in LK coupling for shell 2 in a pair. Could be integer or 0.

Type: integer number

Constraints: >=0




AtomStateShellPairShell2TermLSLSymbol

Orbital angular momentum symbol in LS coupling for shell 2 in a pair.

Type: string

Constraints:




AtomStateShellPairShell2TermLSMultiplicity

Multiplicity (2s+1) for shell 2 in a pair in LS coupling. Positive integer.

Type: integer number

Constraints: >0




AtomStateShellPairShell2TermLSS

Spin for shell 2 in a pair in LS coupling. Non-negative integer or half-integer.

Type: floating-point number

Constraints: >=0




AtomStateShellPairShell2TermLSSeniority

Seniority for shell 2 in a pair in LS coupling. Non-negative integer.

Type: integer number

Constraints: >=0




AtomStateShellPairShell2TermLabel

Term label for shell 2.

Type: string

Constraints:




AtomStateShellPairShell2TotalAngMom

Total angular momentum J for shell 2 in a pair. Could be non-negative integer or half-integer.

Type: floating-point number

Constraints: >=0




AtomStateShellPairTermJ1J2

Type: integer number

Constraints:




AtomStateShellPairTermJJ

Type: integer number

Constraints:




AtomStateShellPairTermJKJ

Type: integer number

Constraints:




AtomStateShellPairTermJKK

Type: integer number

Constraints:




AtomStateShellPairTermJKS2

Type: integer number

Constraints:




AtomStateShellPairTermLKK

Type: integer number

Constraints:




AtomStateShellPairTermLKL

Type: integer number

Constraints:




AtomStateShellPairTermLKLSymbol

Type: integer number

Constraints:




AtomStateShellPairTermLKS2

Type: integer number

Constraints:




AtomStateShellPairTermLSL

Type: integer number

Constraints:




AtomStateShellPairTermLSLSymbol

Type: integer number

Constraints:




AtomStateShellPairTermLSMultiplicity

Type: integer number

Constraints:




AtomStateShellPairTermLSS

Type: integer number

Constraints:




AtomStateShellPairTermLSSeniority

Type: integer number

Constraints:




AtomStateShellPairTermLabel

Type: string

Constraints:




AtomStateShellParity

Type: integer number

Constraints:




AtomStateShellPrincipalQN

Type: integer number

Constraints:




AtomStateShellTermJ1J2

Type: integer number

Constraints:




AtomStateShellTermJJ

Type: integer number

Constraints:




AtomStateShellTermJKJ

Type: integer number

Constraints:




AtomStateShellTermJKS

Type: integer number

Constraints:




AtomStateShellTermK

Type: integer number

Constraints:




AtomStateShellTermLKK

Type: integer number

Constraints:




AtomStateShellTermLKL

Type: integer number

Constraints:




AtomStateShellTermLKLSymbol

Type: string

Constraints:




AtomStateShellTermLKS2

Type: integer number

Constraints:




AtomStateShellTermLSL

Type: integer number

Constraints:




AtomStateShellTermLSLSymbol

Type: integer number

Constraints:




AtomStateShellTermLSMultiplicity

Type: integer number

Constraints:




AtomStateShellTermLabel

Type: integer number

Constraints:




AtomStateShellTermS

Type: integer number

Constraints:




AtomStateShellTermSeniority

Type: integer number

Constraints:




AtomStateShellTotalAngMom

Type: integer number

Constraints:




AtomStateStatisticalWeight

Type: floating-point number

Constraints:




AtomStateSuperShellNumberOfElectrons

Type: integer number

Constraints:




AtomStateSuperShellPrincipalQN

Type: integer number

Constraints:




AtomStateTermJ1J2

J1 or J2 quantum number for atomic core described in J1J2 coupling.

Type: integer number

Constraints:




AtomStateTermJJ

Type: integer number

Constraints:




AtomStateTermJKJ

Type: integer number

Constraints:




AtomStateTermJKK

Type: integer number

Constraints:




AtomStateTermJKS

Type: integer number

Constraints:




AtomStateTermLKK

Type: integer number

Constraints:




AtomStateTermLKL

Type: integer number

Constraints:




AtomStateTermLKLSymbol

Type: integer number

Constraints:




AtomStateTermLKS2

Type: integer number

Constraints:




AtomStateTermLSL

Type: integer number

Constraints:




AtomStateTermLSLSymbol

Type: string

Constraints:




AtomStateTermLSMultiplicity

Type: integer number

Constraints:




AtomStateTermLSS

Type: floating-point number

Constraints:




AtomStateTermLSSeniority

Type: integer number

Constraints:




AtomStateTermLabel

Type: string

Constraints:




AtomStateTotalAngMom

Type: integer number

Constraints:




AtomSymbol

Atomic name

Type: string

Constraints:




CollisionBranchingRatio

Collision branching ratio

Type: floating-point number

Has DataType suffixes support

Constraints:




CollisionCode

Type: string

Constraints:




CollisionComment

Type: string

Constraints:




CollisionDataSetComment

Type: string

Constraints:




CollisionDataSetDescription

Type: string

Constraints:




CollisionDataSetMethod

Type: string

Constraints:




CollisionDataSetRef

Type: string

Constraints:




CollisionFitDataAccuracy

Type: string

Constraints:




CollisionFitDataArgumentDescription

Type: string

Constraints:




CollisionFitDataArgumentLowerLimit

Type: string

Constraints:




CollisionFitDataArgumentName

Type: string

Constraints:




CollisionFitDataArgumentUnits

Type: string

Constraints:




CollisionFitDataArgumentUpperLimit

Type: string

Constraints:




CollisionFitDataComment

Type: string

Constraints:




CollisionFitDataFunction

Type: string

Constraints:




CollisionFitDataMethod

Type: string

Constraints:




CollisionFitDataParameter

Type: string

Constraints:




CollisionFitDataPhysicalUncertainty

Type: string

Constraints:




CollisionFitDataProductionDate

Type: string

Constraints:




CollisionFitDataRef

Type: string

Constraints:




CollisionGroup

Collision group label

Type: string

Constraints:




CollisionIAEACode

Type: string

Constraints:




CollisionID

Collision ID

Type: string

Constraints:




CollisionIntermediateSpecies

Type: string

Constraints:




CollisionIntermediateState

Type: string

Constraints:




CollisionMethod

Type: string

Constraints:




CollisionProductSpecies

Type: string

Constraints:




CollisionProductState

Type: string

Constraints:




CollisionReactantSpecies

Type: string

Constraints:




CollisionReactantState

Type: string

Constraints:




CollisionRef

Type: string

Constraints:




CollisionTabulatedData

Type: string

Constraints:




CollisionTabulatedDataComment

Type: string

Constraints:




CollisionTabulatedDataMethod

Type: string

Constraints:




CollisionTabulatedDataPhysicalUncertainty

Type: string

Constraints:




CollisionTabulatedDataProductionDate

Type: string

Constraints:




CollisionTabulatedDataRef

Type: string

Constraints:




CollisionTabulatedDataReferenceFrame

Type: string

Constraints:




CollisionTabulatedDataX

Type: floating-point number

Constraints:




CollisionTabulatedDataXAccuracy

Type: floating-point number

Constraints:




CollisionTabulatedDataXAccuracyComment

Type: string

Constraints:




CollisionTabulatedDataXAccuracyErrorFile

Type: string

Constraints:




CollisionTabulatedDataXAccuracyErrorList

Type: floating-point number

Constraints:




CollisionTabulatedDataXAccuracyErrorListN

Type: integer number

Constraints:




CollisionTabulatedDataXAccuracyErrorValue

Type: floating-point number

Constraints:




CollisionTabulatedDataXAccuracyMethodRef

Type: string

Constraints:




CollisionTabulatedDataXAccuracyRelative

Type: string

Constraints:




CollisionTabulatedDataXAccuracyType

Type: string

Constraints:




CollisionTabulatedDataXDataFile

Type: string

Constraints:




CollisionTabulatedDataXDataList

Type: floating-point number

Constraints:




CollisionTabulatedDataXDataListN

Type: integer number

Constraints:




CollisionTabulatedDataXDescription

Type: string

Constraints:




CollisionTabulatedDataXLinearSequenceIncrement

Type: floating-point number

Constraints:




CollisionTabulatedDataXLinearSequenceInitial

Type: floating-point number

Constraints:




CollisionTabulatedDataXLinearSequenceN

Type: integer number

Constraints:




CollisionTabulatedDataXParameter

Type: floating-point number

Constraints:




CollisionTabulatedDataXUnits

Type: string

Constraints:




CollisionTabulatedDataY

Type: floating-point number

Constraints:




CollisionTabulatedDataYAccuracy

Type: floating-point number

Constraints:




CollisionTabulatedDataYAccuracyComment

Type: string

Constraints:




CollisionTabulatedDataYAccuracyErrorFile

Type: string

Constraints:




CollisionTabulatedDataYAccuracyErrorList

Type: floating-point number

Constraints:




CollisionTabulatedDataYAccuracyErrorListN

Type: integer number

Constraints:




CollisionTabulatedDataYAccuracyErrorValue

Type: integer number

Constraints:




CollisionTabulatedDataYAccuracyMethodRef

Type: string

Constraints:




CollisionTabulatedDataYAccuracyRelative

Type: string

Constraints:




CollisionTabulatedDataYAccuracyType

Type: string

Constraints:




CollisionTabulatedDataYDataFile

Type: string

Constraints:




CollisionTabulatedDataYDataList

Type: floating-point number

Constraints:




CollisionTabulatedDataYDataListN

Type: integer number

Constraints:




CollisionTabulatedDataYDescription

Type: string

Constraints:




CollisionTabulatedDataYLinearSequenceIncrement

Type: floating-point number

Constraints:




CollisionTabulatedDataYLinearSequenceInitial

Type: floating-point number

Constraints:




CollisionTabulatedDataYLinearSequenceN

Number of elements in Linear Sequence

Type: integer number

Constraints:




CollisionTabulatedDataYParameter

Type: floating-point number

Constraints:




CollisionTabulatedDataYUnits

Type: string

Constraints:




CollisionThreshold

Type: floating-point number

Has DataType suffixes support

Constraints:




CollisionUserDefinition

Type: string

Constraints:




CrossSectionBandCentre

The centre wavenumber, wavelength, etc. of a feature in an tabulated cross section

Type: floating-point number

Has DataType suffixes support

Constraints:




CrossSectionBandModeComment

Type: string

Constraints:




CrossSectionBandModeDeltaV

List of dV values

Type: floating-point number

Constraints: >0




CrossSectionBandModeDeltaVID

ID of  a normal mode when referenced in the assignment of a band in an assigned cross section

Type: string

Constraints:




CrossSectionBandModeMethod

Type: string

Constraints:




CrossSectionBandModeName

A string, optionally identifying a band in an assigned cross section, e.g. “asymmetric stretch”

Type: string

Constraints:




CrossSectionBandName

Type: string

Constraints:




CrossSectionBandWidth

The width of an assigned feature in a tabulated cross section (in units of wavenumber, wavelength, etc.)

Type: floating-point number

Has DataType suffixes support

Constraints:




CrossSectionDescription

A string describing the cross section being given in a CrossSection element, e.g. ‘IR absorption cross section’

Type: string

Constraints:




CrossSectionEnvironment

Reference to an Environment ID describing the environment applicable to this cross section

Type: string

Constraints:




CrossSectionGroup

Type: string

Constraints:




CrossSectionID

ID label for this cross section data

Type: string

Constraints:




CrossSectionProcess

???

Type: string

Constraints:




CrossSectionSpecies

A reference to the ID of a species contributing to this cross section

Type: string

Constraints:




CrossSectionState

???

Type: string

Constraints:




CrossSectionX

A list of whitespace-delimited values of the independent variable (e.g. wavelength) against which the cross section is given

Type: string

Constraints:




CrossSectionXDataFile

Datafile containing X data.

Type: string

Constraints:




CrossSectionXError

An error (accuracy) applying to each and every data point in the Cross section independent variable data series

Type: floating-point number

Constraints:




CrossSectionXErrorList

A list of errors (accuracy values), separated by whitespace, one for each of the data points listed in the cross section independent variable data series (e.g. wavenumber)

Type: string

Constraints:




CrossSectionXLinearCount

The length of the linear series X_i = initial + increment * i giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values.

Type: integer number

Constraints:




CrossSectionXLinearIncrement

The increment step in the linear series X_i = initial + increment * i giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values.

Type: floating-point number

Constraints:




CrossSectionXLinearInitial

The initial value in the linear series X_i = initial + increment * i giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values.

Type: floating-point number

Constraints:




CrossSectionXName

The name of the independent variable against which the cross section is measured (e.g. wavenumber)

Type: string

Constraints:




CrossSectionXUnit

The units of the independent variable against which the cross section is measured (e.g. 1/cm)

Type: string

Constraints:




CrossSectionY

A whitespace-delimited list of data points comprising the cross section

Type: string

Constraints:




CrossSectionYDataFile

Datafile containing Y data.

Type: string

Constraints:




CrossSectionYError

A single error (accuracy) value applying to each and every data point of the cross section

Type: floating-point number

Constraints:




CrossSectionYErrorList

A white-space delimited list of error (accuracy) values for each data point given for the cross section

Type: string

Constraints:




CrossSectionYLinearCount

The length of the linear series Y_i = initial + increment * i, giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values

Type: integer number

Constraints:




CrossSectionYLinearIncrement

The increment in the linear series Y_i = initial + increment * i giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values

Type: floating-point number

Constraints:




CrossSectionYLinearInitial

The initial valie of the linear series Y_i = initial + increment * i, giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values

Type: floating-point number

Constraints:




CrossSectionYName

Name of the Cross Section parameter given (e.g. ‘sigma’)

Type: string

Constraints:




CrossSectionYUnit

Units of the cross section (e.g. ‘Mb’, ‘arbitrary’, ‘km/mol’)

Type: string

Constraints:




EnvironmentComment

Type: string

Constraints:




EnvironmentID

An ID of the form “Exxx” identifying this Environment

Type: string

Constraints:




EnvironmentRef

A reference to the ID, of the form ‘Exxx’, identifying the environment referenced here

Type: string

Constraints:




EnvironmentSpecies

A species contributing to an Environment

Type: string

Constraints:




EnvironmentSpeciesConcentration

The concentration of a species contributing to an Environment

Type: floating-point number

Has DataType suffixes support

Constraints:




EnvironmentSpeciesMoleFraction

The mole fraction of a species contributing to an Environment

Type: floating-point number

Has DataType suffixes support

Constraints:




EnvironmentSpeciesName

The name of a species contributing to an Environment

Type: string

Constraints:




EnvironmentSpeciesPartialPressure

The partial pressure of a species contributing to an Environment

Type: floating-point number

Has DataType suffixes support

Constraints:




EnvironmentSpeciesRef

The reference to an ID of a species contributing to an Environment

Type: string

Constraints:




EnvironmentTemperature

Environment temperature

Units: K

Type: floating-point number

Has DataType suffixes support

Constraints: >0




EnvironmentTotalNumberDensity

The total number density of particles comprising an Environment

Units: 1/cm3

Type: floating-point number

Has DataType suffixes support

Constraints:




EnvironmentTotalPressure

Environment total pressure

Units: Pa

Type: floating-point number

Has DataType suffixes support

Constraints: >=0




FunctionArgumentDescription

Description of the function to an argument

Type: string

Constraints:




FunctionArgumentLowerLimit

The lower limit of validity for this argument to the fit or model function

Type: floating-point number

Constraints:




FunctionArgumentName

The name of this argument to the fit or model function

Type: string

Constraints:




FunctionArgumentUnits

The units of this argument to the fit or model function

Type: string

Constraints:




FunctionArgumentUpperLimit

The upper limit of validity for this argument to the fit or model function

Type: floating-point number

Constraints:




FunctionComputerLanguage

Type: string

Constraints:




FunctionDescription

A description of this function

Type: string

Constraints:




FunctionExpression

Type: string

Constraints:




FunctionID

A unique identifier for this function, of the form ‘Fxxx’

Type: string

Constraints:




FunctionName

The name of this function

Type: string

Constraints:




FunctionParameterDescription

A description of this parameter to the fit or model function

Type: string

Constraints:




FunctionParameterName

A name of this parameter to the fit or model function

Type: string

Constraints:




FunctionParameterUnits

A units of this parameter to the fit or model function

Type: string

Constraints:




FunctionReferenceFrame

Type: string

Constraints:




FunctionSourceCodeURL

Type: string

Constraints:




FunctionSourceRef

Type: string

Constraints:




FunctionYDescription

Type: string

Constraints:




FunctionYLowerLimit

Type: floating-point number

Constraints:




FunctionYName

Type: string

Constraints:




FunctionYUnits

Type: string

Constraints:




FunctionYUpperLimit

Type: floating-point number

Constraints:




MethodCategory

Method category. Allowed values are: experiment, theory, ritz, recommended, evaluated, empirical, scalingLaw, semiempirical, compilation, derived

Type: string

Constraints:




MethodComment

Type: string

Constraints:




MethodDescription

Type: string

Constraints:




MethodID

Type: string

Constraints:




MethodRef

Type: string

Constraints:




MoleculeBasisState

A single basis state in the description of a molecular state as an expansion in some basis

Type: string

Constraints:




MoleculeBasisStateComment

A comment relating to this basis state

Type: string

Constraints:




MoleculeBasisStateID

The ID for this basis state

Type: string

Constraints:




MoleculeBasisStateMethod

Method relating to this basis state

Type: string

Constraints:




MoleculeBasisStateRef

A source (reference) for this basis state

Type: string

Constraints:




MoleculeBasisStates

The basis states for a set of molecular states expressed as a linear combination on some basis

Type: string

Constraints:




MoleculeBasisStatesComment

A Comment relating to this set of Basis states

Type: string

Constraints:




MoleculeBasisStatesMethod

A Method relating to this set of Basis states

Type: string

Constraints:




MoleculeBasisStatesRef

One or more source references relating to this set of Basis states

Type: string

Constraints:




MoleculeCASRegistryNumber

Type: string

Constraints:




MoleculeCNPIGroup

Type: string

Constraints:




MoleculeChemicalName

Conventional molecule name, e.g. CO2, NH3, Feh (may not be unique)

Type: string

Constraints:




MoleculeComment

Type: string

Constraints:




MoleculeIUPACName

Type: string

Constraints:




MoleculeInchi

Type: string

Constraints:




MoleculeInchiKey

Type: string

Constraints:




MoleculeIonCharge

Molecule ion charge

Type: integer number

Constraints:




MoleculeMolecularWeight

Units: u

Type: floating-point number

Has DataType suffixes support

Constraints:




MoleculeNormalModeDisplacementVectorComment

Comments concerning this normal mode’s displacement vectors

Type: string

Constraints:




MoleculeNormalModeDisplacementVectorMethod

Type: string

Constraints:




MoleculeNormalModeDisplacementVectorRef

A reference to the atom in the molecule’s structure to which this displacement vector applies

Type: string

Constraints:




MoleculeNormalModeDisplacementVectorX3

The x-component of this atom’s displacement vector

Type: floating-point number

Constraints:




MoleculeNormalModeDisplacementVectorY3

The y-component of this atom’s displacement vector

Type: floating-point number

Constraints:




MoleculeNormalModeDisplacementVectorZ3

The z-component of this atom’s displacement vector

Type: floating-point number

Constraints:




MoleculeNormalModeElectronicState

A reference to the electronic state within which this normal mode applies

Type: string

Constraints:




MoleculeNormalModeHarmonicFrequency

The harmonic frequency of a normal mode.

Units: MHz

Type: floating-point number

Has DataType suffixes support

Constraints:




MoleculeNormalModeID

The ID of this normal mode

Type: string

Constraints:




MoleculeNormalModeIntensity

Normal mode intensity

Type: floating-point number

Has DataType suffixes support

Constraints:




MoleculeNormalModeMethod

Type: string

Constraints:




MoleculeNormalModePointGroupSymmetry

The symmetry species of this normal mode within the point group of the molecule in the specified electronic state

Type: string

Constraints:




MoleculeNormalModeRef

Type: string

Constraints:




MoleculeOrdinaryStructuralFormula

The ordinary structural formula, as it is usually written, for the molecule

Type: string

Constraints:




MoleculePartitionFunction

List of temperatures for which the partition functions are specified.

Type: floating-point number

Constraints:




MoleculePartitionFunctionNSILowestEnergyStateRef

Reference to the lowest rovibronic state of the nuclear spin isomer for which the partition functions are specified

Type: string

Constraints:




MoleculePartitionFunctionNSILowestRoVibSym

Symmetry of the lowest rovibronic state of the nuclear spin isomer.

Type: string

Constraints:




MoleculePartitionFunctionNSIName

Name of the nuclear spin isomer for which the partition functions are specified

Type: string

Constraints:




MoleculePartitionFunctionNSISymGroup

Symmetry group in which the symmetry of lowest rovibronic state of the nuclear spin isomer is specified

Type: string

Constraints:




MoleculePartitionFunctionQ

List of partition functions

Type: floating-point number

Constraints:




MoleculePartitionFunctionUnit

Unit(s) in which the temperatures for partition functions are given

Type: string

Constraints:




MoleculeQNElecStateLabel

A label identifying the molecule’s electronic state, e.g. ‘X’, ‘A’, ‘b’

Type: string

Constraints:




MoleculeQNF

The molecular state quantum number for total angular momentum including nuclear spin

Type: floating-point number

Constraints:




MoleculeQNF1

The molecular state quantum number for angular momentum including hyperfine coupling with one nuclear spin, F1 = J + I1

Type: floating-point number

Constraints:




MoleculeQNF1nuclSpin

Identifier for the nucleus coupling its spin to give F1: F1 = J + I1

Type: string

Constraints:




MoleculeQNF2

The molecular state quantum number for angular momentum including hyperfine coupling with the second of two nuclear spins: F2 = F1 + I2

Type: floating-point number

Constraints:




MoleculeQNF2nuclSpin

Identifier for the second nucleus coupling its spin to give F2: F2 = F1 + I2

Type: string

Constraints:




MoleculeQNFj

The Fj quantum number, for some intermediate nuclear spin coupling: Fj = Fj-1 + Ij (j>1), or Fj = J + Ij (j=1)

Type: floating-point number

Constraints:




MoleculeQNFjj

The integer j, identifying the order of this nuclear spin coupling where several nuclear spins couple: Fj = Fj-1 + Ij (j>1)

Type: integer number

Constraints:




MoleculeQNFjnuclSpin

ID of the nuclear spin coupling to give quantum number Fj

Type: string

Constraints:




MoleculeQNFnuclSpin

ID of the nuclear spin coupling to give quantum number F, the total angular momentum (including nuclear spin).

Type: string

Constraints:




MoleculeQNI

The total nuclear spin quantum number for a coupled set of identical nuclear spins, I = I1 + I2 + ...

Type: floating-point number

Constraints:




MoleculeQNInuclSpin

Type: string

Constraints:




MoleculeQNJ

The molecular J quantum number for total angular momentum excluding nuclear spin

Type: floating-point number

Constraints:




MoleculeQNK

K is the quantum number associated with the projection of the total angular momentum excluding nuclear spin, J, onto the molecular symmetry axis.

Type: integer number

Constraints:




MoleculeQNKa

Ka is the rotational quantum label of an asymmetric top molecule, correlating to K in the prolate symmetric top limit.

Type: integer number

Constraints:




MoleculeQNKc

Kc is the rotational quantum label of an asymmetric top molecule, correlating to K in the oblate symmetric top limit.

Type: integer number

Constraints:




MoleculeQNLambda

Lambda is the quantum number associated with the magnitude of the projection of the total electronic orbital angular momentum, L, onto the molecular axis.

Type: integer number

Constraints:




MoleculeQNN

N is the quantum number associated with the total angular momentum excluding electronic and nuclear spin, N: J = N + S.

Type: integer number

Constraints:




MoleculeQNOmega

Omega is the quantum number associated with the projection of the total angular momentum (excluding nuclear spin), J, onto the molecular axis.

Type: floating-point number

Constraints:




MoleculeQNS

S is the quantum number associated with the total electronic spin angular momentum.

Type: floating-point number

Constraints:




MoleculeQNSigma

Sigma is the quantum number associated with the magnitude of the projection of S onto the molecular axis.

Type: floating-point number

Constraints:




MoleculeQNSpinComponentLabel

SpinComponentLabel is the positive integer identifying the spin-component label, Fx, where x=1,2,3,... in order of increasing energy for a given value of J - see Herzberg, Spectra of Diatomic Molecules, Van Nostrand, Princeton, N.J., 1950.

Type: string

Constraints:




MoleculeQNasSym

a/s-symmetry: the symmetry of the rovibronic wavefunction, ‘a’ or ‘s’ such that the total wavefunction including nuclear spin is symmetric or antisymmetric with respect to permutation of identical nuclei

Type: string

Constraints:




MoleculeQNelecInv

elecInv is the parity of the electronic wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system (‘g’ or ‘u’)

Type: string

Constraints:




MoleculeQNelecRefl

The parity of the electronic wavefunction with respect to reflection in a plane containing the molecular symmetry axis in the molecular coordinate system (equivalent to inversion through the molecular centre of mass in the laboratory coordinate system), ‘+’ or ‘-‘

Type: string

Constraints:




MoleculeQNelecSym

Type: string

Constraints:




MoleculeQNelecSymGroup

Type: string

Constraints:




MoleculeQNkronigParity

kronigParity is the ‘rotationless’ parity: the parity of the total molecular wavefunction excluding nuclear spin and rotation with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, ‘e’ or ‘f’

Type: string

Constraints:




MoleculeQNl

The vibrational angular momentum quantum number, l

Type: integer number

Constraints:




MoleculeQNl2

For linear triatomic molecules, the vibrational angular momentum quantum number associated with the nu2 bending vibration: l2 = v2, v2-2, ..., 1 or 0

Type: integer number

Constraints:




MoleculeQNli

The vibrational angular momentum quantum number, l_i, associated with a degenerate vibrational mode, nu_i: li = vi, vi-2, ..., 1 or 0

Type: integer number

Constraints:




MoleculeQNliMode

An integer identifying the degenerate vibrational mode to which the li quantum number belongs

Type: integer number

Constraints:




MoleculeQNparity

Total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the E* operation, ‘+’ or ‘-‘

Type: string

Constraints:




MoleculeQNr

r is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.

Type: integer number

Constraints:




MoleculeQNrName

A name, identifying the ranking label, r

Type: string

Constraints:




MoleculeQNrotSym

rotSym is the symmetry species of the rotational wavefunction, in some appropriate symmetry group.

Type: string

Constraints:




MoleculeQNrotSymGroup

The symmetry group used in giving the rotational symmetry species label

Type: string

Constraints:




MoleculeQNrovibSym

Type: string

Constraints:




MoleculeQNrovibSymGroup

Type: string

Constraints:




MoleculeQNv

For diatomic molecules, the vibrational quantum number, v

Type: integer number

Constraints:




MoleculeQNv1

The v1 vibrational quantum number.

Type: integer number

Constraints:




MoleculeQNv2

The v2 vibrational quantum number.

Type: integer number

Constraints:




MoleculeQNv3

The v3 vibrational quantum number.

Type: integer number

Constraints:




MoleculeQNvi

The vi vibrational quantum number for the ith normal mode

Type: integer number

Constraints:




MoleculeQNviMode

An integer identifying the vibrational normal mode for the vi quantum number

Type: integer number

Constraints:




MoleculeQNvibInv

vibInv is the parity of the vibrational wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system. Only really necessary for molecules with a low barrier to such an inversion (for example, NH3), ‘s’ or ‘a’.

Type: string

Constraints:




MoleculeQNvibRefl

vibRefl is the parity of the vibrational wavefunction with respect to reflection in a plane containing the molecular symmetry axis in the molecular coordinate system, ‘+’ or ‘-‘.

Type: string

Constraints:




MoleculeQNvibSym

Vibrational wavefunction symmetry species

Type: string

Constraints:




MoleculeQNvibSymGroup

The symmetry group used to specify the vibrational wavefunction symmetry species

Type: string

Constraints:




MoleculeQnCase

Case name for the case-by-case molecular state description

Type: string

Constraints:




MoleculeSpeciesID

ID for the molecular species

Type: string

Constraints:




MoleculeStableMolecularProperties

Molecular properties such as molecular weight

Type: string

Constraints:




MoleculeStateAuxillary

This attribute should be set to true if and only if a state was added to be referenced as energyOrigin of StateEnergy or lowestEnergyStateRef of Nuclear spin isomer and does not actually match the conditions of a query that produced the document.

Type: string

Constraints:




MoleculeStateDescription

A text description of this molecular state

Type: string

Constraints:




MoleculeStateEnergy

The energy of a molecular state

Units: 1/cm

Type: floating-point number

Has DataType suffixes support

Constraints:




MoleculeStateEnergyOrigin

A string identifying where the origin is taken for the energy of this molecular state

Type: string

Constraints:




MoleculeStateExpansionCoeff

Type: floating-point number

Constraints:




MoleculeStateExpansionCoeffStateRef

Type: string

Constraints:




MoleculeStateExpansionComments

Type: string

Constraints:




MoleculeStateExpansionMethodRef

Type: string

Constraints:




MoleculeStateExpansionSourceRef

One or more source references - these entries should match the sourceID attributes of the Sources.

Type: string

Constraints:




MoleculeStateFullyAssigned

A boolean value, asserting that the state is fully assigned (true) or not (false)

Type: string

Constraints:




MoleculeStateID

A string, of the form ‘Sxxx’ identifying this molecular state

Type: string

Constraints:




MoleculeStateLifeTime

Molecular state lifetime in seconds

Units: s

Type: floating-point number

Has DataType suffixes support

Constraints: >0




MoleculeStateMixingCoefficient

Type: string

Constraints:




MoleculeStateNSILowestEnergyStateRef

Reference to the state of this spin isomer having the lowest energy

Type: string

Constraints:




MoleculeStateNSILowestRoVibSym

The symmetry species of the rovibronic wavefunction of the lowest state of the nuclear spin isomer

Type: string

Constraints:




MoleculeStateNSIName

Spin isomer conventional name, like ‘ortho’,’para’,’meta’,’A’,’E’.

Type: string

Constraints:




MoleculeStateNSISymGroup

The symmetry group used by MoleculeStateNSILowRoVibSym

Type: string

Constraints:




MoleculeStateNuclearStatisticalWeight

Nuclear statistical weight for a given molecular energy level

Type: integer number

Constraints: >0




MoleculeStateParameterMatrix

A space-separated list of values for the matrix. For an arbitrary matrix, it has nrows*ncols entries. For a diagonal matrix there are nrows=ncols entries. For a symmetric matrix there are nrows(nrows+1)/2 entries etc.

Type: string

Constraints:




MoleculeStateParameterMatrixColRefs

This is a space-separated list of column names for the parameter matrix, as many as there are columns.

Type: string

Constraints:




MoleculeStateParameterMatrixForm

Molecular State parameter on matrix form; the matrix’ form, such as “symmetric”, “diagonal” etc.

Type: string

Constraints:




MoleculeStateParameterMatrixNcols

Molecular State parameters in matrix form; number of matrix columns

Type: integer number

Constraints:




MoleculeStateParameterMatrixNrows

Molecular state parameter data on matrix form, number of rows in matrix

Type: integer number

Constraints:




MoleculeStateParameterMatrixRowRefs

This is a space-separated list of row names for the parameter matrix, as many as there are rows.

Type: string

Constraints:




MoleculeStateParameterMatrixUnits

Molecular State parameters, units for data on matrix data form

Type: string

Constraints:




MoleculeStateParameterMatrixValues

Molecular State parameter on matrix form; type of matrix values: “real”, “imaginary” or “complex”.

Type: string

Constraints:




MoleculeStateParameterValueData

State parameter with a specific value

Type: floating-point number

Has DataType suffixes support

Constraints:




MoleculeStateParameterVectorDataUnits

Molecular State vector data units

Type: string

Constraints:




MoleculeStateParameterVectorRef

Molecular State parameter reference string giving context.

Type: string

Constraints:




MoleculeStateParameterVectorX3

Molecular State parameter vector coordinate X

Type: floating-point number

Constraints:




MoleculeStateParameterVectorY3

Molecular State parameter vector coordinate Y

Type: floating-point number

Constraints:




MoleculeStateParameterVectorZ3

Molecular State parameter vector coordinate Z

Type: floating-point number

Constraints:




MoleculeStateParameters

Additional parameters of molecular state

Type: string

Constraints:




MoleculeStateParity

Type: string

Constraints:




MoleculeStateQuantumNumbers

Type: string

Constraints:




MoleculeStateTotalStatisticalWeight

Total statistical weight (degeneracy) for a given molecular energy level

Type: integer number

Constraints: >0




MoleculeStoichiometricFormula

Molecular stoichiometric formula

Type: string

Constraints:




MoleculeStructure

The molecular structure, as defined in CML

Type: string

Constraints:




MoleculeURLFigure

Type: string

Constraints:




NodeID

A unique string for each VAMDC node. For example used for xsams-internal referencing. This MUST be filled.

Type: string

Constraints:




NonRadTranComment

Type: string

Constraints:




NonRadTranEnergy

Type: floating-point number

Has DataType suffixes support

Constraints:




NonRadTranGroup

non-radiative transition group label

Type: string

Constraints:




NonRadTranID

non-radiative transition ID

Type: string

Constraints:




NonRadTranLowerState

Lower state of the transition

Type: string

Constraints:




NonRadTranMethod

Type: string

Constraints:




NonRadTranProbability

Type: floating-point number

Has DataType suffixes support

Constraints:




NonRadTranProcess

Type: string

Constraints:




NonRadTranRef

Type: string

Constraints:




NonRadTranSpecies

Type: string

Constraints:




NonRadTranType

Type: string

Constraints:




NonRadTranUpperState

Upper state of the transition

Type: string

Constraints:




NonRadTranWidth

Type: floating-point number

Has DataType suffixes support

Constraints:




ParticleCharge

Type: string

Constraints:




ParticleComment

Type: string

Constraints:




ParticleMass

Type: string

Has DataType suffixes support

Constraints:




ParticleMethod

Type: string

Constraints:




ParticleName

Particle name, one of photon, electron, muon, positron, neutron, alpha, cosmic

Type: string

Constraints:




ParticlePolarization

Type: floating-point number

Constraints:




ParticleRef

Type: string

Constraints:




ParticleSpeciesID

Type: string

Constraints:




ParticleSpin

Type: floating-point number

Constraints:




RadTransBroadeningDopplerComment

Comments relating to this Doppler broadening process

Type: string

Constraints:




RadTransBroadeningDopplerEnvironment

A reference to an Environment ID, describing the environment (in particular, temperature) for this Doppler broadening process

Type: string

Constraints:




RadTransBroadeningDopplerLineshapeName

The name of the lineshape resulting from this Doppler broadening process (‘gaussian’, most likely).

Type: string

Constraints:




RadTransBroadeningDopplerLineshapeParameter

A parameter to the Doppler lineshape

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransBroadeningDopplerLineshapeParameterName

The name of a parameter for the Doppler lineshape.

Type: string

Constraints:




RadTransBroadeningDopplerMethod

A reference to the method by which this Doppler broadening process is determined.

Type: string

Constraints:




RadTransBroadeningDopplerRef

A source reference for Doppler broadening process.

Type: string

Constraints:




RadTransBroadeningInstrumentComment

Comments relating to instrumental line broadening

Type: string

Constraints:




RadTransBroadeningInstrumentEnvironment

The ID of an Environment element, describing the environment of the intstrumental broadening process

Type: string

Constraints:




RadTransBroadeningInstrumentLineshapeName

Instrument broadening lineshape name

Type: string

Constraints:




RadTransBroadeningInstrumentLineshapeParameter

An instrument broadening lineshape parameter

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransBroadeningInstrumentLineshapeParameterName

The name of a parameter used in the description of an instrument-broadening lineshape.

Type: string

Constraints:




RadTransBroadeningInstrumentMethod

A reference to the Method by which the instrument-broadening process is determined.

Type: string

Constraints:




RadTransBroadeningInstrumentRef

A Source reference for the instrument-broadening process.

Type: string

Constraints:




RadTransBroadeningNaturalComment

Comments relating to this natural (radiative) broadening process

Type: string

Constraints:




RadTransBroadeningNaturalEnvironment

The ID of an Environment element, describing the environment of this natural broadening process

Type: string

Constraints:




RadTransBroadeningNaturalLineshapeName

The name of the line shape used to describe this natural line broadening

Type: string

Constraints:




RadTransBroadeningNaturalLineshapeParameter

A broadening parameter for natural broadening.

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransBroadeningNaturalLineshapeParameterName

The name of natural broadening parameters.

Type: string

Constraints:




RadTransBroadeningNaturalMethod

A reference to the Method by which this natural broadening line shape was determined

Type: string

Constraints:




RadTransBroadeningNaturalRef

A Source reference for this natural broadening line shape

Type: string

Constraints:




RadTransBroadeningPressureComment

Comments relating to this pressure broadening process

Type: string

Constraints:




RadTransBroadeningPressureEnvironment

A reference to the Environment element describing the environment (temperature, pressure, composition) of this pressure broadening process

Type: string

Constraints:




RadTransBroadeningPressureLineshapeName

The name of the line shape used to describe the line broadening by pressure-broadening.

Type: string

Constraints:




RadTransBroadeningPressureLineshapeParameter

A parameter to the pressure-broadened line shape.

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransBroadeningPressureLineshapeParameterFitArgumentDescription

Type: string

Constraints:




RadTransBroadeningPressureLineshapeParameterFitArgumentFunction

Type: floating-point number

Constraints:




RadTransBroadeningPressureLineshapeParameterFitArgumentLowerLimit

Type: floating-point number

Constraints:




RadTransBroadeningPressureLineshapeParameterFitArgumentName

Type: string

Constraints:




RadTransBroadeningPressureLineshapeParameterFitArgumentUnits

Type: string

Constraints:




RadTransBroadeningPressureLineshapeParameterFitArgumentUpperLimit

Type: floating-point number

Constraints:




RadTransBroadeningPressureLineshapeParameterFitParameterName

Type: string

Constraints:




RadTransBroadeningPressureLineshapeParameterName

The name of this parameter to the pressure-broadened line shape.

Type: string

Constraints:




RadTransBroadeningPressureMethod

A reference to the Method by which this pressure-broadened line shape was determined.

Type: string

Constraints:




RadTransBroadeningPressureRef

A Source reference for this pressure-broadened line shape.

Type: string

Constraints:




RadTransComment

(String)

Type: string

Constraints:




RadTransEffectiveLandeFactor

Effective Lande factor for a given transition

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransEnergy

The energy of a radiative transition

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransFrequency

Radiative transition frequency.

Units: MHz

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransGroup

Radiative transition group label

Type: string

Constraints:




RadTransID

Transition ID

Type: string

Constraints:




RadTransLowerStateRef

Reference to the lower State of this radiative transition.

Type: string

Constraints:




RadTransProbabilityA

The Einstein coefficient for spontaneous radiative de-excitation (emission) A.

Units: 1/s

Type: floating-point number

Has DataType suffixes support

Constraints: >= 0




RadTransProbabilityIdealisedIntensity

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransProbabilityKind

Type: string

Constraints:




RadTransProbabilityLineStrength

Line profile-integrated absorption for transition between two energy levels. Line strength K = h&nu; / 4&pi; (n<sub>1</sub> B<sub>12</sub> - n<sub>2</sub> B<sub>21</sub>)

Units: 1/cm

Type: floating-point number

Has DataType suffixes support

Constraints: >0




RadTransProbabilityLog10WeightedOscillatorStrength

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransProbabilityOscillatorStrength

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransProbabilityWeightedOscillatorStrength

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransProcess

Transition process, deexcitation or excitation

Type: string

Constraints:




RadTransRefs

Type: string

Constraints:




RadTransShifting

The pressure-shifting process for a radiative transition.

Type: string

Constraints:




RadTransShiftingComment

Comments relating to this pressure-shifting process.

Type: string

Constraints:




RadTransShiftingEnv

A reference to an Environment element giving the environment (pressure, temperature, composition) in which this pressure-shifting process occurs.

Type: string

Constraints:




RadTransShiftingMethod

Reference to the Method by which this pressure-shifting process was determined.

Type: string

Constraints:




RadTransShiftingName

Type: string

Constraints:




RadTransShiftingParam

Shifting parameter value

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransShiftingParamFitArgumentDescription

Type: string

Constraints:




RadTransShiftingParamFitArgumentLowerLimit

Type: floating-point number

Constraints:




RadTransShiftingParamFitArgumentName

List of argument names

Type: string

Constraints:




RadTransShiftingParamFitArgumentUnits

Type: string

Constraints:




RadTransShiftingParamFitArgumentUpperLimit

Type: floating-point number

Constraints:




RadTransShiftingParamFitFunction

Type: string

Constraints:




RadTransShiftingParamFitParameter

Type: string

Has DataType suffixes support

Constraints:




RadTransShiftingParamFitParameterName

Type: string

Constraints:




RadTransShiftingParamName

Type: string

Constraints:




RadTransShiftingRef

Reference to a Source for this pressure-shifting process.

Type: string

Constraints:




RadTransSpeciesRef

Type: string

Constraints:




RadTransTransitionType

A string, ‘excitation’ or ‘deexcitation’, determining whether a radiative transition is given in absorption or emission respectively

Type: string

Constraints:




RadTransUpperStateRef

The upper state for the transition

Type: string

Constraints:




RadTransWavelength

Radiative transition vacuum wavelength

Units: A

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransWavelengthAirToVac

The vactor to convert air wavelength to vacuum

Type: floating-point number

Has DataType suffixes support

Constraints:




RadTransWavelengthEnv

The environment reference which the wavelength was measured in

Type: string

Constraints:




RadTransWavelengthVacuum

Boolean whether the wavelength is in vacuum (default) or not.

Type: string

Constraints:




RadTransWavenumber

Radiative transition wavenumber.

Type: floating-point number

Has DataType suffixes support

Constraints:




SolidComment

Type: string

Constraints:




SolidLayerComment

Type: string

Constraints:




SolidLayerComponentComment

Type: string

Constraints:




SolidLayerComponentElementSymbol

Type: string

Constraints:




SolidLayerComponentMethod

Type: string

Constraints:




SolidLayerComponentNuclearCharge

Type: string

Constraints:




SolidLayerComponentPercentage

Type: floating-point number

Constraints:




SolidLayerComponentRef

Type: string

Constraints:




SolidLayerComponentStochiometricValue

Type: floating-point number

Constraints:




SolidLayerName

Type: string

Constraints:




SolidLayerTemperature

Type: string

Has DataType suffixes support

Constraints:




SolidLayerThickness

Type: string

Has DataType suffixes support

Constraints:




SolidLayerTopology

Type: string

Constraints:




SolidMethod

Type: string

Constraints:




SolidRef

Type: string

Constraints:




SolidSpeciesID

Type: string

Constraints:




SourceArticleNumber

Type: string

Constraints:




SourceAuthorName

Name of one of the authors

Type: string

Constraints:




SourceCategory

Type of publication, e.g. journal, book etc.

Type: string

Constraints: Journal | Book | Proceedings | On-line




SourceComments

Comments and notes connected with a Source (reference)

Type: string

Constraints:




SourceDOI

Digital Object Identifier of bibliography source

Type: string

Constraints:




SourceID

Type: string

Constraints:




SourceName

E.g. JQSRT

Type: string

Constraints:




SourcePageBegin

Starting page number

Type: integer number

Constraints: >=0




SourcePageEnd

Type: string

Constraints:




SourceTitle

Full title of the paper

Type: string

Constraints:




SourceURI

Webb link to the publication

Type: string

Constraints:




SourceVolume

Volumen number

Type: integer number

Constraints: >0




SourceYear

Publication Year

Type: integer number

Constraints: >0
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Custom HTTP headers of TAP-VAMDC

“TAP-VAMDC” is the working title for the emerging data-access services that
return data in XSAMS format.
To provide the easily-accessible statistics of the response document,
several custom HTTP headers were defined.
They are reported for both HTTP HEAD and HTTP GET queries to the
TAP-VAMDC sync endpoint.


Statistics

The following headers represent document statistics, all should be integer numbers.


	
	VAMDC-COUNT-SPECIES

	Total count of the atomic Ion and Molecule records with distinct SpecieID attribute.







	
	VAMDC-COUNT-ATOMS

	Count of the atomic Ion records with distinct SpecieID attribute.







	
	VAMDC-COUNT-MOLECULES

	Count of the Molecule records with distinct SpecieID attribute.







	
	VAMDC-COUNT-SOURCES

	Count of distinct Source records







	
	VAMDC-COUNT-STATES

	Count of distinct State records, both AtomicState and MolecularState combined







	
	VAMDC-COUNT-COLLISIONS

	Count of the CollisionalTransition elements of the Processes branch of XSAMS.







	
	VAMDC-COUNT-RADIATIVE

	Count of the RadiativeTransition elements of the Processes branch of XSAMS.







	
	VAMDC-COUNT-NONRADIATIVE

	Count of the NonRadiativeTransition elements of the Processes branch of XSAMS.









With a reasonable database layout the nodes should easily be able to
gather these numbers by running COUNT queries on their corresponding tables.




Volume limitation

A TAP-XSAMS service can limit the amount of data it returns via the synchronous
interface, for example to prevent the fetching of the whole database or for
performance reasons. The service may then fill the HTTP-header of the response
with the field VAMDC-TRUNCATED that indicates the percentage

VAMDC-TRUNCATED: 2.9 %




Document size estimate

VAMDC-APPROX-SIZE HTTP header is intended to provide the estimation of the size of the response document.
It should return an integer value, representing estimate uncompressed document size in megabytes.
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Introduction

The International Virtual Observatory Alliance (IVOA) registry allows astronomers to search, obtain details of, and leverage any of the resources located anywhere in the IVO space, namely in any Virtual Observatory. The IVOA defines the protocols and standards whereby different registry services are able to interoperate and thereby realise this goal.
IVOA registry defines interfaces on how to query and share resources. Software is written to conform to standard interfaces in order to assist scientific utilities to access particular resource. A resource in this context is represented in XML form and is stored in the registry. A resource may describe anything about an observatory, particular instrument, another registry, and services such as catalogue or table type services, cone searches. Extensions can be made if necessary and this functionality is made available for VAMDC.


Resource definition

Resources conform to a standard schema and every XML request is validated to the schema before it can be submitted to the registry for querying.
More information on IVOA schemas can be found here: http://www.ivoa.net/xml/index.html




VOResource and Dublin Core

XML resources derive from a common top layer schema titled ‘VOResource’. The VOResource may also be referred to as ‘Core’ or ‘Dublin Core’ as it contains the complete set of the necessary core data.
More information on VOResource documentation can be found here: http://www.ivoa.net/Documents/REC/ReR/VOResource-20080222.html




Identifier

Every resource in the registry must have an identifier (similar a primary key), which is URI based. A sample: ivo://vamdc/chianti/chianti_catalogue_service

Identifier must be in the following form:

ivo://{authorityid}/{resourcekey}





Registry manages authorityIDs. Any other registry cannot duplicate an authorityID, it is owned by one registry only.  For the purposes of VAMDC only one authority id vamdc is managed at present.
ResourceKey is a localised name and is unique in respect of the authorityID.

Though an identifier can be of any form, it is widely accepted that authorityID is a domain name or a subsection of an institute, such as mssl.ucl.ac.uk or climatephysics.mssl.ucl.ac.uk.  Currently the assumption has been made that VAMDC only needs one main registry and will use the authority ID vamdc. A ResourceKey is typically a name with reference to the registered resource.


	More information about registry identifiers can be obtained below

	http://www.ivoa.net/Documents/REC/Identifiers/Identifiers-20070302.html






Virtual Observatory Support Interface (VOSI)

The Support interface is required by all IVOA compliant services and defines common interfaces for its services. The registry uses common support interfaces to help populate resources in the registry.


	Capability - All services define capability metadata, which comprises of XML formatted metadata that describes a particular capability and location of this particular service. The capability also describes what standards this service conforms to. Certain capabilities will be to other VOSI interfaces or the VAMDC-TAP service location along with what standard interface it supports for VAMDC-TAP. Registry uses this VOSI location of the capability metadata to property fill out the resource in the registry. If other VOSI locations are present such as Table and Application metadata it additionally harvests that data.

	Table Metadata - Another VOSI interface in XML form to describe table metadata for Catalogue services. Not used within VAMDC

	Application Metadata - Not part of VOSI, an extension created to have a piece of XML VOSI for application description. Not used within VAMDC

	Availability - Not used by the registry, but is provided as a Support interface to make retrieve information of uptime and other availability information concerning the service. Is used for service monitoring purposes.
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Web Administration

The End User does not have the capability to access registry via this Web interface. Only Scientist and other Technical users of VAMDC can use the registry to add or update resources in the VAMDC registry. End Users use other client programs such as the Astrogrid VODesktop to query on the resources located inside the registry.


Location, home page and menus

Production registry: http://registry.vamdc.eu/registry-12.07/

Registry of legacy system: http://registry.vamdc.org/registry-11.12/

Development registry: http://casx019-zone1.ast.cam.ac.uk/registry/


Welcome page

The First page is simply a ‘Welcome’ page to provide access to the capabilities of the registry in the menu items. The Welcome page displays the AuthorityID setup by this registry.

Within the scope of this User Guide only the Querying/Creating/Updating resources are considered (see Creating a resource ). The other administration parts of the registry are discussed in the Administrator section of the registry.
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Creating a resource

Choosing ‘Create Entry’ will begin creating a new resource, you must choose a unique identifier for this registry and the ‘type’ of resource. (See Creating a resource )
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Core Data

The Core Data as shown in Figure 3 must be filled out prior to creating a resource. It is the Core part of the resource XML, which is entered into the registry. A ‘help’ link is provided next to each field to help enter the data. It is desirable to open the help link as a new tab or window.
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Browsing the registry

Several menu options exist to query or investigate the registry, however the most commonly used option is ‘Browse’. When initially clicked, all the resources in the registry are displayed. It is possible to filter by identifier if needed. Only selected information is shown about the resource on the Browse screen including title, type of resource, and identifier (see Browse). It may be necessary to select to perform a particular action or task on the resource such as updating, viewing, or see the raw XML.



[image: ../_images/browseWindow.png]
Browse









Update resource option

On the Browse registry page ‘Edit’ link in the Query pages (shown in Browse) is available to fulfil the options of resource detail update. A choice of Updating the Core Information, Updating other information via the VOSI interface, Updating Coverage information, and finally an Update Screen that gives access to the Raw XML are available.



[image: ../_images/editWindow.png]
Edit Choice









Edit core

Similar page as ‘Creating a resource’ with the html form fields populated with what is contained in the registry is shown in Updating Core metadata.



[image: ../_images/updatingCoreWindow.png]
Updating Core metadata









Using VOSI

After Creating or during Updating a service an option is be given to update the service with a VOSI capabilities location.  This reads the XML metadata and populates the resource accordingly (shown in Populating resource based on VOSI/Capabilities). This Form expects a VOSI URL to point to ‘Capabilities’ URL that describes locations and standards of this service and VOSI services (see Populating resource based on VOSI/Capabilities).



[image: ../_images/vosi.png]
Populating resource based on VOSI/Capabilities









Editing an existing resource (raw XML)

Populating resource based on VOSI/Capabilities demonstrates the ability to upload Raw XML, local file, URL location or using an html Text box.  Options shown in Using raw XML to update or create resources may be useful if an XML resource is already locally saved, one may then edit manually and directly upload a new update. This option is also useful for making quick changes. When submitted it is validated and placed into the registry.



Note

If you change the identifier to something that is not in the registry it will automatically create the entry in the registry.




[image: ../_images/rawXml.png]
Using raw XML to update or create resources











Video tutorial

You can download a video tutorial for using the registry administration web pages here [http://www.vamdc.org/downloads/usingVAMDCRegistryWebPages.mov] .







          

      

      

    


    
         Copyright 2010-2012, VAMDC.
      Created using Sphinx 1.2.2.
    

  

    
      Navigation

      
        	
          index

        	
          next |

        	
          previous |

        	standards documentation 

          	Registry user’s guide [v 12.07] [r 12.07] 
 
      

    


    
      
          
            
  
Querying

Querying requires software to conform to the IVOA registry interface specification: http://www.ivoa.net/Documents/RegistryInterface/ .
There are four main query methods:


	Xquery - not supported in all IVOA registries, but VAMDC does support Xquery. It is the most advanced way of querying on the registry. But requires knowledge of all the registration schema structure to construct certain XPATH nodes. Software such as Astrogrid VODesktop gives you a simple query interface and performs the more complex Xquery behind the scenes.

	ADQL - also an advanced way of querying the registry. It is an SQL form over XML. It does not have all the functionality as Xquery such as ADQL can only return the full resource from the registry, but is standard and all IVOA registries conform to ADQL. Software that wants to be certain to work for all IVOA registries tend to use this method such as TopCat.

	KeywordSearch - generic keyword search mechanism.

	GetResource - gets one particular resource entry from the registry, knowing that resource IVOA identifier.



See Querying the Registry for VAMDC Resources for the available libraries and help querying of the registry.


XQuery

The recommended way to look for things in the registry is to send in queries in the XQuery language. The registry responds with XML documents carrying the information matching the query.

For a given XQuery and for a given programming language, the details of the query can be encapsulated in a client library; the library phrases the query based on simple parameters to a method call. This has been done for typical VAMDC queries from Java, and the library is described below. Often this is all you need, but sometimes it is easier or more efficient to make the query directly from your application code.

If you do not understand the basics of XQuery you will not understand the details of this section. Either skip ahead to the descriptions of the client library or have a look at an XQuery tutorial.

This is an example of a registry XQuery. It finds the formal names of all the VAMDC-TAP services.

declare namespace ri='http://www.ivoa.net/xml/RegistryInterface/v1.0';
for $x in //ri:Resource
where $x/capability[@standardID='ivo://vamdc/std/VAMDC-TAP']
and $x/@status='active'
return $x/identifier





The query could be translated as “Find all the registration documents containing a capability with the VAMDC-TAP identifier, taking only those for active services; give me the IVORNs and throw the rest away”. The XPath construct //ri:Resource means “all the registration documents”. Because this searches for a type of element, and because types have namespaces, we have to map the namespace to a prefix (the first line) and use that prefix in specifying the type (the ri: in ri:Resource).

The registry’s response will be be a document containing identifier elements as immediate children of the document element.

Most queries will be in this general form. It is important to restrict the search to active resources because the registry contains some that are “inactive” (resting, pending refurbishment) or “deleted” (gone for good, but not actually removed from the registry database).

This is a possible rearrangement of the query above.

declare namespace ri='http://www.ivoa.net/xml/RegistryInterface/v1.0';
return //ri:Resource[capability[@standardID='ivo://ivoa.net/std/TAP' and @status='active']/identifier





The constraints have been moved inside the square brackets in the return clause and the where clause disappears. Both queries should raise the same results; you can use whichever form is easiest for you.

Here is a different query, searching for TAP services.

declare namespace ri='http://www.ivoa.net/xml/RegistryInterface/v1.0';
for $x in //ri:Resource
where $x/capability[@standardID='ivo://ivoa.net/std/TAP']
and $x/@status='active'
return $x





Here, the identifier for the capability is different - IVOA TAP instead of VAMDC-TAP - and, more importantly, the query returns all the parts of the registration documents, not just the identifiers.

As a final example, here is a query to give the access URLs (the URLs to which you would send the data query) for VAMDC-TAP services that can return data on measured wavelengths of radiative transitions.

declare namespace ri='http://www.ivoa.net/xml/RegistryInterface/v1.0';
for $x in //ri:Resource
where $x/capability[@standardID='ivo://vamdc/std/VAMDC-TAP'
and returnable='RadTransWavelengthExperimentalValue']
and $x/@status='active'
return $x/capability[@standardID='ivo://vamdc/std/VAMDC-TAP']/interface/accessURL





The new trick here is to have a constraint - the part in square brackets - in both the where clause and the return clause. The constraint in the WHERE clause finds the right registrations and the one in the return clause makes sure that we get the URLs only from the VAMDC-TAP interfaces and not from any other interfaces those services might have.

The search term RadTransWavelengthExperimentalValue comes from the VAMDC dictionary. It appears in the query because VAMDC-TAP service register their returnables using that dictionary. The term is not inherent to XQuery or to the registry.
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Querying the Registry for VAMDC Resources

There are, broadly, four ways to put a query to the registry from Java. In increasing order of abstraction and preference they are:



	Call the registry (SOAP) web-service directly.

	Use the AstroGrid [http://www.astrogrid.org/] client library.

	Use the AstroGrid Astro-Runtime API.

	Use the VAMDC client library.






The AstroGrid client library [http://software.astrogrid.org/doc/p/registry/2009.1/client/index.html] is worth considering. If you have a simple query (e.g. if you already know the identifier for the service of choice and just want to extract the access URL) then the library is quite good. If you have a more-general query, particularly one that will return results from more than one registration, then the library has to be forced into a non-standard configuration to work properly.

The Astro Runtime [http://www.astrogrid.org/wiki/Help/AstroRuntime] is a better abstraction for the registry and is actually intended for applications programmers (the AstroGrid client-library above is aimed at system engineers). It can return results as Java objects rather than as XML, which is sometimes easier to deal with. However, you have to write your own query text, typically in XQuery.
There is a VAMDC client-library (see below), which tries to abstract common queries so you don’t need to write any XQuery text. This library knows about (some of) the service types important in VAMDC. Support for forming queries is good. Support for parsing the results is limited; you either get a DOM or simple values in strings, depending on the kind of query.


VAMDC registry query library

A small (single-class) library is available for VAMDC work. Version 3.0 of this library as well as a zip file containing all the third-party, supporting jars are available for download from the links below. (The AstroGrid client-library for the registry is one of the third-party jars if you want to use it directly.)


	VAMDC registry-client library version 3.0 [http://www.vamdc.org/downloads/registry-client-3.0.jar]

	3rd-party jars supporting the registry-client library [http://www.vamdc.org/downloads/registry-client-dependencies.zip]



Some usage notes follow. For the full range of function, see the Javadoc. Other technical descriptions of the software are available, but the main documentation is this page and the Javadoc.

To use the library, instantiate the single class eu.vamdc.registry.Registry. Each method call makes one registry query (internally, some of them make a sequence of queries but you receive a single set of results). You can reuse the object for multiple, successive queries, but it is not safe to share it between threads. The no-argument constructor makes a client for the release registry. To use the development registry, pass the constant Registry.DEVELOPMENT_REGISTRY_ENDPOINT to the constructor (that is a string literal stating the endpoint for the registry of choice). The ability to select the development registry was added in v2.0 of the client.

The library lets you query for three kinds of information: whole registration documents, IVORNs and access URLs. The latter two types are delivered as lists or sets of strings and the registration documents as org.w3c.dom.Document instances. In the documents, the document element is an uninteresting wrapper and the query results are its first-level children.

Here is an example of finding all the TAP services (this matches one of the XQuery examples in the section above):

import eu.vamdc.registry.Registry;
import org.w3c.dom.Document;
import org.w3c.dom.NodeList;
...
    Registry reggie = new Registry();
    Document results = reggie.findTap();
    NodeList nl = results.getDocumentElement().getElementsByTagName("ri:Resource");
    for (int i = 0; i < nl.getLength(); i++) {
        // Do something with this registration document...
    }





You could also dismantle the results document using XSLT or XPATH. This might be better than using the DOM API.

If you want all the information for all the VAMDC-TAP services in the registry, there is a convenience method:

import eu.vamdc.registry.Registry;
Registry reggie = new Registry();
Document results = reggie.findVamdcTap();





Sometimes you just want the access URLs for a class of services. Here is how:

import eu.vamdc.registry.Registry;
import java.net.URL;
import java.util.Set;
...
    Registry reggie = new Registry();
    Set<String> results = reggie.findAccessUrlsByCapability(Registry.VAMDC_TAP_ID);
    for (String s : results) {
        URL u = new URL(s);
        // Use this service...
    }





Note the use of a string constant to set the standard-identifier for VAMDC-TAP. You could also write the literal identifier: ivo://vamdc/std/VAMDC-TAP.

If you want to select resources by special criteria, then you have to supply your own XQuery. Using the last example from the XQuery section above, this code looks for the access URLs of VAMDC-TAP services that can give wavelength data.

import eu.vamdc.registry.Registry;
import org.w3c.dom.Document;
import org.w3c.dom.NodeList;
...
    Registry reggie = new Registry();
    String query =
        "declare namespace ri='http://www.ivoa.net/xml/RegistryInterface/v1.0'; " +
        "for $x in //ri:Resource " +
        "where $x/capability[@standardID='ivo://vamdc/std/VAMDC-TAP' " +
        "and restrictable='AtomSymbol'] " +
        "and $x/@status='active' " +
        "return $x/capability[@standardID='ivo://vamdc/std/VAMDC-TAP']/interface/accessURL";
    Document results = reggie.executeXquery(query);
    //    NodeList nl = results.getDocumentElement().getElementsByTagName("ri:Resource");
    NodeList nl = results.getDocumentElement().getElementsByTagName("accessURL");
    for (int i = 0; i < nl.getLength(); i++) {
        // Do something with this information...
        System.out.println(nl.item(i).getFirstChild().getNodeValue());
    }





Note the spaces at the end of each fragment of the query: these are necessary to make the overall query correct.


Sample registry query project

Some sample query routines are demonstrated in this eclipse project: registry-query-sample-project.tar.gz [http://www.vamdc.org/downloads/registry-query-sample-project.tar.gz]

Routines are:


	Collection getIVOAIDs() - get all IVOA identifiers for TAP-VAMDC services

	String getTapURL(String ivoaid) - get access URL for specific service

	Collection getRestrictables(String ivoaID) - get list of supported restrictables for specific service








Lightweight VAMDC Registry Client

Another implementation of VAMDC registry client library exists, used by VAMDC Portal and TAPValidator tool.

This client has some specific features:


	Higher-level client, instantly provides VAMDC-TAP and XSAMS Processor service access URLs.

	Uses JAXB mappings for passing registration information.

	Does one registry lookup at instantiation time, then uses cached results.

	Does not require any legacy Astrogrid library code, smaller dependencies footprint.



It will be available for download from VAMDC official libraries section later on.




VAMDC web-portal

If you are only interested in getting data from VAMDC-TAP data-services, then you can access them through
VAMDC web-portal, which handles registry lookups by itself.




Astrogrid VODesktop

This user guide only shows how to point to the VAMDC registry with Astrogrid VODesktop and the main query screen for the registry.

http://www.astrogrid.org


StartUp

When VODesktop is launched, the first screen is normally VOExplorer. You can also find VOExplorer by selecting Window -> New VOExplorer in the menu. VOExplorer allows you to search the registry for resources in the registry.  Once you select a resource you can View its contents and perform certain actions that VODesktop might be aware of such as querying a Catalogue Service or running a particular Application.



[image: ../_images/searchRegistryWindow.png]
Search registry window






Clicking the ‘New Smart List’ button brings up a window to begin searching on the registry. As the Text Boxes are filled out it queries registries for a ‘count’ of how many resources would be returned, and allow making the decision to perform the query or add new constraints.



[image: ../_images/resourceListWindow.png]
Resource list window









Preferences

In the case of not being able to find any VAMDC resources it is possible that you located an incorrect registry. By clicking on VODesktop->Preferences brings up a window that allows switching to a different registry. Ensure that the correct VAMDC registry is selected (pointed to).

Production registry:
http://registry.vamdc.eu/vamdc_registry/services/RegistryQueryv1_0

Development registry:
http://casx019-zone1.ast.cam.ac.uk/registry/services/RegistryQueryv1_0



[image: ../_images/voPreferences.png]
VO Preferences
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Registering VAMDC-TAP


Registration process

If you are a new user you must first get a password to register your service in the registry.  For passwords contact registry @ vamdc.eu .

The registration process is as follows:


	Install VAMDC-TAP service on a web visible server.



	Go to registry web user interface and register your service core data. (As explained in Web Administration)



	Ask the registry to load VOSI data from your service. You invoke this from the registry’s web user-interface (see Web Administration) and the registry reads the capability data described below. You have to provide the URL for the VOSI data. In a typical VAMDC-TAP service this will be a URL ending in tap/capabilities; e.g.:

http://vald.astro.uu.se/tap/capabilities












Structure of registration document (capabilities)

The registry contains an XML registration-document for each known service (and for a few things that are not strictly services, but we ignore them here).

Inside each service registration-document there are capability elements defining the kinds of service provided. Inside each capability is an interface (sometimes more than one) and inside each interface is an accessURL element the value of which defines where to find that part of the service.

A typical registry query from code looks only at the capabilities and ignores the rest of the registration.

Here’s an example of a capability:

<capability standardID="ivo://ivoa.net/std/TAP">
    <interface xsi:type="vs:ParamHTTP">
        <accessURL use="base">http://vald.astro.uu.se/tap/</accessURL>
    </interface>
</capability>





This refers to a web service on the Uppsala mirror of VALD.

Note the standardID attribute: the value of this identifies this capability as IVOA’s Table Access Protocol (TAP) web-service. Capabilities for standard protocols always have a standardID attribute to tell them apart.

The interface element has xsi:type="vs:ParamHTTP", meaning that basic HTTP GET or POST work on this interface, and that HTTP parameters are involved in the protocol. Other types are vs:WebService, meaning a SOAP endpoint, and vr:WebBrowser, meaning a web site for interactive viewing.
The accessURL element identifies a web-resource on a server in Uppsala. The use=”base” attribute means that the client must add a suffix to the given URL to get a working URL for a query. The nature of the suffix is defined by the protocol identified in the standardID attribute of the capability. Here, because it is TAP, we know to add /sync? and then the HTTP parameters defining a query.
Here is another example, from the same registration.

<capability standardID="ivo://vamdc/std/VAMDC-TAP"
    xmlns:tx="http://www.vamdc.org/xml/VAMDC-TAP/v1.0" xsi:type="tx:VamdcTap">
    <interface xsi:type="vs:ParamHTTP">
        <accessURL use="base">http://vald.astro.uu.se/tap/</accessURL>
    </interface>
    <returnable>AtomStateLandeFactorRef</returnable>
    <returnable>AtomNuclearCharge</returnable>
    <returnable>SourceCategory</returnable>
    ...
    <restrictable>AtomStateEnergy</restrictable>
    <restrictable>AtomNuclearCharge</restrictable>
    <restrictable>RadTransLogGF</restrictable>
    <restrictable>AtomSymbol</restrictable>
    <restrictable>RadTransWavelengthExperimentalValue</restrictable>
    <restrictable>AtomIonCharge</restrictable>
</capability>





This is the VAMDC-TAP capability for the same VALD mirror. It is very similar to the TAP example (VAMDC-TAP being a specialization of TAP); in fact the access URL is the same.

The main difference is the returnable and restrictable elements following the interface element. The returnables tell you which quantities can be obtained from this service. The restrictables tell you which terms can be used as contraints in the query (i.e. which column names can appear in the WHERE clause of a query).

The standardID value identifies this capability as VAMDC-TAP. The xsi:type attribute identifies the structural type as one for which the XML schema allows the returnable and restrictable children.

In both these examples, and in all capabilities you are likely to see, the elements are in the default namespace. This means that they are written without a namespace prefix, and you do not state a namespace when searching for elements by their names. However, some of the types have specific namespaces; if you search for elements by type you will have to deal with their those.

Please note the exact namespace used for the VAMDC-TAP example, above: http://www.vamdc.org/xml/VAMDC-TAP/v1.0. Earlier examples used the namespace http://www.vamdc.eu/xml/TAPXSAMS/v1.0 which is no longer valid.
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Change log for registry guide


Changes between v11.05 and v11.12

The standardID value identifying the capability for VAMDC nodes has changed from ivo://vamdc/std/TAP-XSAMS to ivo://vamdc/std/VAMDC-TAP. The examples of querying have been updated accordingly.

The namespace of the schema ruling the VAMDC-TAP capability has changed from http://www.vamdc.eu/xml/TAPXSAMS/v1.0 to http://www.vamdc.org/xml/VAMDC-TAP/v1.0. The section on registering services have been updated accordingly.

The recommended version of the VAMDC client-library for the registry is changed from 2.0 to 3.0.

The sample project associated with the guide used some out-of-date constants. These have been updated to the current standard.
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Unit Conversion Table  [v 11.12] [r 12.07]


	c = 2.99792458E5 km/s

	h = 6.626069574E10-27 erg*s = 4.1356675169E-15 eV*s




Wavelength/Wavenumber/Frequency


















	from\to
	Å
	nm
	microns
	mm
	cm
	m
	1/cm
	Hz
	kHz
	MHz
	GHz
	THz




	Å
	x1
	x0.1
	x10^-4
	x10^-7
	x10^-8
	x10^-10
	10^8/
	cx10^13/
	cx10^10/
	cx10^7/
	cx10^4/
	cx10/


	nm
	x10
	x1
	x10^-3
	x10^-6
	x10^-7
	x10^-9
	10^7/
	cx10^12/
	cx10^9/
	cx10^6/
	cx10^3/
	c/


	microns
	x10^4
	x10^3
	x1
	x10^-3
	x10^-4
	x10^-6
	10^4/
	cx10^9/
	cx10^6/
	cx10^3/
	c/
	cx10^-3/


	mm
	x10^7
	x10^6
	x10^3
	x1
	x0.1
	x10^-3
	10/
	cx10^6/
	cx10^3/
	c/
	cx10^-3/
	cx10^-6/


	cm
	x10^8
	x10^7
	x10^4
	x10
	x1
	x0.01
	1/
	cx10^5/
	cx10^2/
	cx0.1/
	cx10^-4/
	cx10^-7/


	m
	x10^10
	x10^9
	x10^6
	x10^3
	x100
	x1
	0.01/
	cx10^3/
	c/
	cx10^-3/
	cx10^-6/
	cx10^-9/


	1/cm
	10^8/
	10^7/
	10^4/
	10/
	1/
	0.01/
	x1
	/(cx10^5)
	/(cx10^2)
	/(cx0.1)
	/(cx10^-4)
	/(cx10^-7)


	Hz
	cx10^13/
	cx10^12/
	cx10^9/
	cx10^6/
	cx10^5/
	cx10^3/
	/(cx10^5)
	x1
	x10^-3
	x10^-6
	x10^-9
	x10^-12


	kHz
	cx10^10/
	cx10^9/
	cx10^6/
	cx10^3/
	cx10^2/
	c/
	/(cx10^2)
	x10^3
	x1
	x10^-3
	x10^-6
	x10^-9


	MHz
	cx10^7/
	cx10^6/
	cx10^3/
	c/
	cx0.1/
	cx10^-3/
	/(cx0.1)
	x10^6
	x10^3
	x1
	x10^-3
	x10^-6


	GHz
	cx10^4/
	cx10^3/
	c/
	cx10^-3/
	cx10^-4/
	cx10^-6/
	/(cx10^-4)
	x10^9
	x10^6
	x10^3
	x1
	x10^-3


	THz
	cx10/
	c/
	cx10^-6/
	cx10^-6/
	cx10^-7/
	cx10^-9/
	/(cx10^-7)
	x10^12
	x10^9
	x10^6
	x10^3
	x1








Energy











	from\to
	J
	erg
	eV
	1/cm
	Hz




	J
	x1
	x10^7
	x6.24150934x10^18
	x5.03411701x10^22
	x1.509190311x10^33


	erg
	x10^-7
	x1
	x6.24150934x10^11
	x5.03411701x10^15
	x1.509190311x10^26


	eV
	x1.602176565x10^-19
	x1.602176565x10^-12
	x1
	x8.06554429x10^3
	x2.417989349x10^14


	1/cm
	x1.986445684x10^-23
	x1.986445684x10^-16
	x1.239841930x10^-4
	x1
	/(cx10^5)


	Hz
	x6.626069574x10^-34
	x6.626069574x10^-27
	x4.135667517x10^-15
	/(cx10^5)
	x1





—   Conversion coefficients are based on constant values from the NIST
http://physics.nist.gov/cuu/Constants/index.htmlhttp://physics.nist.gov/cuu/Constants/index.html
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InChI/InChIKey [v 11.12] [r 12.07]


Species Identification: The IUPAC International Chemical Identifier (InChITM)

In order to uniquely identify common species across participant VAMDC databases, the Standard IUPAC International Chemical Identifier, and in particular a hash (based on SHA-1) of this identifier (the Standard InChIKey) must be generated for each species (i.e. atom or molecule) within each participant VAMDC node.

This is a brief overview of InChI and InChIKey.  For futher informaiton see the documentation at IUPAC [http://www.iupac.org/inchi/].


InChI(Key) Generation for VAMDC - Quick Summary

To ensure compatibility with external databases, and to give VAMDC members the widest choice of tools:


	The structure of all species must be specified in a form that can be converted into InChI(Key).  The preferred forms are .mol, .sdf (which can be converted directly by the InChI Trust software), CML or SMILES (which can be converted using a tool such as Openbabel).

	All InChI(Key)s within VAMDC must be Standard InChI(Key)s.

	When generating InChI(Key)s, the most abundant isotopes of elements must not be explicitly specified (though see the possible exceptions below).

	When generating InChI(Key)s, only isotopes that differ from the most abundant must be explicitly specified (e.g. Carbon-13, Oxygen-18).






Scope of the InChI

InChI is defined as “a series of characters derived by applying a set of rules to a chemical structure to provide a unique digital ‘signature’ for a compound.”

Included in the scope of InChI:


	Elements

	Well defined covalently bonded organic molecules

	Organometallic molecules



Excluded from the scope of InChI:


	Polymers

	Electronic States

	Conformations

	Nuclear Spin isomers






Structure of an InChI

The InChI has a layered structure and up to 6 layers can be specified:

{InChI version}
1. Main Layer (M):
/{formula}
/c{connections}
/h{H_atoms}
2. Charge Layer
/q{charge}
/p{protons}
3. Stereo Layer
/b{stereo:dbond}
/t{stereo:sp3}
/m{stereo:sp3:inverted}
/s{stereo:type (1=abs, 2=rel, 3=rac)}
4. Isotopic Layer (MI):
/i{isotopic:atoms}*
/h{isotopic:exchangeable_H}
/b{isotopic:stereo:dbond}
/t{isotopic:stereo:sp3}
/m{isotopic:stereo:sp3:inverted}
/s{isotopic:stereo:type (1=abs, 2=rel, 3=rac)}
5. Fixed H Layer (F):
/f{fixed_H:formula}*
/h{fixed_H:H_fixed}
/q{fixed_H:charge}
/b{fixed_H:stereo:dbond}
/t{fixed_H:stereo:sp3}
/m{fixed_H:stereo:sp3:inverted}
/s{fixed_H:stereo:type (1=abs, 2=rel, 3=rac)}
(6.) Fixed/Isotopic Combination (FI)
/i{fixed_H:isotopic:atoms}*
/b{fixed_H:isotopic:stereo:dbond}
/t{fixed_H:isotopic:stereo:sp3}
/m{fixed_H:isotopic:stereo:sp3:inverted}
/s{fixed_H:isotopic:stereo:type (1=abs, 2=rel, 3=rac)}
/o{transposition}





See the InChI Technical Manual [http://www.inchi-trust.org/sites/default/files/inchi-1.04/InChI_TechMan.pdf] for more details.




Standard vs Non-Standard

Standard InChI was defined to ensure interoperability/compatibility between large databases/web searching & information exchange. It is a subset of InChI.

Standard InChI distinguishes between chemical substances at the level of “connectivity, “stereochemistry”, and “isotopic composition”, where:


	connectivity means tautomer-invariant valence-bond connectivity; different tautomers have the same connectivity/hydrogen layer

	stereochemistry means configuration of stereogenic atoms and bonds; only absolute stereo or no stereo at all is allowed; unknown stereo designations are treated as undefined;

	isotopic composition means mass number of isotopic atoms (when specified)



Standard InChI prefix:  InChI=1S/...........

Non-standard InChI prefix: InChI=1/...........

The Standard InChI organometallic representation does not include bonds to metal for the time being.  This has important implications for some species - e.g. metal cyanides and isocyanides are currently indistinguishable with Standard InChI.  (Depending on how many molecules this affects, we may need to make some exceptions to the Standard InChI rule.)




Internal InChI Generation Algorithm

The process of generating an InChI takes the following structure normalization steps:

Step 1. Alter the structure drawing

Step 2. Disconnect “salts”

Step 3. Disconnect metals

Step 4. Eliminate radicals if possible

Step 5. Process variable protonation (charges and mobile H)

Step 5.1. Remove protons from charged heteroatoms

Step 5.2. Remove protons from neutral heteroatoms

Step 5.3. Add protons to reduce negative charge

Step 6. Process charges and mobile H

Step 6, procedure 1: Simple tautomerism detection

Step 6, procedure 2. Moveable positive charge detection

Step 6, procedure 3. Additional normalization

See the InChI Technical Manual [http://www.inchi-trust.org/sites/default/files/inchi-1.04/InChI_TechMan.pdf] for more details.




The InChIKey

The InChIKey is a fixed length SHA-256 hash of InChI (27 characters, including two hyphens).  Its fixed length makes it easy to index and it is thus designed for databases and web searching.

The InChIKey also serves as a checksum for verifying an InChI, for example, after transmission over a network.

The structure of the InChIKey is illustrated thus:

AAAAAAAAAAAAAA-BBBBBBBBFV-P

It consists of:

14 character hash of basic InChI layer - encodes molecular skeleton (should be the same for all isotopologues)

8 character hash of remaining layers (except protonation)

F = S or N (standard or non-standard)

V = A (InChI version 1)

P = (de) protonation indicator = N for neutral, M for -1, O for +1 proton, etc




Standard InChIKey vs InChIKey

Standard:

InChI=1S/...........
AAAAAAAAAAAAAA-BBBBBBBBSA-P





Non-standard:

InChI=1/...........
AAAAAAAAAAAAAA-BBBBBBBBNA-P





As with InChI, Standard InChIKeys do not account for tautomerism & indicates only absolute stereo (or completely ignores stereo).  Also does not account for original structure’s bonds to metal.




How to Generate InChI(Key)s

In all cases, within VAMDC, the Standard InChI(Key) must be generated.

The species must be written in a chemoinformatic form which specifies its structure.  The core version 1.04 InChI Tools only support the .mol and .sdf formats. CML was supported by InChI version 1.03, but this was withdrawn in version 1.04 (though OpenBabel supports this and many other input formats - e.g. SMILES).

Use the InChI Trust Software

http://www.inchi-trust.org/

Input must be in the form of .MOL or .SDFile.  Version 1.03 accepts CML format as well.

Use an online converter:

InChI Trust Experimental Converter [http://inchi.info/converter_en.html]

(experimental converter powered by OASA/BKChem [http://bkchem.zirael.org/])

QUB Experimental Converter [http://star.pst.qub.ac.uk/sne/inchidevel/psdb/]

(experimental converter powered by Openbabel [http://openbabel.org/wiki/Main_Page])

Use conversion tools:

E.g. Openbabel [http://openbabel.org/wiki/Main_Page].  Openbabel facilitates conversions from many different formats (e.g. .mol, .sdf, SMILES, CML)

Use a chemical drawing package:

E.g. Chemsketch [http://www.acdlabs.com/download/]

Web Based Lookup:

NIST Webbook [http://webbook.nist.gov/chemistry/]

ChemSpider [http://www.chemspider.com/]

Cactus [http://cactus.nci.nih.gov/chemical/structure]




Example Conversion

The example below is for Methane:

SMILES:

C

or (explicitly specifying hydrogen):

[C]([H])([H])([H])[H]

CML:

<molecule id="CH4-1">
<atomArray>
  <atom id="C1" elementType="C"/>
  <atom id="H1" elementType="H"/>
  <atom id="H2" elementType="H"/>
  <atom id="H3" elementType="H"/>
  <atom id="H4" elementType="H"/>
</atomArray>
<bondArray>
  <bond atomRefs2="C1 H1" id="C1_H1" order="S"/>
  <bond atomRefs2="C1 H2" id="C1_H2" order="S"/>
  <bond atomRefs2="C1 H3" id="C1_H3" order="S"/>
  <bond atomRefs2="C1 H4" id="C1_H4" order="S"/>
</bondArray>
</molecule>





Both inputs will result in the following InChI and InChIKey:

InChI=1S/CH4/h1H4
VNWKTOKETHGBQD-UHFFFAOYSA-N








Standard InChI/InChIKey, Isomers and Isotopologues

Some, but not all, isomerism is supported in Standard InChI(Key).

Structural isomers (same molecular formula, different connectivity) always yield different Standard InChI(Key)s.

Some stereoisomers (same molecular formula, different spatial orientation), such as cis- and trans- versions of a species can also yield distinct Standard InChI(Key)s.  Note, however, that this is not always true.  Two examples are cis- and trans-hydroxymethylene and cis- and trans-difluoroethene.  The former yields only one distinct InChI(Key).  The latter yields two distinct InChI(Key)s.

Different isotopologues (same molecule, same structure, different constituent isotopes) also yield different Standard InChI(Key)s.  Note that in the case of isotopologues, ONLY the elements in the species that differ from the most abundant isotopes should have their isotopes explicitly specified.  (See also the last section of this document.)

The example below is for C-13 Methane:

SMILES:

[13CH4]

or (explicitly specifying hydrogen):

[13C]([H])([H])([H])[H]

CML:

<molecule id="CH4-2">
<atomArray>
  <atom id="C1" elementType="C" isotopeNumber="13"/>
  <atom id="H1" elementType="H"/>
  <atom id="H2" elementType="H"/>
  <atom id="H3" elementType="H"/>
  <atom id="H4" elementType="H"/>
</atomArray>
<bondArray>
  <bond atomRefs2="C1 H1" id="C1_H1" order="S"/>
  <bond atomRefs2="C1 H2" id="C1_H2" order="S"/>
  <bond atomRefs2="C1 H3" id="C1_H3" order="S"/>
  <bond atomRefs2="C1 H4" id="C1_H4" order="S"/>
</bondArray>
</molecule>





Both inputs will result in the following InChI and InChIKey:

InChI=1S/CH4/h1H4/i1+1
VNWKTOKETHGBQD-OUBTZVSYSA-N





Note that the first 14 characters of the InChIKey are identical to the one generated above for C-12 methane.




User Specification of InChIs

In principle, simple InChIs can be hand-produced (e.g. for elements) and the InChI Trust Software API used to generate the InChIKey. However, use of this mechanism to generate InChI(Key)s is unwise.  A good illustration of the problem is the generation of an InChI for the Hydrogen Ion (i.e. the proton):

INCORRECT:

InChI=1S/H/q+1
ASSFXGJQJOXDAB-UHFFFAOYSA-N





CORRECT:

InChI=1S/p+1
GPRLSGONYQIRFK-UHFFFAOYSA-N





InChI uses a defined algorithm (see earlier) to generate IDs for complex structures.  These must not be hand-generated or guessed.




InChI and Average vs Most Abundant Isotope

InChI assumes the average (terrestrial) abundance when the isotope is not specified in the originating format.

This affects the 31 elements in the table below.

Species that contain the most abundant elements should NOT specify the isotope. This ensures compatibility of InChI(Key)s with external databases (e.g. NIST).

If specificity is required in any of the 31 exceptions, the affected element (and only that element) should have its isotope specified when generating the InChI and InChIKey.

Table of InChI Assumed Isotope Masses when isotope not explicitly specified









	Element
	Symbol
	Most Abundant Isotope Mass
	InChI Assumed Mass


	Nickel
	Ni
	58
	59


	Copper
	Cu
	63
	64


	Zinc
	Zn
	64
	65


	Gallium
	Ga
	69
	70


	Germanium
	Ge
	74
	73


	Selenium
	Se
	80
	79


	Bromine
	Br
	79
	80


	Zirconium
	Zr
	90
	91


	Molybdenum
	Mo
	98
	96


	Ruthenium
	Ru
	102
	101


	Silver
	Ag
	107
	108


	Cadmium
	Cd
	114
	112


	Tin
	Sn
	120
	119


	Antimony
	Sb
	121
	122


	Tellurium
	Te
	130
	128


	Xenon
	Xe
	132
	131


	Barium
	Ba
	138
	137


	Neodymium
	Nd
	142
	144


	Samarium
	Sm
	152
	150


	Europium
	Eu
	153
	152


	Gadolinium
	Gd
	158
	157


	Dysprosium
	Dy
	164
	163


	Erbium
	Er
	166
	167


	Ytterbium
	Yb
	174
	173


	Hafnium
	Hf
	180
	178


	Rhenium
	Re
	187
	186


	Osmium
	Os
	192
	190


	Iridium
	Ir
	193
	192


	Mercury
	Hg
	202
	201


	Thallium
	Tl
	205
	204


	Lead
	Pb
	208
	207








Further Information

The release notes, user’s guide, technical manual and API reference can all be found here [http://www.inchi-trust.org/index.php?q=node/14].
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Uniform protocol for a web application processing XSAMS

Applications to process data in XSAMS format may be made available as web sites, which makes them accessible for interactive use, or as web services, making them accessible to scripts and other software. This standard prescribes a form for these web applications that includes both the interactive web-site and scriptable web-service.

Web applications conforming to this standard can be registered in the VAMDC registry. Registration makes the applications available to generic UIs such as the VAMDC portal.

Conforming web applications can read data either from a URL (e.g. the portal passes a
data-extract URL leading to a VAMDC database) or from an uploaded file (e.g. a user loads
data from a file on his computer).


General nature of the web application

The web application consists in a set of web resources (where a “web resource” is anything that has its own URL) arranged in a tree structure. This standard specifies the web resources that must be provided, including their names, semantics and positions in the tree. A web application may also provide other web resources.

All the required web-resources must be available via HTTP v1.1.

None of the required web-resources use the Simple Object Access Protocol (SOAP). All these resources follow the paradigm Representational State Transfer (REST).

The core of the application is a web resource called, in this standard, its primary result. This resource represents the result of the application’s processing of one or more XSAMS input documents. The application must have exactly one primary result, implying that all the inputs are combined.

The primary result may be machine-readable (e.g. a transformation of the XSAMS input into HITRAN’s legacy format) or human readable (i.e. a web page). If human readable, it may well link to further pages showing related results (e.g. the primary result might be a web page showing a table of atomic states, with links to the details of each state). A machine-readable result may also contain links, but this standard does not define how the links are accessed. Hence, a generic client, such as the VAMDC portal, would not know how to follow the links.

An HTTP request to the primary result specifies the input data, either by passing URLs for those or by including them in the request. Therefore, a client application or script can call the primary result directly as a web service.

To make the application accessible from web browsers, the application must also supply a web page that leads the user to the primary result, allowing him to specify the input data. This resource is typically an HTML form and is referred to as “the form” in the rest of this standard.

Applications following this standard are expected to be registered, so they must provide a  “VOSI capabilities” resource to convey registration details to the VAMDC registry.

Some of the registration details are repeated, in human-readable format, on the form.

The application should also provide a “VOSI availability” resource to allow checking of the system.




Details of the web resources


The root resource

The root resource of the application must be available via HTTP GET and must contain a browser-accessible
html form and a short verbose description of the XSAMS processor service.

The form must allow the user to specify the input data either by giving URLs (which the user might copy and paste from some other UI) or by uploading files from the desktop. Both modes must be available.

The appearance and behaviour of the form should be fixed. It should not vary according to parameters in the URL that displays it, or in response to information cached in the user’s browser session. If the form is made adaptable via parameters or responsive to session history, then it must be useable in the absence of this information.

The form must give a general description of the processing that will be applied to incoming XSAMS documents. This description may be given either in form of a link to another page or in form of a paragraph on the root page.

The author of the application may choose freely the content of the form provided that it meets the requirements above.




The primary result

The primary result is at the URL /service relative to the root URL.

In a given application, the primary result may have any MIME-type, but it must always have the same MIME-type in that application.


Submitting XSAMS documents

The primary result must accept all of the following ways to specify the input data.


	In HTTP GET, via the parameter called url, embedded in the URL used to call the application. The value of this parameter is the URL leading to the XSAMS data, and that URL must be in the HTTP scheme. The URL for the input data must be URL encoded before embedding in the URL for the primary result. (This necessary encoding makes it infeasible for a user to simply type the URL in a browser’s address-bar, hence the need for the form to invoke the primary result.) The parameter may be repeated to specify more than one XSAMS document.

	In HTTP POST, via the parameter called url as above, except that the parameter is written in the body of the request instead of embedding in the URL of the primary result.

	In HTTP POST, via the parameter called upload, written in the body of the request. The value of the parameter is the XSAMS document itself, packaged according to internet RFC 1867. This parameter may be repeated to upload multiple XSAMS documents.



The application is only required to process XSAMS inputs and should typically reject other types.

The application may be written to process a single XSAMS document, a fixed number of documents, any number of documents up to a fixed limit, or any number without limit. If the request contains the wrong number of documents, then the application must reject the request.




Service response

To enable successful use of XSAMS Processor web service both as user-accessible and scriptable service,
following response scenario should be taken, independently of the type of incoming request:


	When responding to an HTTP request (GET or POST) for the primary result, the application must immediately respond with a 302 result code, providing  in Location header a temporary resource URL from which the cached processing result must be downloaded later. Cached result provided in the Location header must be a semi-permanent URL to the result of XSAMS inputs processing. Cached document must not depend on browser cookies, session headers and any other parameters that are not embedded within the URL passed to the client in the Location header.

	While result is not ready because XSAMS document either is not fully downloaded or not yet processed,
service must respond with status code 202 “Accepted” to all requests (GET or HEAD) to the temporary result URL. Get requests should receive an HTML document indicating XSAMS document download and processing progress.

	When download and processing of submitted document is done, all requests (GET or HEAD) to the temporary result
URL must be responded with status code 200 “OK”, with appropriate MIME-type header and, in case of a GET request, result of processing as a response body.



Other status codes can be returned both for requests to primary result and cached result URLs:


	Status code 400, “Bad Request”, with a web page explaining the the failure in the body of the response. This code implies that the application operated correctly but the request was inappropriate; e.g. a request containing the wrong number of inputs; or the wrong type of inputs or a URL for an input that cannot be read. Requests receiving this response should not be repeated by the client.

	Status code 500, “Internal Server Error”, 502, “Bad Gateway”, 503 “Unavailable” or 504, “Gateway Timeout”, indicating a problem inside the application. This code indicates that the request was correct but the application failed to process it. Requests receiving this response might be processed correctly at some later date.






Caching policy

XSAMS Processor is naturally obliged to cache either XSAMS documents, intermediate or final transformation result, or both. If caching XSAMS documents, final processing must be re-applied on every request to the result URL. If result is static page, service may cache only the result of the processing itself, immediately destroying incoming XSAMS documents after the completion of processing.

If processing is done in a streaming manner, only the result of processing may be cached.

Cache lifetime is defined by the XSAMS Processor developer/maintainer, it should be reasonably high for users to be able to come from the portal using the link to processing result, but not eternally since the disk capacity of the server running XSAMS Processor service is always limited.






VOSI capabilities

The VOSI capabilities are a single XML-document at the URL /capabilities relative to the root resource. A “capability” is an XML fragment describing a particular aspect of an application.
The general rules for VOSI capabilities are defined by IVOA’s VOSI standard.

For applications conforming to the current standard, there must be a capability following the schema http://www.vamdc.org/xml/XSAMS-consumer/v1.0. Such a capability provides two access URLs, one for the form (of type WebBrowser) and one for the primary result (of type ParamHTTP).

Capabilities must contain at least the following information:


	Interface URL for the form

	Interface URL for the primary result

	Version of this standard supported.

	Number of XSAMS inputs required.



The following code shows a sample capabilities-document, with the namespaces and locations of schema filled in:

<?xml version="1.0" encoding="UTF-8"?>

<cap:capabilities
  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xmlns:cap="http://www.ivoa.net/xml/VOSICapabilities/v1.0"
  xmlns:vs="http://www.ivoa.net/xml/VODataService/v1.0"
  xmlns:vr="http://www.ivoa.net/xml/VOResource/v1.0"
  xmlns:xc="http://www.vamdc.org/xml/XSAMS-consumer/v1.0"
  xsi:schemaLocation="
  http://www.ivoa.net/xml/VOSICapabilities/v1.0 http://www.vamdc.org/downloads/xml/VOSI-capabilities-1.0.xsd
  http://www.ivoa.net/xml/XSAMS-consumer/v1.0 http://www.ivoa.net/xml/XSAMS-consumer/v1.0
  http://www.ivoa.net/xml/VOResource/v1.0 http://www.ivoa.net/xml/VOResource/v1.0
  http://www.ivoa.net/xml/VODataService/v1.0 http://www.ivoa.net/xml/VODataService/v1.0">

  <capability standardID="ivo://vamdc/std/XSAMS-consumer" xsi:type="xc:XsamsConsumer">
    <interface xsi:type="vr:WebBrowser">
       <accessURL>http://some.server/some/app</accessURL>
    </interface>
    <interface xsi:type="vs:ParamHTTP">
      <accessURL>http://some.server/some/app/service</accessURL>
      <resultType>text/html</resultType>
    </interface>
    <versionOfStandards>12.07</versionOfStandards>
    <versionOfSoftware>whatever</versionOfSoftware>
    <numberOfInputs>1-100</numberOfInputs>
  </capability>

</cap:capabilities>








VOSI availability

The VOSI availability is a single XML-document at the URL /availability relative to the root resource.

The general rules for VOSI availability are defined by IVOA’s VOSI standard.






Registration

The application should be registered in the VAMDC registry. This makes it visible to generic UIs such as the VAMDC portal.

If registered, the registration-document type must be {http://www.ivoa.net/xml/VOResource/v1.0}Service as defined in the IVOA standard for registration. The registration must include the capability data taken from the VOSI-capabilities resource of the application, as detailed above.

Generic UIs will typically present users with a list of XSAMS processor web services. The title element of the application’s registration-document should be suitable to distinguish the application in such a list: it should state explicitly but tersely what the application does. More detailed description may be provided within the Description element of Contents block. This description may be presented to the end user before he submits XSAMS documents to the processor service.




Closely-related applications

There may arise sets of applications with closely related functions; e.g., format converters for different output-formats. There is a natural instinct to combine these in one application where the outputs are distinguished by an extra parameter on the primary result that is specific to that combined application. This approach fails because the generic clients do not understand the special parameter.  An application must not rely on custom parameters on the primary result.

Two methods are allowed for combining applications: multiple registrations and onward links from web pages.

Multiple registrations means that the complete set of web resources specified above is replicated for each kind of primary result, but the resources are served by the same web application. Each set of resources is registered separately and appears to clients as a separate application. E.g., for the format-converters, we might provide these resources:

converter/csv/
converter/csv/service
converter/csv/capabilities
converter/lamda/
converter/lamda/service
converter/lamda/capabilities
...





These URLs differ only in one path component that can be treated by underlying web application as a parameter.

Onward links means that the primary result is a web page and contains links to multiple, related results. This approach works only when the application is used interactively.




Example command-line client script

To test the operation of processor service, or to integrate an existing service into some software as a data source,
the following script may be used:

#!/bin/bash
#XSAMS Processor service URL, ending with /service
PROCESSOR=$1
#URL to XSAMS document, either a VAMDC node output or just saved anywhere on internet
XSAMSURL=$2

LOCATION=`curl -v --get --data-urlencode "url=${XSAMSURL}" $PROCESSOR 2>&1 \
| grep Location: \
| sed -e 's/<\ Location:\ //g' \
| sed -e 's/[\n\r]//g'`

while curl --head --silent ${LOCATION} | grep -q 202
do
        echo  "waiting for result from ${LOCATION}" 1>&2
        sleep 1
done

curl --get --silent ${LOCATION}





The script accepts two parameters:


	First is XSAMS Processor URL, ending with /service . May need to be quoted.

	Second is URL to XSAMS document, either a VAMDC node output or just saved anywhere. May need to be quoted.



The downloaded processing result is sent to the standard output.
This script may be integrated as an input to some scientific tool, if there exists an on-line
Processor service that converts XSAMS into the format of this tool.
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Changes between 12.07 and 11.12 versions


	
	Name change from XSAMS Consumers to XSAMS Processors.

	XML schema registration name stays unchanged







	Omit the requirement of /info resource



	Precise request scenario that must be implemented by the service application:



	Service must respond with 302 redirect to processing requests

	Service must cache documents or results

	service must employ 202 result code for the page indicating the progress of download and processing of
incoming documents








	Exclude mention of employing URL parameters to distinguish closely-related applications



	Provide example client shell script
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[image: ElecStateLabel]






		Element:		stcs:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state.






		Restrictions:		
		string.
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		Element:		stcs:vi






		Attributes:		mode: a positive integer, identifying the normal mode that this quantum number is associated with.






		Description:		[image: v_i] is the vibrational quantum number associated with the [image: \nu_i] normal mode.






		Restrictions:		
		non-negative integer.
















[image: l_i]






		Element:		stcs:li






		Attributes:		mode: a positive integer, identifying the degenerate normal mode that this vibrational angular momentum quantum number is associated with.






		Description:		[image: l_i] is the vibrational angular momentum quantum number associated with the degenerate [image: \nu_i] normal mode; positive and negative values distinguish [image: l]-type doubling components.






		Restrictions:		
		non-negative integer.  * [image: \|l_i\| = v_i, v_i-2, \cdots, 1\;\mathrm{or}\;0].
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		Element:		stcs:vibInv






		Attributes:		None.






		Description:		vibInv is the parity of the vibrational wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system. Only really necessary for molecules with a low barrier to such an inversion (for example, [image: \mathrm{NH_3}]).






		Restrictions:		
		‘s’ or ‘a’.
















[image: vibSym]






		Element:		stcs:vibSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		vibSym is the symmetry species of the vibrational wavefunction, in some appropriate symmetry group.






		Restrictions:		
		string.
















[image: J]






		Element:		stcs:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer.
















[image: K]






		Element:		stcs:K






		Attributes:		None.






		Description:		[image: K] is the quantum number associated with the projection of the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}], onto the molecular symmetry axis.






		Restrictions:		
		non-negative integer.  * [image: K \le J].
















[image: rotSym]






		Element:		stcs:rotSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		rotSym is the symmetry species of the rotational wavefunction, in some appropriate symmetry group.






		Restrictions:		
		string.
















[image: I]






		Element:		stcs:I






		Attributes:		nuclearSpinRef: a label identifying the group of nuclear spins coupled to one another to form a total nuclear spin angular momentum.






		Description:		[image: I] is the quantum number associated with the total nuclear spin angular momentum: [image: \boldsymbol{I} = \boldsymbol{I_1} + \boldsymbol{I_2} + \cdots] where nuclei [image: 1, 2, \cdots] have individual nuclear spin angular momenta [image: \boldsymbol{I_1}, \boldsymbol{I_2}, \cdots].






		Restrictions:		
		non-negative integer or half-integer.
















[image: F_j]






		Element:		stcs:Fj






		Attributes:		
		nuclearSpinRef: a label identifying the nuclear spin being coupled to   [image: \boldsymbol{J}] or [image: \boldsymbol{F_{j-1}}] to form an intermediate   angular momentum;  * [image: j]: an integer label identifying the order of the hyperfine coupling  .









		Description:		[image: F_j] is the intermediate angular momentum quantum number associated with the coupling of the nuclear spin angular momentum of nucleus [image: j] to the intermediate angular momentum: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}] or [image: \boldsymbol{F_j} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}]; [image: \boldsymbol{F_j}] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.
















[image: F]






		Element:		stcs:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin being coupled to [image: \boldsymbol{J}] or [image: \boldsymbol{F_j}] to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one such coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}] if two or more such couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.
















[image: r]






		Element:		stcs:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		stcs:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
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Open-shell, non-linear triatomics: nltos



[image: ElecStateLabel]






		Element:		nltos:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state: [image: X], [image: A], [image: a], [image: B], etc..






		Restrictions:		
		string.
















[image: elecSym]






		Element:		nltos:elecSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		elecSym is the symmetry species of the electronic wavefunction described by some symmetry group..






		Restrictions:		
		string.
















[image: elecInv]






		Element:		nltos:elecInv






		Attributes:		None.






		Description:		elecInv is the parity of the electronic wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system..






		Restrictions:		
		‘g’ or ‘u’.













[image: S]
“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“” `






		Element:		nltos:S






		Attributes:		None.






		Description:		[image: S] is the quantum number associated with the total electronic spin angular momentum, [image: \boldsymbol{S}].






		Restrictions:		
		non-negative integer or half-odd integer.
















[image: v_1]






		Element:		nltos:v1






		Attributes:		None.






		Description:		[image: v_1] is the vibrational quantum number associated with the [image: \nu_1] normal mode.






		Restrictions:		
		non-negative integer.
















[image: v_2]






		Element:		nltos:v2






		Attributes:		None.






		Description:		[image: v_2] is the vibrational quantum number associated with the [image: \nu_2] normal mode.






		Restrictions:		
		non-negative integer.
















[image: v_3]






		Element:		nltos:v3






		Attributes:		None.






		Description:		[image: v_3] is the vibrational quantum number associated with the [image: \nu_3] normal mode.






		Restrictions:		
		non-negative integer.
















[image: J]






		Element:		nltos:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer or half-odd integer.
















[image: N]






		Element:		nltos:N






		Attributes:		None.






		Description:		[image: N] is the quantum number associated with the total angular momentum excluding electronic and nuclear spin, N: [image: \boldsymbol{J} = \boldsymbol{N} + \boldsymbol{S}].






		Restrictions:		
		non-negative integer.
















[image: K_a]






		Element:		nltos:Ka






		Attributes:		None.






		Description:		[image: K_a] is the rotational quantum label of an asymmetric top molecule, correlating to [image: K] in the prolate symmetric top limit.






		Restrictions:		
		non-negative integer.  * [image: K_a \le J].  * [image: K_a + K_c = J \;\mathrm{or}\;J + 1].
















[image: K_c]






		Element:		nltos:Kc






		Attributes:		None.






		Description:		[image: K_c] is the rotational quantum label of an asymmetric top molecule, correlating to [image: K] in the oblate symmetric top limit.






		Restrictions:		
		non-negative integer.  * [image: K_c \le J].  * [image: K_a + K_c = J \;\mathrm{or}\;J + 1].
















[image: F_1]






		Element:		nltos:F1






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}] to form the intermediate angular momentum.






		Description:		[image: F_1] is the intermediate angular momentum quantum number associated with the coupling of the rotational angular momentum and nuclear spin of nucleus 1 where two or more such couplings are resolved: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}]; [image: F_1] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|J - I_1\| \le F_1 \le J + I_1].
















[image: F_2]






		Element:		nltos:F2






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{F_1}] to form an intermediate angular momentum.






		Description:		[image: F_2] is the intermediate angular momentum quantum number associated with the coupling of the rotational angular momentum and nuclear spin of nucleus 2 where three such couplings are resolved: [image: \boldsymbol{F_2} = \boldsymbol{F_1} + \boldsymbol{I_2}]; [image: F_2] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|F_1 - I_2\| \le F_2 \le F_1 + I_2].
















[image: F]






		Element:		nltos:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}], [image: \boldsymbol{F_1}], or [image: \boldsymbol{F}] to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one hyperfine coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_1} + \boldsymbol{I_2}] if two couplings are resolved, or [image: \boldsymbol{F} = \boldsymbol{F_2} + \boldsymbol{I_3}] if all three couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|F_2 - I_3\| \le F \le F_2 + I_3].
















[image: r]






		Element:		nltos:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		nltos:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: asSym]






		Element:		nltos:asSym






		Attributes:		None.






		Description:		asSym is the symmetry of the rovibronic wavefunction: ‘a’ or ‘s’ such that the total wavefunction including nuclear spin is symmetric or antisymmetric with respect to permutation of the identical nuclei ([image: \hat{P}_{12}]), according to whether they are bosons or fermions respectively.






		Restrictions:		
		‘s’ or ‘a’.  0.5cm
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The Cases


The identified cases are described in the following section; some examples are given below. It should
be noted that the rovibronic states of different electronic states of a molecule
may be described using different cases. For example, the ground, [image: X^2\Pi]
electronic state of NO may be described within the hunda
case whereas the excited, [image: A^2\Sigma^+] electronic state would be better
described using the hundb case. The electronic state is identified by its
single-letter spectroscopic symbol ([image: X], [image: A], [image: a], [image: B],
etc.)    There follows a list of the cases identified in version 0.3 of XSAMS
with some examples:



		General case for arbitrary quantum numbers and symmetry (gen)


		Diatomic closed shell (dcs): [image: CO], [image: N_2], [image: NO^+]


		Hund’s case (a) diatomics (hunda): [image: NO], [image: OH] [for low [image: J]]


		Hund’s case (b) diatomics (hundb): [image: O_2], [image: OH] [for high [image: J]]


		Closed-shell, linear triatomic molecules (ltcs): [image: CO_2], [image: HCN]


		Closed-shell, non-linear triatomic molecules (nltcs): [image: H_2O]


		Closed-shell, symmetric top molecules (stcs): [image: NH_3], [image: CH_3Cl]


		Closed-shell, linear, polyatomic molecules (lpcs): [image: C_2H_2]


		Closed-shell, asymmetric top molecules (asymcs): [image: C_2H_4]


		Open-shell, asymmetric top molecules (asymos): [image: CH_3O]


		Closed-shell, spherical top molecules (sphcs): [image: CH_4], [image: SF_6]


		Open-shell, spherical top molecules (sphos)


		Open-shell, linear triatomic molecules (ltos): [image: CCH]


		Open-shell, linear, polyatomic molecules (lpos): [image: C_3H], [image: C_{10}H]


		Open-shell, non-linear triatomic molecules (nltos): [image: HO_2], [image: CH_2]
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Open-shell,linear triatomic molecules: ltos



[image: ElecStateLabel]






		Element:		ltos:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state: [image: X], [image: A], [image: a], [image: B], etc..






		Restrictions:		
		string.
















[image: elecInv]






		Element:		ltos:elecInv






		Attributes:		None.






		Description:		elecInv is the parity of the electronic wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system.






		Restrictions:		
		‘g’ or ‘u’.













:math:`elecRefl
“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“” `






		Element:		ltos:elecRefl






		Attributes:		None.






		Description:		elecRefl is the parity of the electronic wavefunction with respect to reflection in a plane containing the molecular symmetry axis in the molecular coordinate system (equivalent to inversion through the molecular centre of mass in the laboratory coordinate system).






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: S]






		Element:		ltos:S






		Attributes:		None.






		Description:		[image: S] is the quantum number associated with the total electronic spin angular momentum, [image: \boldsymbol{S}].






		Restrictions:		
		non-negative integer or half-odd integer.
















[image: N]






		Element:		ltos:N






		Attributes:		None.






		Description:		[image: N] is the quantum number associated with the total angular momentum excluding electronic and nuclear spin, N: [image: \boldsymbol{J} = \boldsymbol{N} + \boldsymbol{S}].






		Restrictions:		
		non-negative integer.
















[image: v_1]






		Element:		ltos:v1






		Attributes:		None.






		Description:		[image: v_1] is the vibrational quantum number associated with the [image: \nu_1] normal mode.






		Restrictions:		
		non-negative integer.
















[image: v_2]






		Element:		ltos:v2






		Attributes:		None.






		Description:		[image: v_2] is the vibrational quantum number associated with the doubly-degenerate [image: \nu_2] normal mode.






		Restrictions:		
		non-negative integer.
















[image: l_2]






		Element:		ltos:l2






		Attributes:		None.






		Description:		[image: l_2] is the vibrational angular momentum quantum number associated with the degenerate bending vibration, [image: \nu_2]; positive and negative values distinguish [image: l]-type doubling components.






		Restrictions:		
		integer.  * [image: \|l_2\| = v_2, v_2 - 2, \cdots, 1 \;\mathrm{or}\;0].
















[image: v_3]






		Element:		ltos:v3






		Attributes:		None.






		Description:		[image: v_3] is the vibrational quantum number associated with the [image: \nu_3] normal mode.






		Restrictions:		
		non-negative integer.
















[image: J]






		Element:		ltos:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer.
















[image: F_1]






		Element:		ltos:F1






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}] to form the intermediate angular momentum.






		Description:		[image: F_1] is the intermediate angular momentum quantum number associated with the coupling of the rotational angular momentum and nuclear spin of nucleus 1 where two or more such couplings are resolved: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}]; [image: F_1] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|J - I_1\| \le F_1 \le J + I_1].
















[image: F_2]






		Element:		ltos:F2






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{F_1}] to form an intermediate angular momentum.






		Description:		[image: F_2] is the intermediate angular momentum quantum number associated with the coupling of the rotational angular momentum and nuclear spin of nucleus 2 where three such couplings are resolved: [image: \boldsymbol{F_2} = \boldsymbol{F_1} + \boldsymbol{I_2}]; [image: F_2] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|F_1 - I_2\| \le F_2 \le F_1 + I_2].
















[image: F]






		Element:		ltos:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}], [image: \boldsymbol{F_1}], or [image: \boldsymbol{F}] to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one hyperfine coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_1} + \boldsymbol{I_2}] if two couplings are resolved, or [image: \boldsymbol{F} = \boldsymbol{F_2} + \boldsymbol{I_3}] if all three couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|F_2 - I_3\| \le F \le F_2 + I_3].
















[image: r]






		Element:		ltos:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		ltos:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: kronigParity]






		Element:		ltos:kronigParity






		Attributes:		None.






		Restrictions:		
		‘e’ or ‘f’.
















[image: asSym]






		Element:		ltos:asSym






		Attributes:		None.






		Description:		asSym is (for linear molecules with a centre of inversion) the symmetry of the rovibronic wavefunction: ‘a’ or ‘s’ such that the total wavefunction including nuclear spin is symmetric or antisymmetric with respect to permutation of the identical nuclei ([image: \hat{P}_{12}]), according to whether they are bosons or fermions respectively.






		Restrictions:		
		‘s’ or ‘a’.
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Open-shell, spherical-top molecules: sphos



[image: ElecStateLabel]






		Element:		sphos:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state.






		Restrictions:		
		string.
















[image: elecSym]






		Element:		sphos:elecSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		elecSym is the symmetry species of the electronic wavefunction described by some symmetry group..






		Restrictions:		
		string.
















[image: elecInv]






		Element:		sphos:elecInv






		Attributes:		None.






		Description:		elecInv is the parity of the electronic wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system..






		Restrictions:		
		‘g’ or ‘u’.
















[image: S]






		Element:		sphos:S






		Attributes:		None.






		Description:		[image: S] is the quantum number associated with the total electronic spin angular momentum, [image: \boldsymbol{S}].






		Restrictions:		
		non-negative integer or half-odd integer.
















[image: v_i]






		Element:		sphos:vi






		Attributes:		mode: a positive integer, identifying the normal mode that this quantum number is associated with.






		Description:		[image: v_i] is the vibrational quantum number associated with the [image: \nu_i] normal mode.






		Restrictions:		
		non-negative integer.
















[image: l_i]






		Element:		sphos:li






		Attributes:		mode: a positive integer, identifying the degenerate normal mode that this vibrational angular momentum quantum number is associated with.






		Description:		[image: l_i] is the vibrational angular momentum quantum number associated with the degenerate [image: \nu_i] normal mode; positive and negative values distinguish [image: l]-type doubling components.






		Restrictions:		
		non-negative integer.  * [image: \|l_i\| = v_i, v_i-2, \cdots, 1 \;\mathrm{or}\;0].
















[image: vibSym]






		Element:		sphos:vibSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		vibSym is the symmetry species of the vibrational wavefunction, in some appropriate symmetry group.






		Restrictions:		
		string.
















[image: J]






		Element:		sphos:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer or half-odd integer.
















[image: N]






		Element:		sphos:N






		Attributes:		None.






		Description:		[image: N] is the quantum number associated with the total angular momentum excluding electronic and nuclear spin, N: [image: \boldsymbol{J} = \boldsymbol{N} + \boldsymbol{S}].






		Restrictions:		
		non-negative integer.
















[image: rotSym]






		Element:		sphos:rotSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		rotSym is the symmetry species of the rotational wavefunction, in some appropriate symmetry group.






		Restrictions:		
		string.
















[image: I]






		Element:		sphos:I






		Attributes:		nuclearSpinRef: a label identifying the group of nuclear spins coupled to one another to form a total nuclear spin angular momentum.






		Description:		[image: I] is the quantum number associated with the total nuclear spin angular momentum: [image: \boldsymbol{I} = \boldsymbol{I_1} + \boldsymbol{I_2} + \cdots] where nuclei [image: 1, 2, \cdots] have individual nuclear spin angular momenta [image: \boldsymbol{I_1}, \boldsymbol{I_2}, \cdots].






		Restrictions:		
		non-negative integer or half-integer.
















[image: F_j]






		Element:		sphos:Fj






		Attributes:		
		nuclearSpinRef: a label identifying the nuclear spin being coupled to   [image: \boldsymbol{J}] or [image: \boldsymbol{F_{j-1}}] to form an intermediate   angular momentum;  * [image: j]: an integer label identifying the order of the hyperfine coupling  .









		Description:		[image: F_j] is the intermediate angular momentum quantum number associated with the coupling of the nuclear spin angular momentum of nucleus [image: j] to the intermediate angular momentum: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}] or [image: \boldsymbol{F_j} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}]; [image: \boldsymbol{F_j}] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.
















[image: F]






		Element:		sphos:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin being coupled to [image: \boldsymbol{J}] or [image: \boldsymbol{F_j}] to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one such coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}] if two or more such couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.
















[image: r]






		Element:		sphos:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		sphos:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
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Closed-shell, linear triatomic molecules: ltcs



[image: ElecStateLabel]






		Element:		ltcs:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state: [image: X], [image: A], [image: a], [image: B], etc..






		Restrictions:		
		string.
















[image: v_1]






		Element:		ltcs:v1






		Attributes:		None.






		Description:		[image: v_1] is the vibrational quantum number associated with the [image: \nu_1] normal mode.






		Restrictions:		
		non-negative integer.
















[image: v_2]






		Element:		ltcs:v2






		Attributes:		None.






		Description:		[image: v_2] is the vibrational quantum number associated with the doubly-degenerate [image: \nu_2] normal mode.






		Restrictions:		
		non-negative integer.
















[image: l_2]






		Element:		ltcs:l2






		Attributes:		None.






		Description:		[image: l_2] is the vibrational angular momentum quantum number associated with the degenerate bending vibration, [image: \nu_2]; positive and negative values distinguish [image: l]-type doubling components.






		Restrictions:		
		integer.  * [image: \|l_2\| = v_2, v_2 - 2, \cdots, 1 \;\mathrm{or}\;0].
















[image: v_3]






		Element:		ltcs:v3






		Attributes:		None.






		Description:		[image: v_3] is the vibrational quantum number associated with the [image: \nu_3] normal mode.






		Restrictions:		
		non-negative integer.
















[image: J]






		Element:		ltcs:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer.













[image: F_1]








		Element:		ltcs:F1






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}] to form the intermediate angular momentum.






		Description:		[image: F_1] is the intermediate angular momentum quantum number associated with the coupling of the rotational angular momentum and nuclear spin of nucleus 1 where two or more such couplings are resolved: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}]; [image: F_1] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|J - I_1\| \le F_1 \le J + I_1].













[image: F_2]








		Element:		ltcs:F2






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{F_1}] to form an intermediate angular momentum.






		Description:		[image: F_2] is the intermediate angular momentum quantum number associated with the coupling of the rotational angular momentum and nuclear spin of nucleus 2 where three such couplings are resolved: [image: \boldsymbol{F_2} = \boldsymbol{F_1} + \boldsymbol{I_2}]; [image: F_2] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|F_1 - I_2\| \le F_2 \le F_1 + I_2].
















[image: F]






		Element:		ltcs:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}], [image: \boldsymbol{F_1}], or [image: \boldsymbol{F}] to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one hyperfine coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_1} + \boldsymbol{I_2}] if two couplings are resolved, or [image: \boldsymbol{F} = \boldsymbol{F_2} + \boldsymbol{I_3}] if all three couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|F_2 - I_3\| \le F \le F_2 + I_3].
















[image: r]






		Element:		ltcs:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		ltcs:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: kronigParity]






		Element:		ltcs:kronigParity






		Attributes:		None.






		Restrictions:		
		‘e’ or ‘f’.
















[image: asSym]






		Element:		ltcs:asSym






		Attributes:		None.






		Description:		asSym is (for linear molecules with a centre of inversion) the symmetry of the rovibronic wavefunction: ‘a’ or ‘s’ such that the total wavefunction including nuclear spin is symmetric or antisymmetric with respect to permutation of the identical nuclei ([image: \hat{P}_{12}]), according to whether they are bosons or fermions respectively.






		Restrictions:		
		‘s’ or ‘a’.
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Introduction


The ‘case-by-case’ XML description of molecular states within XSAMS is designed to provide a straightforward and
‘flat’ data structure for representing the quantum numbers and symmetries that
define a molecular state. As of version 0.3, 15 cases have been implemented,
covering the needs of various VAMDC member databases. Each case is
identified by a prefix and a version, and belongs to the namespace given
(currently) by the URI `<http://www.ucl.ac.uk/~ucapch0/XSAMS/cases/<prefix>/<version>>`_.
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Closed-shell, asymmetric top molecules: asymcs



[image: ElecStateLabel]






		Element:		asymcs:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state.






		Restrictions:		
		string.
















[image: v_i]






		Element:		asymcs:vi






		Attributes:		mode: a positive integer, identifying the normal mode that this quantum number is associated with.






		Description:		[image: v_i] is the vibrational quantum number associated with the [image: \nu_i] normal mode.






		Restrictions:		
		non-negative integer.
















[image: vibInv]






		Element:		asymcs:vibInv






		Attributes:		None.






		Description:		vibInv is the parity of the vibrational wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system..






		Restrictions:		
		‘s’ or ‘a’.
















[image: vibSym]






		Element:		asymcs:vibSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		vibSym is the symmetry species of the vibrational wavefunction, in some appropriate symmetry group.






		Restrictions:		
		string.
















[image: J]






		Element:		asymcs:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer.
















[image: K_a]






		Element:		asymcs:Ka






		Attributes:		None.






		Description:		[image: K_a] is the rotational quantum label of an asymmetric top molecule, correlating to [image: K] in the prolate symmetric top limit.






		Restrictions:		
		non-negative integer.  * [image: K_a \le J].  * [image: K_a + K_c = J \;\mathrm{or}\;J + 1].
















[image: K_c]






		Element:		asymcs:Kc






		Attributes:		None.






		Description:		[image: K_c] is the rotational quantum label of an asymmetric top molecule, correlating to [image: K] in the oblate symmetric top limit.






		Restrictions:		
		non-negative integer.  * [image: K_c \le J].  * [image: K_a + K_c = J \;\mathrm{or}\;J + 1].
















[image: rotSym]






		Element:		asymcs:rotSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		rotSym is the symmetry species of the rotational wavefunction, in some appropriate symmetry group.






		Restrictions:		
		string.
















[image: I]






		Element:		asymcs:I






		Attributes:		nuclearSpinRef: a label identifying the group of nuclear spins coupled to one another to form a total nuclear spin angular momentum.






		Description:		[image: I] is the quantum number associated with the total nuclear spin angular momentum: [image: \boldsymbol{I} = \boldsymbol{I_1} + \boldsymbol{I_2} + \cdots] where nuclei [image: 1, 2, \cdots] have individual nuclear spin angular momenta [image: \boldsymbol{I_1}, \boldsymbol{I_2}, \cdots].






		Restrictions:		
		non-negative integer or half-integer.
















[image: F_j]






		Element:		asymcs:Fj






		Attributes:		
		nuclearSpinRef: a label identifying the nuclear spin being coupled to   [image: \boldsymbol{J}] or [image: \boldsymbol{F_{j-1}}] to form an intermediate   angular momentum;  * [image: j]: an integer label identifying the order of the hyperfine coupling  .









		Description:		[image: F_j] is the intermediate angular momentum quantum number associated with the coupling of the nuclear spin angular momentum of nucleus [image: j] to the intermediate angular momentum: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}] or [image: \boldsymbol{F_j} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}]; [image: \boldsymbol{F_j}] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.
















[image: F]






		Element:		asymcs:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin being coupled to [image: \boldsymbol{J}] or [image: \boldsymbol{F_j}] to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one such coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}] if two or more such couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.
















[image: r]






		Element:		asymcs:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		asymcs:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
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Examples


The element <case:QNs> should be placed
within the XSAMS element MolecularState (although this cannot be enforced
using NVDL). Some examples follow.



Example 1: a rovibrational state of [image: CO]


The [image: v=0, J=1] state of the ground electronic state of CO has the
following representation in the ‘case-by-case’ formulism:


<dcs:QNs>
   <dcs:ElecStateLabel>X</dcs:ElecStateLabel>
   <dcs:v>1</dcs:v>
   <dcs:J>0</dcs:J>
</dcs:QNs>









Example 2: a rovibrational state of [image: \mathrm{NH_3}]


The [image: J=22, K=10] rotational state of the [image: (1,0^+,0^0,2^2)] vibrational level of
[image: \mathrm{NH_3}] could be represented by the following XML:


<stcs:QNs>
   <stcs:ElecStateLabel>X</stcs:ElecStateLabel>
   <stcs:vi mode="1">1</stcs:vi>
   <stcs:vi mode="2">0</stcs:vi>
   <stcs:vi mode="3">0</stcs:vi>
   <stcs:vi mode="4">2</stcs:vi>
   <stcs:li mode="3">0</stcs:li>
   <stcs:li mode="4">2</stcs:li>
   <stcs:vibInv>s</stcs:vibInv>
   <stcs:vibSym>E</stcs:vibSym>
   <stcs:J>20</stcs:J>
   <stcs:K>10</stcs:K>
</stcs:QNs>









Example 3: two states of different electronic states of [image: MgH]


This example shows two states of the MgH radical, using different cases for the
[image: X^2\Sigma^+] and [image: A^2\Pi] electronic states:


<MolecularState stateID="S1-MgH-1">
  <Description>
    A state in the ground electronic state, X(2Sigma+), of MgH
  </Description>
  <MolecularStateCharacterisation>
    <StateEnergy energyOrigin="Zero-point from calculation based on N^2 Hamiltonian">
      <Value units="1/cm">0.</Value>
    </StateEnergy>
    <TotalStatisticalWeight>4</TotalStatisticalWeight>
  </MolecularStateCharacterisation>
  <hundb:QNs>
    <hundb:ElecStateLabel>X</hundb:ElecStateLabel>
    <hundb:Lambda>0</hundb:Lambda>
    <hundb:S>0.5</hundb:S>
    <hundb:v>0</hundb:v>
    <hundb:J>0.5</hundb:J>
    <hundb:N>0</hundb:N>
    <hundb:SpinComponentLabel>1</hundb:SpinComponentLabel>
    <hundb:parity>+</hundb:parity>
    <hundb:kronigParity>e</hundb:kronigParity>
  </hundb:QNs>
</MolecularState>
  ...
<MolecularState stateID="S1001-MgH-1">
  <Description>
    A state in the first excited electronic state, A(2Pi) of MgH
  </Description>
  <MolecularStateCharacterisation>
    <StateEnergy energyOrigin="Zero-point of electronic ground state">
      <Value units="1/cm">19273.2694</Value>
    </StateEnergy>
    <TotalStatisticalWeight>4</TotalStatisticalWeight>
  </MolecularStateCharacterisation>
  <hunda:QNs>
    <hunda:ElecStateLabel>A</hunda:ElecStateLabel>
    <hunda:Lambda>1</hunda:Lambda>
    <hunda:Omega>0.5</hunda:Omega>
    <hunda:S>0.5</hunda:S>
    <hunda:v>0</hunda:v>
    <hunda:J>0.5</hunda:J>
    <hunda:parity>-</hunda:parity>
    <hunda:kronigParity>f</hunda:kronigParity>
  </hunda:QNs>
</MolecularState>
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Closed-shell, spherical-top molecules: sphcs



[image: ElecStateLabel]






		Element:		sphcs:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state.






		Restrictions:		
		string.
















[image: v_i]






		Element:		sphcs:vi






		Attributes:		mode: a positive integer, identifying the normal mode that this quantum number is associated with.






		Description:		[image: v_i] is the vibrational quantum number associated with the [image: \nu_i] normal mode.






		Restrictions:		
		non-negative integer.
















[image: l_i]






		Element:		sphcs:li






		Attributes:		mode: a positive integer, identifying the degenerate normal mode that this vibrational angular momentum quantum number is associated with.






		Description:		[image: l_i] is the vibrational angular momentum quantum number associated with the degenerate [image: \nu_i] normal mode; positive and negative values distinguish [image: l]-type doubling components.






		Restrictions:		
		non-negative integer.  * [image: \|l_i\| = v_i, v_i-2, \cdots, 1 \;\mathrm{or}\;0].
















[image: vibSym]






		Element:		sphcs:vibSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		vibSym is the symmetry species of the vibrational wavefunction, in some appropriate symmetry group.






		Restrictions:		
		string.
















[image: J]






		Element:		sphcs:J






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer.
















[image: rotSym]






		Element:		sphcs:rotSym






		Attributes:		None.






		Description:		rotSym is the symmetry species of the rotational wavefunction, in some appropriate symmetry group.






		Restrictions:		
		string.
















[image: I]






		Element:		sphcs:I






		Attributes:		nuclearSpinRef: a label identifying the group of nuclear spins coupled to one another to form a total nuclear spin angular momentum.






		Description:		[image: I] is the quantum number associated with the total nuclear spin angular momentum: [image: \boldsymbol{I} = \boldsymbol{I_1} + \boldsymbol{I_2} + \cdots] where nuclei [image: 1, 2, \cdots] have individual nuclear spin angular momenta [image: \boldsymbol{I_1}, \boldsymbol{I_2}, \cdots].






		Restrictions:		
		non-negative integer or half-integer.
















[image: F_j]






		Element:		sphcs:Fj






		Attributes:		
		nuclearSpinRef: a label identifying the nuclear spin being coupled to   [image: \boldsymbol{J}] or [image: \boldsymbol{F_{j-1}}] to form an intermediate   angular momentum;  * [image: j]: an integer label identifying the order of the hyperfine coupling  .









		Description:		[image: F_j] is the intermediate angular momentum quantum number associated with the coupling of the nuclear spin angular momentum of nucleus [image: j] to the intermediate angular momentum: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}] or [image: \boldsymbol{F_j} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}]; [image: \boldsymbol{F_j}] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.
















[image: F]






		Element:		sphcs:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin being coupled to [image: \boldsymbol{J}] or [image: \boldsymbol{F_j}] to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one such coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}] if two or more such couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.
















[image: r]






		Element:		sphcs:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		sphcs:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
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Accuracy of numerical data


For the sake of properly defining numerical data accuracy, new AccuracyType was been introduced,
that is used now in the Accuracy element of DataType and DataFuncType.


Accuracy description was been inspired by the one in IVOA Spectral Data Model v. 1.03



AccuracyType



[image: ../../_images/AccuracyType.png]
AccuracyType, extending PrimaryType allows to describe quality of data and has the following attributes and elements:



		Optional calibration attribute that describes the kind of reference frame for data. Possible values are:




		absolute    indicates that the values in the data are expected to be correct within the given uncertainty


		relative    indicates that although an unknown systematic error is present,
the ratio and difference of any two values originating from the same source will be correct.


		normalized  indicates that the values, originating from this source,
have been divided by a certain reference quantity.
In this case units field of ValueType should be ‘unitless’


		uncalibrated indicates that not only an unknown systematic error is present in data,
originating from that source, but also some unspecified value-dependant error.
Thus, for example, for transitions frequencies only the order of transitions is guaranteed,
neither frequencies, nor their difference/ratio are accurate.












		Optional quality attribute of integer type that may be used for distinguishing quality-assessed data.
Zero value means data, accurate within their errors, other values means that there were some problems with data.





		Optional Systematic element of type AccuracyErrorType for systematic errors





		Optional Statistical element of type AccuracyErrorType for total statistical error, i.e.
upper/lower range are equal.





		Optional StatHigh and StatLow elements group may be specified instead of single Statistical element
to indicate statistical errors in case when upper and lower error ranges are not equal.















AccuracyErrorType



[image: ../../_images/AccuracyErrorType.png]
AccuracyErrorType is an extension of xs:double type, adding two attributes:



		confidence of type xs:double, with valid ranges from 0 to 1,
indicating confidence level for which this accuracy is calculated.
Ususal values would be like 0.95 or 0.99.


		relative of type xs:boolean, indicating whether this accuracy value
is absolute(false) or relative(true).
By default, accuracy should be treated as absolute.
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Radiative lineshapes, broadening and shifting



Radiative element now has, among all other, two new elements, called Broadening and Shifting
Those elements may be specified more than once to represent different broadening/shifting processes.


[image: RadiativeTransition child elements]





Broadening



[image: Broadening element]
Each broadening element has



		name attribute, that must contain one of the names from Lineshapes dictionary


		envRef attribute, referencing the specific environment conditions,
for example, for collisional broadening.


		one or more Lineshape elements, with their respective parameters.





Normally, one broadening record should be created for each broadening mechanism
and for each source (data origin).
Many Lineshape elements allow to represent, for example,
processing of the same experimental data with different lineshapes.
Usually, there will be only one Lineshape element.







Lineshape



[image: Lineshape element exploded]
Lineshape in turn also has



		optional name attribute from Lineshapes dictionary, like Lorentz, Voigt, Doppler, etc.


		optional functionRef attribute of type FunctionRefType, with a reference to a function
describing the lineshape. This attribute should be used only in case when the lineshape
used in data fitting is absent in the Lineshapes dictionary


		one or more LineshapeParameter, each representing specific lineshape parameter
as either a constant value or a function of environment parameters












LineshapeParameter



[image: LineshapeParameter element exploded]

		LineshapeParameter


		either FitParameters or Value/Accuracy pair must be specified






		name attribute corresponds to one defined in Lineshapes dictionary for specific lineshape





		Value





		FitParameters allows representation of this parameter as a function of environment parameters, for example:


<Broadening envRef="Eair-broadening-ref-env" name="pressure">
        <Lineshape name="Lorentzian">
                <Comments>The temperature-dependent pressure broadening
                Lorentzian lineshape</Comments>
                <LineshapeParameter name="gammaL">
                        <FitParameters functionRef="FgammaL">
                                <FitArgument units="K" name="T">
                                        <LowerLimit>240</LowerLimit>
                                        <UpperLimit>350</UpperLimit>
                                </FitArgument>
                                <FitArgument units="atm" name="p">
                                        <LowerLimit>0.</LowerLimit>
                                        <UpperLimit>1.2</UpperLimit>
                                </FitArgument>
                                <FitParameter name="gammaL_ref">
                                        <SourceRef>BHIT-B_HITRAN2008</SourceRef>
                                        <Value units="1/cm">0.0635</Value>
                                        <Accuracy>0.003175</Accuracy>
                                </FitParameter>
                                <FitParameter name="n">
                                        <SourceRef>BHIT-B_HITRAN2008</SourceRef>
                                        <Value units="unitless">0.75</Value>
                                        <Accuracy>0.15</Accuracy>
                                </FitParameter>
                        </FitParameters>
                </LineshapeParameter>
        </Lineshape>
</Broadening>












Where function FgammaL is defined as follows:


<Function functionID="FgammaL">
        <Comments>This function gives the pressure- and
        temperature-dependence of the Lorentzian component of the
        pressure-broadened line width (HWHM)</Comments>
        <Expression computerLanguage="Fortran">
                gammaL_ref * p * (296./T)**n
        </Expression>
        <Y name="gammaL" units="1/cm"/>
        <Arguments>
                <Argument name="T" units="K">
                        <Description>The absolute temperature, in K</Description>
                </Argument>
                <Argument name="p" units="atm">
                        <Description>The partial pressure of the broadening species,
                                                        in atm</Description>
                </Argument>
        </Arguments>
        <Parameters>
                <Parameter name="gammaL_ref" units="1/cm">
                        <Description>The Lorentzian HWHM of the line, broadened at
                                Tref = 296 K and broadening species partial pressure
                                pref = 1atm</Description>
                </Parameter>
                <Parameter name="n" units="unitless">
                        <Description>
                                The temperature exponent of the gammaL function
                        </Description>
                </Parameter>
        </Parameters>
</Function>















Shifting



[image: Shifting element exploded]
Line shifting is defined by name and/or envRef attributes.
In case of linear collisional shifting, only environment is sufficient.


ShiftingParameter element is defined the same way as broadening LineshapeParameter,
it is either value or function of environment parameters.


Example of a Shifting definition:


<Shifting envRef="Eair-broadening-ref-env">
        <ShiftingParameter name="delta">
                <FitParameters functionRef="Fdelta">
                        <FitArgument name="p" units="atm">
                                <LowerLimit>0.</LowerLimit>
                                <UpperLimit>1.2</UpperLimit>
                        </FitArgument>
                        <FitParameter name="delta_ref">
                                <SourceRef>BHIT-B_HITRAN2008</SourceRef>
                                <Value units="unitless">-0.001</Value>
                                <Accuracy>0.1</Accuracy>
                        </FitParameter>
                </FitParameters>
        </ShiftingParameter>
</Shifting>
















          

      

      

    


    
        © Copyright 2010-2012, VAMDC.
      Created using Sphinx 1.2.2.
    

  

_images/AtomicShells.png
© [ shellsType

@e

Atomic shell

© [ shellPairType

sneis
—) © auibures
Type ShelisType > g °

List of electron shells = shellPairD

Type xsiD

dentifer o the shell pai

1.0 [(SheilPair
©
Type_shellPairType

Shelll
Type

ShellType

Shellz

Type_ShellType

ShellPairTerm

Type TermType





_images/math/1a9b5d3a581f9c192b46e7e5576b6b15efdec26e.png





dataModel/changelog/lineshapes.html


    
      Navigation


      
        		
          index


        		standards documentation »

 
      


    


    
      
          
            
  
Lineshapes dictionary



Possible broadening and shifting names, lineshapes, parameters are listed below.
The list is incomplete, it will be expanded before the release and extended later based on user requests and feedback.




Broadening names




		pressure for collisional broadening processes


		doppler for Doppler broadening


		instrument for instrument-specific broadening


		natural for line broadening caused by finite lifetime of initial and final states.
Usually, Lorentzian line profile should be used.












Shifting names




		pressure for linear pressure shifting in hi-res spectroscopy












Lineshape names and parameters




		Lorentzian
		gammaL








		Voigt
		gamma


		sigma











to be continued...
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Environments


XSAMS environments section was first introduced to VAMDC-XSAMS,
along with radiative transition line shiftings and broadenings.
Currently environments are only used to describe broadening and shifting environment conditions.



[image: ../../_images/XSAMSData.png]





Environment


Each environment is fully described by a single Environment element of type EnvironmentType



[image: environmentType elements and attributes]
Environment element extends primary type, so reference and method data may be specified.


Environment branch has the following elements and attributes:



		mandatory envID attribute.
The string identifier starting from letter E, to be referenced from radiative transitions.


		optional Comments element, derived from PrimaryType.
It is useful to put verbose environment description there.


		optional Temperature element of type DataType.


		optional TotalPressure element of type DataType.


		optional TotalNumberDensity element of type DataType.


		optional Composition element.
This element allows to description of environment components, e.g. perturber gases.












Composition


Composition element may describe various kinds of compositions: gas mixture, liquid solution, solid composition, etc.



[image: compositionType and ReferencedSpecieType elements and attributes]
Composition has one or more Species elements, each of them of ReferencedSpecieType type.


ReferencedSpecieType allows to define either species name, or speciesRef reference in corresponding optional attributes.
SpeciesRef may point through speciesID attribute either to atomic ion record or to molecule record in Species branch of XSAMS.
Both attributes may be defined, in this case name should correspond to atom or molecule pointed by reference.


Component presence measure can be defined by one of the optional elements:



		PartialPressure


		MoleFraction


		Concentration





each of type DataType.
Only one of them may be present in a component record.
To avoid confusion, all components of composition should define the abundance in the same type of elements.









Examples


Example XML instances of Environment:


<Environment envID="EHITRAN_refT">
        <Comments>the HITRAN reference temperature, 296 K</Comments>
        <Temperature>
                <Value units="K">296.</Value>
        </Temperature>
</Environment>






<Environment envID="EHITRAN_refpT">
        <Comments>the HITRAN reference pressure and temperature, 1 atm and 296 K</Comments>
        <Temperature>
                <Value units="K">296.</Value>
        </Temperature>
        <TotalPressure>
                <Value units="atm">1.</Value>
        </TotalPressure>
</Environment>






<Environment envID="Eair-broadening-ref-env">
        <Comments>the HITRAN air-broadening reference conditions</Comments>
        <Temperature>
                <Value units="K">296.</Value>
        </Temperature>
        <TotalPressure>
                <Value units="atm">1.</Value>
        </TotalPressure>
        <Composition>
                <Species name="N2">
                        <MoleFraction>
                                <Value units="unitless">0.79</Value>
                        </MoleFraction>
                </Species>
                <Species name="O2">
                        <MoleFraction>
                                <Value units="unitless">0.21</Value>
                        </MoleFraction>
                </Species>
        </Composition>
</Environment>






<Environment envID="Eself-broadening-ref-env">
        <Comments>the HITRAN self-broadening reference conditions</Comments>
        <Temperature>
                <Value units="K">296.</Value>
        </Temperature>
        <TotalPressure>
                <Value units="atm">1.</Value>
        </TotalPressure>
        <Composition>
                <Species name="self">
                        <MoleFraction>
                                <Value units="unitless">1.</Value>
                        </MoleFraction>
                </Species>
        </Composition>
</Environment>
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Hund’s case (a) diatomics: hunda



[image: ElecStateLabel]






		Element:		hunda:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state: [image: X], [image: A], [image: a], [image: B], etc..






		Restrictions:		
		string.
















[image: elecInv]






		Element:		hunda:elecInv






		Attributes:		None.






		Description:		elecInv is the parity of the electronic wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system.






		Restrictions:		
		‘g’ or ‘u’.
















[image: elecRefl]






		Element:		hunda:elecRefl






		Attributes:		None.






		Description:		elecRefl is the parity of the electronic wavefunction with respect to reflection in a plane containing the molecular symmetry axis in the molecular coordinate system (equivalent to inversion through the molecular centre of mass in the laboratory coordinate system).






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: \|\mathit{\Lambda}\|]






		Element:		hunda:Lambda






		Attributes:		None.






		Description:		[image: \|\mathit{\Lambda}\|] is the quantum number associated with the magnitude of the projection of the total electronic orbital angular momentum, [image: \boldsymbol{L}], onto the molecular axis.






		Restrictions:		
		non-negative integer.
















[image: \|\mathit{\Sigma}\|]






		Element:		hunda:Sigma






		Attributes:		None.






		Description:		[image: \|\mathit{\Sigma}\|] is the quantum number associated with the magnitude of the projection of [image: \boldsymbol{S}] onto the molecular axis.






		Restrictions:		
		non-negative integer or half-odd integer.  * [image: \|\mathit{\Sigma}\| = S, S-1, \cdots, \frac{1}{2}\;\mathrm{or}\;0].
















[image: \mathit{\Omega}]






		Element:		hunda:Omega






		Attributes:		None.






		Description:		[image: \mathit{\Omega}] is the quantum number associated with the projection of the total angular momentum (excluding nuclear spin), [image: \boldsymbol{J}], onto the molecular axis: [image: \mathit{\Omega} = \|\mathit{\Lambda} + \mathit{\Sigma}\|] (or [image: \mathit{\Omega} = \|\mathit{\Lambda}\| + \mathit{\Sigma}] if [image: S > \|\mathit{\Lambda}\| > 0]).






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|\mathit{\Omega}\| \le J].
















[image: S]






		Element:		hunda:S






		Attributes:		None.






		Description:		[image: S] is the quantum number associated with the total electronic spin angular momentum, [image: \boldsymbol{S}].






		Restrictions:		
		non-negative integer or half-odd integer.
















[image: v]






		Element:		hunda:v






		Attributes:		None.






		Description:		[image: v] is the vibrational quantum number.






		Restrictions:		
		non-negative integer.
















[image: J]






		Element:		hunda:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin: [image: \boldsymbol{J}=\boldsymbol{L}+\boldsymbol{S}+\boldsymbol{R}].






		Restrictions:		
		non-negative integer or half-odd integer.
















[image: F_1]






		Element:		hunda:F1






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}] to form the intermediate angular momentum.






		Description:		[image: F_1] is the intermediate angular momentum quantum number associated with the coupling of the rotational angular momentum and nuclear spin of nucleus 1 where two such couplings are resolved: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}]; [image: F_1] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|J - I_1\| \le F_1 \le J + I_1].
















[image: F]






		Element:		hunda:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}] (or [image: \boldsymbol{F_1}]) to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one such coupling is resolved; [image: \boldsymbol{F} = \boldsymbol{F_1} + \boldsymbol{I_2}] if both couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.
















[image: r]






		Element:		hunda:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		hunda:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: kronigParity]






		Element:		hunda:kronigParity



		Attributes:		None.  * ‘e’ or ‘f’.










[image: asSym]






		Element:		hunda:asSym






		Attributes:		None.






		Description:		asSym is (for diatomic molecules with a centre of inversion) the symmetry of the rovibronic wavefunction: ‘a’ or ‘s’ such that the total wavefunction including nuclear spin is symmetric or antisymmetric with respect to permutation of the identical nuclei ([image: \hat{P}_{12}]), according to whether they are bosons or fermions respectively.






		Restrictions:		
		‘s’ or ‘a’.
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Case-By-Case reference guide [v 11.05] [r 12.07] OBSOLETE




		Introduction


		The Cases


		Examples
		Example 1: a rovibrational state of [image: CO]


		Example 2: a rovibrational state of [image: \mathrm{NH_3}]


		Example 3: two states of different electronic states of [image: MgH]
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Diatomic closed-shell molecules: dcs



[image: ElectStateLabel]






		Element:		dcs:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state: [image: X], [image: A], [image: a], [image: B], etc..






		Restrictions:		
		string.
















[image: v]






		Element:		dcs:v






		Attributes:		None.






		Description:		[image: v] is the vibrational quantum number.






		Restrictions:		
		non-negative integer.
















[image: J]






		Element:		dcs:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer.
















[image: F_1]






		Element:		dcs:F1



		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to     [image: \boldsymbol{J}] to form the intermediate angular momentum.



		Description:		[image: F_1] is the intermediate angular momentum quantum number associated with the coupling of the rotational angular momentum and nuclear spin of nucleus 1 where two such couplings are resolved: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}]; [image: F_1] is often not a good quantum number. :Restrictions:
* non-negative integer or half-integer.
* [image: \|J - I_1\| \le F_1 \le J + I_1].










[image: F]






		Element:		dcs:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}] (or     [image: \boldsymbol{F_1}]) to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one such coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_1} + \boldsymbol{I_2}] if both couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.
















[image: r]






		Element:		dcs:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		dcs:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: asSym]






		Element:		dcs:asSym






		Attributes:		None.






		Description:		asSym is (for diatomic molecules with a centre of inversion) the symmetry of the rovibronic wavefunction: ‘a’ or ‘s’ such that the total wavefunction including nuclear spin is symmetric or antisymmetric with respect to permutation of the identical nuclei ([image: \hat{P}_{12}]), according to whether they are bosons or fermions respectively.






		Restrictions:		
		‘s’ or ‘a’.
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Open-shell, linear polyatomic molecules: lpos



[image: ElecStateLabel]






		Element:		lpos:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state.






		Restrictions:		
		string.
















[image: elecInv]






		Element:		lpos:elecInv






		Attributes:		None.






		Description:		elecInv is the parity of the electronic wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system.






		Restrictions:		
		‘g’ or ‘u’.













:math:`elecRefl
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		Element:		lpos:elecRefl






		Attributes:		None.






		Description:		elecRefl is the parity of the electronic wavefunction with respect to reflection in a plane containing the molecular symmetry axis in the molecular coordinate system (equivalent to inversion through the molecular centre of mass in the laboratory coordinate system).






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: S]






		Element:		lpos:S






		Attributes:		None.






		Description:		[image: S] is the quantum number associated with the total electronic spin angular momentum, [image: \boldsymbol{S}].






		Restrictions:		
		non-negative integer or half-odd integer.
















[image: v_i]






		Element:		lpos:vi






		Attributes:		mode: a positive integer, identifying the normal mode that this quantum number is associated with.






		Description:		[image: v_i] is the vibrational quantum number associated with the [image: \nu_i] normal mode.






		Restrictions:		
		non-negative integer.
















[image: l_i]






		Element:		lpos:li






		Attributes:		mode: a positive integer, identifying the degenerate normal mode that this vibrational angular momentum quantum number is associated with.






		Description:		[image: l_i] is the vibrational angular momentum quantum number associated with the degenerate [image: \nu_i] normal mode; positive and negative values distinguish [image: l]-type doubling components; if two or more degenerate vibrations are excited, [image: l_i] is only approximately defined (i.e. it is not a totally good quantum number) - see e.g. Herzerg II, p.212.






		Restrictions:		
		non-negative integer.  * [image: \|l_i\| = v_i, v_i-2, \cdots, 1 \;\mathrm{or}\;0].
















[image: l]






		Element:		lpos:l






		Attributes:		None.






		Description:		[image: l] is the total vibrational angular momentum quantum number associated with resultant vibrational angular momentum about the internuclear axis.






		Restrictions:		
		non-negative integer.
















[image: vibInv]






		Element:		lpos:vibInv






		Attributes:		None.






		Description:		vibInv is the parity of the vibronic wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system.






		Restrictions:		
		‘g’ or ‘u’.
















[image: vibRefl]






		Element:		lpos:vibRefl






		Attributes:		None.






		Description:		vibRefl is the parity of the vibronic wavefunction with respect to reflection in a plane containing the molecular symmetry axis in the molecular coordinate system.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: J]






		Element:		lpos:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer or half-odd integer.  * [image: J \ge \|l\|].
















[image: N]






		Element:		lpos:N






		Attributes:		None.






		Description:		[image: N] is the quantum number associated with the total angular momentum excluding electronic and nuclear spin, N: [image: \boldsymbol{J} = \boldsymbol{N} + \boldsymbol{S}].






		Restrictions:		
		non-negative integer.
















[image: I]






		Element:		lpos:I






		Attributes:		nuclearSpinRef: a label, matching /Q.+/ identifying the group of nuclear spins coupled to one another to form a total nuclear spin angular momentum.






		Description:		[image: I] is the quantum number associated with the total nuclear spin angular momentum: [image: \boldsymbol{I} = \boldsymbol{I_1} + \boldsymbol{I_2} + \cdots] where nuclei [image: 1, 2, \cdots] have individual nuclear spin angular momenta [image: \boldsymbol{I_1}, \boldsymbol{I_2}, \cdots].






		Restrictions:		
		non-negative integer or half-integer.
















[image: F_j]






		Element:		lpos:Fj






		Attributes:		
		nuclearSpinRef: a label identifying the nuclear spin being coupled to   [image: \boldsymbol{J}] or [image: \boldsymbol{F_{j-1}}] to form an intermediate   angular momentum;  * [image: j]: an integer label identifying the order of the hyperfine coupling  .









		Description:		[image: F_j] is the intermediate angular momentum quantum number associated with the coupling of the nuclear spin angular momentum of nucleus [image: j] to the intermediate angular momentum: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}] or [image: \boldsymbol{F_j} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}]; [image: \boldsymbol{F_j}] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.
















[image: F]






		Element:		lpos:F






		Attributes:		nuclearSpinRef: a label, matching /Q.+/ identifying the nuclear spin being coupled to [image: \boldsymbol{J}] or [image: \boldsymbol{F_j}] to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one such coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}] if two or more such couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.
















[image: r]






		Element:		lpos:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		lpos:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: kronigParity]






		Element:		lpos:kronigParity






		Attributes:		None.






		Restrictions:		
		‘e’ or ‘f’.
















[image: asSym]






		Element:		lpos:asSym






		Attributes:		None.






		Description:		asSym is (for linear molecules with a centre of inversion) the symmetry of the rovibronic wavefunction: ‘a’ or ‘s’ such that the total wavefunction including nuclear spin is symmetric or antisymmetric with respect to permutation of the identical nuclei ([image: \hat{P}_{12}]), according to whether they are bosons or fermions respectively.






		Restrictions:		
		‘s’ or ‘a’.
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Hund’s case (b) diatomics: hundb



[image: ElecStateLabel]






		Element:		hundb:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state: [image: X], [image: A], [image: a], [image: B], etc..






		Restrictions:		
		string.
















[image: elecInv]






		Element:		hundb:elecInv






		Attributes:		None.






		Description:		elecInv is the parity of the electronic wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system.






		Restrictions:		
		‘g’ or ‘u’.













:math:`elecRefl
“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“” `






		Element:		hundb:elecRefl






		Attributes:		None.






		Description:		elecRefl is the parity of the electronic wavefunction with respect to reflection in a plane containing the molecular symmetry axis in the molecular coordinate system (equivalent to inversion through the molecular centre of mass in the laboratory coordinate system).






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: \|\mathit{\Lambda}\|]






		Element:		hundb:Lambda






		Attributes:		None.






		Description:		[image: \|\mathit{\Lambda}\|] is the quantum number associated with the magnitude of the projection of the total electronic orbital angular momentum, [image: \boldsymbol{L}], onto the molecular axis.






		Restrictions:		
		non-negative integer.
















[image: S]






		Element:		hundb:S






		Attributes:		None.






		Description:		[image: S] is the quantum number associated with the total electronic spin angular momentum, [image: \boldsymbol{S}].






		Restrictions:		
		non-negative integer or half-odd integer.
















[image: v]






		Element:		hundb:v






		Attributes:		None.






		Description:		[image: v] is the vibrational quantum number.






		Restrictions:		
		non-negative integer.
















[image: J]






		Element:		hundb:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin: [image: \boldsymbol{J} = \boldsymbol{N} + \boldsymbol{S} = \boldsymbol{L} + \boldsymbol{S} + \boldsymbol{R}].






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|N - S\| \le J \le N + S].
















[image: N]






		Element:		hundb:N






		Attributes:		None.






		Description:		[image: N] is the quantum number associated with the total angular momentum excluding electronic and nuclear spin, [image: \boldsymbol{N}]: [image: \boldsymbol{J} = \boldsymbol{N} + \boldsymbol{S}].






		Restrictions:		
		non-negative integer.  * [image: N \ge \|\mathit{\Lambda}\|].
















[image: SpinComponentLabel]






		Element:		hundb:SpinComponentLabel






		Attributes:		None.






		Description:		SpinComponentLabel is the positive integer identifying the spin-component label, [image: F_x], where [image: x = 1,2,3, \cdots] in order of increasing energy for a given value of [image: J] - see Herzberg, Spectra of Diatomic Molecules, Van Nostrand, Princeton, N.J., 1950.






		Restrictions:		
		positive integer.
















[image: F_1]






		Element:		hundb:F1






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}] to form the intermediate angular momentum.






		Description:		[image: F_1] is the intermediate angular momentum quantum number associated with the coupling of the rotational angular momentum and nuclear spin of nucleus 1 where two such couplings are resolved: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}]; [image: F_1] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.


		[image: \|J - I_1\| \le F_1 \le J + I_1].
















[image: F]






		Element:		hundb:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}] (or [image: \boldsymbol{F_1}]) to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one such coupling is resolved; [image: \boldsymbol{F} = \boldsymbol{F_1} + \boldsymbol{I_2}] if both couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.
















[image: r]






		Element:		hundb:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		hundb:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: kronigParity]






		Element:		hundb:kronigParity






		Attributes:		None.






		Restrictions:		
		‘e’ or ‘f’.
















[image: asSym]






		Element:		hundb:asSym






		Attributes:		None.






		Description:		asSym is (for diatomic molecules with a centre of inversion) the symmetry of the rovibronic wavefunction: ‘a’ or ‘s’ such that the total wavefunction including nuclear spin is symmetric or antisymmetric with respect to permutation of the identical nuclei ([image: \hat{P}_{12}]), according to whether they are bosons or fermions respectively.






		Restrictions:		
		‘s’ or ‘a’.
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Closed-shell, non-linear triatomics: nltcs



[image: ElecStateLabel]






		Element:		nltcs:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state: [image: X], [image: A], [image: a], [image: B], etc..






		Restrictions:		
		string.
















[image: v_1]






		Element:		nltcs:v1






		Attributes:		None.






		Description:		[image: v_1] is the vibrational quantum number associated with the [image: \nu_1] normal mode.






		Restrictions:		
		non-negative integer.
















[image: v_2]






		Element:		nltcs:v2






		Attributes:		None.






		Description:		[image: v_2] is the vibrational quantum number associated with the [image: \nu_2] normal mode.






		Restrictions:		
		non-negative integer.
















[image: v_3]






		Element:		nltcs:v3






		Attributes:		None.






		Description:		[image: v_3] is the vibrational quantum number associated with the [image: \nu_3] normal mode.






		Restrictions:		
		non-negative integer.
















[image: J]






		Element:		nltcs:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer.
















[image: K_a]






		Element:		nltcs:Ka






		Attributes:		None.






		Description:		[image: K_a] is the rotational quantum label of an asymmetric top molecule, correlating to [image: K] in the prolate symmetric top limit.






		Restrictions:		
		non-negative integer.  * [image: K_a \le J].  * [image: K_a + K_c = J \;\mathrm{or}\;J + 1].
















[image: K_c]






		Element:		nltcs:Kc






		Attributes:		None.






		Description:		[image: K_c] is the rotational quantum label of an asymmetric top molecule, correlating to [image: K] in the oblate symmetric top limit.






		Restrictions:		
		non-negative integer.  * [image: K_c \le J].  * [image: K_a + K_c = J \;\mathrm{or}\;J + 1].
















[image: F_1]






		Element:		nltcs:F1






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}] to form the intermediate angular momentum.






		Description:		[image: F_1] is the intermediate angular momentum quantum number associated with the coupling of the rotational angular momentum and nuclear spin of nucleus 1 where two or more such couplings are resolved: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}]; [image: F_1] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|J - I_1\| \le F_1 \le J + I_1].
















[image: F_2]






		Element:		nltcs:F2






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{F_1}] to form an intermediate angular momentum.






		Description:		[image: F_2] is the intermediate angular momentum quantum number associated with the coupling of the rotational angular momentum and nuclear spin of nucleus 2 where three such couplings are resolved: [image: \boldsymbol{F_2} = \boldsymbol{F_1} + \boldsymbol{I_2}]; [image: F_2] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|F_1 - I_2\| \le F_2 \le F_1 + I_2].
















[image: F]






		Element:		nltcs:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin coupled to [image: \boldsymbol{J}], [image: \boldsymbol{F_1}], or [image: \boldsymbol{F}] to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one hyperfine coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_1} + \boldsymbol{I_2}] if two couplings are resolved, or [image: \boldsymbol{F} = \boldsymbol{F_2} + \boldsymbol{I_3}] if all three couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.  * [image: \|F_2 - I_3\| \le F \le F_2 + I_3].
















[image: r]






		Element:		nltcs:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		nltcs:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: asSym]






		Element:		nltcs:asSym






		Attributes:		None.






		Description:		asSym is the symmetry of the rovibronic wavefunction: ‘a’ or ‘s’ such that the total wavefunction including nuclear spin is symmetric or antisymmetric with respect to permutation of the identical nuclei ([image: \hat{P}_{12}]), according to whether they are bosons or fermions respectively.






		Restrictions:		
		‘s’ or ‘a’.
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Introduction


This document outlines the modifications made to the International Atomic
Energy Agency’s XML Schema for Atomic, Molecular and Solid Data ( XSAMS)
version 0.1.1 for use by the VAMDC.  The modified schema is the working
data model for the VAMDC consortium.  The adopted name for the modified
schema is XSAMS-VAMDC.


XSAMS version 0.1.1: http://www-amdis.iaea.org/xsams/docu/xsams-0.1.1.pdf


XSAMS-VAMDC version 0.2 xsd: http://www.vamdc.org/downloads/vamdc-xsams-v0.2.tar.bz2



Changes versus official schema v.0.1.1



		MolecularState structure has been replaced with case-by-case representation, initially proposed by C.Hill.


The case-by-case XML description of molecular states within XSAMS
is designed to provide a straightforward and flat data structure for representing
the quantum numbers and symmetries that denote a molecular state.
For full documentation on cases see http://www.vamdc.org/documents/cbc_v0.2.pdf.


Each MolecularState has Case element of type cases:BaseCase from separate namespace.


[image: case link to the main schema]
BaseCase type defines the single attribute, caseID, that denotes the case used.


[image: case definition example]
Each specific case, in turn, extends that BaseCase type, defining specific caseID attribute value
and adding QNs element that contains a sequence of quantum numbers and symmetries.











Changes introduced before Cambridge meeting


As things are defined in the current version of schema.


For real changelog see SVN logs and diffs.


Most of the things contributed by Christian Hill.



		States element renamed into Species





		SourceRef‘s in PrimaryType are now elements of type IDREF, not attribute of type IDREFS





		AtomicNumericalData:
new elements: HyperfineConstantA and HyperfineConstantB, describing hyperfine structure
caused by interaction with magnetic dipole and electric quadrupole nuclear moments.





		Environments:
added schema part for line shifting/broadening environment.
For more details see Environments.





		Broadening:
added schema part for Broadening.





		Shiftings:
added schema part for Shifting.





		Cross-sections
added schema part for Absorption cross-sections.





		NuclearSpinSymmetry in MolecularStateCharacterisation is now NuclearSpinIsomer.
Expected values are “ortho”, “para”, “meta”,”A”,”E”





		Added more units:


atm
1/m3
1/cm3









		Renamed IonStateType into AtomicIonType
Renamed IonState element into Ion in Atoms.





		Added speciesID attribute to MoleculeType (Molecule element).


Added speciesID attribute to AtomicIonType in atoms (Atom/Isotope/Ion element).


In collisions, added optional element speciesRef to Reactants and Products.


In radiative and nonradiative transitions added optional speciesRef element.





		Added InChI and InChIKey elements to atomic ions.





		InChIKey is mandatory both for molecules and atomic ions,
since it is used for species identification within VAMDC.





		Removed Comments element from Methods, since Comment element is inherited from PrimaryType.





		ParticleType is now extending PrimaryType.





		
		AtomicState and MoleculeState are now optional elements.


		Since we do have speciesID/speciesRef,
it is not always necessary to define exact state of molecule/atom to refer to it.











		CML atomArray and bondArray elements within MoleculeStructure element added to describe molecule structure.
They replace AtomNType, BondsType, AtomsType and MoleculeNuclearSpins elements and types.





		New vector and matrix data types





		Introduced schema-wide namespace, with URL.


All attributes are defined by type now, not by reference.





		Removed WavelengthWavenumberType in Processes/Radiative/EnergyWavelengthType.
All elements within EnergyWavelengthType are now of type DataType and may occur more than once.
Type should be determined by methodref: experiment, theory, ritz





		Added element EffectiveLandeFactor of type DataType to RadiativeTransitionProbabilityType.





		Added PartitionFunction to MolecularChemicalSpecies element.


[image: PartitionFunction Element]



		Added some test examples (broadening test, azulene information test).











Changes introduced after Cambridge meeting (after 31.03.2011)



		Organization of ID/IDREF pairs, all IDREF types are now defined and documented in typesAttributes.xsd





		Two more units:


1/cm2/atm
1/cm/atm







		Suggestion by Aya Awa Ba








		Cases are properly linked to the main schema now.
Main schema has Case element of type commonTypes:BaseCase, each case extends it.





		State expansion is redone as linear combination of Case elements inside BasisState elements





		In functions, parameter and argument names are attributes now, not elements.





		StateRef type is now called StateRefType for consistency





		Removed PrimaryType extension from MoleculesType, AtomsType and SolidsType.
Now they are just the containters for respective Molecule, Atom and Solid elements.
Removed PrimaryType extension from RadiativeType, NonRadiativeType, CollisionsType.
The intention is to prevent mixing and confusion SourceRef‘s in case of merged documents.





		Removed unused types in statesMolecules that were overridden by CML description of molecular structure.





		Probability in NonRadiativeTransition is optional now



		suggestion by Peter Loboda








		State lifetime in atoms and molecules now has attribute “decay”
that may take values in (total, totalRadiative, totalNonRadiative).
It can be specified no more than three times, once for each state decay mechanism.



		suggestion by Peter Loboda





[image: state decay mechanism attribute in lifetime]



		Radiative transition has now satellite line properties element



		suggestion by Peter Loboda





[image: radiative transition satellite line properties]



		Added several test XML files to illustrate changes, moved examples into tests/valid





		Introduced draft AccuracyType description for DataType





		Changes in Collisions:


In CollisionalTransition.DataSets.DataSet.FitData
remove redundant FunctionRef and FitValidityLimits elements,
cause they are now kept inside the FitParameters element.


In CollisionalTransition rename



		Reactants into Reactant,


		Products into Product,


		IntermediateStates into IntermediateState,





all of them now may appear more then once and are of type SpeciesStateRefType,
which has two child elements: SpeciesRef and StateRef.
At least one of them must be specified, both also may be specified.
It would be kind to always specify SpeciesRef.


[image: ../../_images/CollisionalTransition.png]
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AsOfDate


Return data excluding any additions or improvements that were made after the given date (YYYY-MM-DD). This allows for reproducing an earlier query. Note that probably not all nodes support this.


Type: string


Constraints:





AtomMass


The atomic mass is the mass of an atom expressed in unified atomic mass unit u. It is defined as 1/12 of the rest mass of an unbound carbon-12 atom in its nuclear and electronic ground state. 1 u = 1.660538782(83)E-27 kg.


Units: u


Type: floating-point number


Constraints: >1





AtomMassNumber


Atomic mass number (A), also called mass number or nucleon number, is the total number of protons and neutrons (together known as nucleons) in an atomic nucleus. Because protons and neutrons both are baryons, the mass number A is identical with the baryon number B as of the nucleus as of the whole atom or ion. The mass number is different for each different isotope of a chemical element.


Type: integer number


Constraints: >0





AtomNuclearCharge


Atomic number or nuclear charge


Type: integer number


Constraints: >0





AtomNuclearSpin


The total angular momentum of a nucleus, usually represented as l. For electrons spin and orbital angular momentum are treated separately but particles in a nucleus generally behave as a single entity with intrinsic angular momentum I. Associated with each nuclear spin is a nuclear magnetic moment which produces magnetic interactions with its environment.


Type: floating-point number


Constraints:





AtomStateCoupling


Coupling scheme used to describe the state. Currently five coupling schemes are supported LS, jj, J1J2, jK and LK. For a detailed description of these and other schemes see, e.g., Atomic Spectroscopy at http://physics.nist.gov/Pubs/AtSpec/index.html


Type: string


Constraints:





AtomStateHyperfineMomentum


Type: floating-point number


Constraints:





AtomStateIonizationEnergy


Ionization energy in eV


Units: 1/cm


Type: floating-point number


Constraints: >0





AtomStateKappa


Relativistic correction.


Type: floating-point number


Constraints:





AtomStateLandeFactor


Lande factor


Type: floating-point number


Constraints:





AtomStateMagneticQuantumNumber


Magnetic quantum number of a state, can be integer or half-integer, positive and negative.


Type: floating-point number


Constraints:





AtomStateParity


State parity. Can have values: “even”, “odd” or “undefined”


Type: string


Constraints:





AtomStatePolarizability


State polarizability.


Type: floating-point number


Constraints:





AtomStateQuantumDefect


The quantum defect is a correction applied to the potential to account for the fact that the inner electrons do not entirely screen the corresponding charge of the nucleus. It is particularity important for atoms with single electron in the outer shell.


Type: floating-point number


Constraints:





AtomStateTotalAngMom


Type: integer number


Constraints:





AtomSymbol


Atomic name


Type: string


Constraints:





CollisionCode


Type: string


Constraints:





CollisionIAEACode


Type: string


Constraints:





EnvironmentSpeciesConcentration


The concentration of a species contributing to an Environment


Type: floating-point number


Constraints:





EnvironmentSpeciesMoleFraction


The mole fraction of a species contributing to an Environment


Type: floating-point number


Constraints:





EnvironmentSpeciesPartialPressure


The partial pressure of a species contributing to an Environment


Type: floating-point number


Constraints:





EnvironmentTemperature


Environment temperature


Units: K


Type: floating-point number


Constraints: >0





EnvironmentTotalNumberDensity


The total number density of particles comprising an Environment


Units: 1/cm3


Type: floating-point number


Constraints:





EnvironmentTotalPressure


Environment total pressure


Units: Pa


Type: floating-point number


Constraints: >=0





FunctionID


A unique identifier for this function, of the form ‘Fxxx’


Type: string


Constraints:





FunctionName


The name of this function


Type: string


Constraints:





Inchi


The IUPAC International Chemical Identifier (InChI) is a textual identifier for chemical substances, designed to provide a standard and human-readable way to encode atomic and molecular information and facilitate the search and exchange of such such information in databases and on the web.


Type: string


Constraints:





InchiKey


InChi key is hashed, fixed-length (currently 27 character) form of International Chemical Identifier (InChI) string describing a given atom/ion/isotope. InChIKeys consist of 14 characters resulting from a hash of the connectivity information of the InChI, followed by a hyphen, followed by 9 characters resulting from a hash of the remaining layers of the InChI, followed by a single character indication the version of InChI used, another hyphen, followed by single checksum character. More information about InChI and InChI Key can be found at http://www.iupac.org/inchi/


Type: string


Constraints:





IonCharge


Ionization stage with 0 for neutral


Type: integer number


Constraints: >=0





MethodCategory


Method category. Allowed values are: experiment, theory, ritz, recommended, evaluated, empirical, scalingLaw, semiempirical, compilation, derived


Type: string


Constraints:





MoleculeChemicalName


Conventional molecule name, e.g. CO2, NH3, Feh (may not be unique)


Type: string


Constraints:





MoleculeMolecularWeight


Units: u


Type: floating-point number


Constraints:





MoleculeNormalModeHarmonicFrequency


The harmonic frequency of a normal mode.


Units: MHz


Type: floating-point number


Constraints:





MoleculeProtonation


Type: string


Constraints:





MoleculeQNJ


The molecular J quantum number for total angular momentum excluding nuclear spin


Type: floating-point number


Constraints:





MoleculeQNK


K is the quantum number associated with the projection of the total angular momentum excluding nuclear spin, J, onto the molecular symmetry axis.


Type: integer number


Constraints:





MoleculeQNKa


Ka is the rotational quantum label of an asymmetric top molecule, correlating to K in the prolate symmetric top limit.


Type: integer number


Constraints:





MoleculeQNKc


Kc is the rotational quantum label of an asymmetric top molecule, correlating to K in the oblate symmetric top limit.


Type: integer number


Constraints:





MoleculeQNv


For diatomic molecules, the vibrational quantum number, v


Type: integer number


Constraints:





MoleculeQNv1


The v1 vibrational quantum number.


Type: integer number


Constraints:





MoleculeQNv2


The v2 vibrational quantum number.


Type: integer number


Constraints:





MoleculeQNv3


The v3 vibrational quantum number.


Type: integer number


Constraints:





MoleculeStateNuclearSpinIsomer


Nuclear spin isomer (symmetry) of a molecular state. Can take values like ‘ortho’,’para’,’A’,’E’,’meta’, etc.


Type: string


Constraints:





MoleculeStoichiometricFormula


Molecular stoichiometric formula


Type: string


Constraints:





NonRadTranEnergy


Type: floating-point number


Constraints:





NonRadTranProbability


Type: floating-point number


Constraints:





NonRadTranWidth


Type: floating-point number


Constraints:





ParticleName


Particle name, one of photon, electron, muon, positron, neutron, alpha, cosmic


Type: string


Constraints:





RadTransBroadeningDoppler


Only Restrictable (not NULL) to make a query where there is Broadening information.


Type: string


Constraints:





RadTransBroadeningInstrument


Only Restrictable (not NULL) to make a query where there is Broadening information.


Type: string


Constraints:





RadTransBroadeningNatural


Only Restrictable (not NULL) to make a query where there is Broadening information.


Type: string


Constraints:





RadTransBroadeningPressure


Only Restrictable (not NULL) to make a query where there is Broadening information.


Type: string


Constraints:





RadTransEffectiveLandeFactor


Effective Lande factor for a given transition


Type: floating-point number


Constraints:





RadTransEnergy


The energy of a radiative transition


Type: floating-point number


Constraints:





RadTransFrequency


Radiative transition frequency.


Units: MHz


Type: floating-point number


Constraints:





RadTransProbabilityA


The Einstein coefficient for spontaneous radiative de-excitation (emission) A.


Units: 1/s


Type: floating-point number


Constraints: >= 0





RadTransProbabilityIdealisedIntensity


Type: floating-point number


Constraints:





RadTransProbabilityLineStrength


Line profile-integrated absorption for transition between two energy levels. Line strength K = h&nu; / 4&pi; (n<sub>1</sub> B<sub>12</sub> - n<sub>2</sub> B<sub>21</sub>)


Units: 1/cm


Type: floating-point number


Constraints: >0





RadTransProbabilityLog10WeightedOscillatorStrength


Type: floating-point number


Constraints:





RadTransProbabilityOscillatorStrength


Type: floating-point number


Constraints:





RadTransProbabilityWeightedOscillatorStrength


Type: floating-point number


Constraints:





RadTransWavelength


Radiative transition vacuum wavelength


Units: A


Type: floating-point number


Constraints:





RadTransWavenumber


Radiative transition wavenumber.


Type: floating-point number


Constraints:





SourceCategory


Type of publication, e.g. journal, book etc.


Type: string


Constraints: Journal | Book | Proceedings | On-line





SourceDOI


Digital Object Identifier of bibliography source


Type: string


Constraints:





SourceYear


Publication Year


Type: integer number


Constraints: >0





SpeciesID


Node-specific species identifier, last measure to uniquely identify species if any other identifiers collide


Type: string


Constraints:





StateEnergy


Energy of the level


Units: 1/cm


Type: floating-point number


Constraints: >=0





StateLifeTime


Life time of an atomic state in s.


Units: s


Type: floating-point number


Constraints: >0





StateStatisticalWeight


Type: floating-point number


Constraints:





VAMDCSpeciesID


Internal VAMDC species identifier, inchikey plus suffix, used in case inchikeys collide for molecules.


Type: string


Constraints:
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Type: string


Constraints:



AtomInchi


The IUPAC International Chemical Identifier (InChI) is a textual identifier for chemical substances, designed to provide a standard and human-readable way to encode atomic and molecular information and facilitate the search and exchange of such such information in databases and on the web.


Type: string


Constraints:





AtomInchiKey


InChi key is hashed, fixed-length (currently 27 character) form of International Chemical Identifier (InChI) string describing a given atom/ion/isotope. InChIKeys consist of 14 characters resulting from a hash of the connectivity information of the InChI, followed by a hyphen, followed by 9 characters resulting from a hash of the remaining layers of the InChI, followed by a single character indication the version of InChI used, another hyphen, followed by single checksum character. More information about InChI and InChI Key can be found at http://www.iupac.org/inchi/


Type: string


Constraints:





AtomIonCharge


Ionization stage with 0 for neutral


Type: integer number


Constraints: >=0





AtomIsoelectronicSequence


Type: string


Constraints:





AtomMass


The atomic mass is the mass of an atom expressed in unified atomic mass unit u. It is defined as 1/12 of the rest mass of an unbound carbon-12 atom in its nuclear and electronic ground state. 1 u = 1.660538782(83)E-27 kg.


Units: u


Type: floating-point number


Has DataType suffixes support


Constraints: >1





AtomMassNumber


Atomic mass number (A), also called mass number or nucleon number, is the total number of protons and neutrons (together known as nucleons) in an atomic nucleus. Because protons and neutrons both are baryons, the mass number A is identical with the baryon number B as of the nucleus as of the whole atom or ion. The mass number is different for each different isotope of a chemical element.


Type: integer number


Constraints: >0





AtomNuclearCharge


Atomic number or nuclear charge


Type: integer number


Constraints: >0





AtomNuclearSpin


The total angular momentum of a nucleus, usually represented as l. For electrons spin and orbital angular momentum are treated separately but particles in a nucleus generally behave as a single entity with intrinsic angular momentum I. Associated with each nuclear spin is a nuclear magnetic moment which produces magnetic interactions with its environment.


Type: floating-point number


Constraints:





AtomSpeciesID


Reference key generated by the node software that connects processes and states to specific species. Each such key points at a single Species block in the XSAMS structure,


Type: string


Constraints:





AtomStateAuxillary


This attribute should be set to true if and only if a state was added to be referenced as energyOrigin of StateEnergy or lowestEnergyStateRef of Nuclear spin isomer and does not actually match the conditions of a query that produced the document.


Type: string


Constraints:





AtomStateComponentComment


Sate description involves particular basis in which the wavefunction can be described by a number of components and corresponding quantum numbers. In this case a comment can be added to each component.


Type: string


Constraints:





AtomStateComponentMethod


Type: string


Constraints:





AtomStateComponentRef


Type: string


Constraints:





AtomStateCompositionComment


Atomic state is describe in particular framework resulting in specific presentation of the wavefunction. This comment is supposed to clarify the basis used for representing the specific state.


Type: string


Constraints:





AtomStateConfigurationLabel


String representing configuration in a condensed form. For instance, one may prefer to make use of a short configuration label 2s2.2p instead of providing details of shell populations etc.


Type: string


Constraints:





AtomStateCoreTermJ1J2


J1 or J2 quantum number for atomic core described in J1J2 coupling.


Type: integer number


Constraints:





AtomStateCoreTermJJ


j quantum number for the jj coupling view of an atomic core.


Type: integer number


Constraints:





AtomStateCoreTermJKJ


J quantum number for the JK coupling view of an atomic core. J can be integer or half-integer.


Type: floating-point number


Constraints:





AtomStateCoreTermJKK


K quantum number for the JK coupling view of an atomic core. K can be integer or half-integer.


Type: floating-point number


Constraints:





AtomStateCoreTermJKS2


S2 quantum number for the JK coupling view of an atomic core. S2 is the spin of the “external” term that couples with K to produce J. S2 is usually half-integer.


Type: floating-point number


Constraints:





AtomStateCoreTermLKK


K quantum number for the LK coupling view of an atomic core. K is the angular momentum of the “final” term is produced by the coupling of the total angular momentum L with the spin of the core S1. K is usually half-integer.


Type: floating-point number


Constraints: >0





AtomStateCoreTermLKL


L quantum number for the LK coupling view of an atomic core. L is the total angular momentum. L is integer.


Type: integer number


Constraints:





AtomStateCoreTermLKLSymbol


Core angular momentum symbol???


For example, “p”.


Type: integer number


Constraints:





AtomStateCoreTermLKS2


S2 quantum number for the LK coupling view of an atomic core. S2 is the spin of the “external” term. S2 is usually half-integer.


Type: floating-point number


Constraints: >0





AtomStateCoreTermLSL


L quantum number for the LS coupling view of an atomic core. L is the total orbital angular momentum of the core which couples to the total spin S to produce J. L is integer.


Type: integer number


Constraints: >=0





AtomStateCoreTermLSLSymbol


For example, “p”.


Type: string


Constraints:





AtomStateCoreTermLSMultiplicity


Multiplicity of the core. Multiplicity is 2*S+1, where S is the total spin of the core.


Type: integer number


Constraints: >0





AtomStateCoreTermLSS


S quantum number for the LS coupling view of an atomic core. S is the total spin which couples with the orbital angular momentum of the core L to produce J. S is integer or half-integer.


Type: floating-point number


Constraints: >=0





AtomStateCoreTermLSSeniority


Seniority for core electrons.


Type: integer number


Constraints: >=0





AtomStateCoreTermLabel


This string element is used to represent an atomic term in a condensed form, if necessary. For instance, one may prefer to make use of a term label 3P instead of separately indicating the term S and L values.


Type: string


Constraints:





AtomStateCoreTotalAngMom


Type: integer number


Constraints:





AtomStateCoupling


Coupling scheme used to describe the state. Currently five coupling schemes are supported LS, jj, J1J2, jK and LK. For a detailed description of these and other schemes see, e.g., Atomic Spectroscopy at http://physics.nist.gov/Pubs/AtSpec/index.html


Type: string


Constraints:





AtomStateDescription


Good luck


Type: string


Constraints:





AtomStateElementCore


Optional AtomicCore element (type AtomicCoreType), that is used to compactly represent the atomic core. For instance, one may prefer to use notation [Ne]3d to describe the excited configuration in a Na-like ion. In this case, it would be sufficient to only indicate the ElementCore element set to “Ne”.


Type: string


Constraints:





AtomStateEnergy


Energy of the level


Units: 1/cm


Type: floating-point number


Has DataType suffixes support


Constraints: >=0





AtomStateHyperfineConstantA


Hyperfine splitting due to magnetic dipole interaction


Type: floating-point number


Has DataType suffixes support


Constraints:





AtomStateHyperfineConstantB


Hyperfine splitting due to electric quadrupole interaction


Type: floating-point number


Has DataType suffixes support


Constraints:





AtomStateHyperfineMomentum


Type: floating-point number


Constraints:





AtomStateID


ID for an atomic state, e.g. for linking a process to the state


Type: string


Constraints:





AtomStateIonizationEnergy


Ionization energy in eV


Units: 1/cm


Type: floating-point number


Has DataType suffixes support


Constraints: >0





AtomStateKappa


Relativistic correction.


Type: floating-point number


Constraints:





AtomStateLandeFactor


Lande factor


Type: floating-point number


Has DataType suffixes support


Constraints:





AtomStateLifeTime


Life time of an atomic state in s.


Units: s


Type: floating-point number


Has DataType suffixes support


Constraints: >0





AtomStateMagneticQuantumNumber


Magnetic quantum number of a state, can be integer or half-integer, positive and negative.


Type: floating-point number


Constraints:





AtomStateMixingCoeff


Mixing coefficient is the coefficient in the expansion of a wave function on a specific basis. It could be  - squared (non-negative) or signed. The mandatory attribute mixingClass indicates the nature of the mixing coefficient and the specifics of the expansion.


Type: floating-point number


Constraints:





AtomStateMixingCoeffClass


Mandatory attribute of the mixing coefficient with one of the two values: “squared” or “signed”


Type: string


Constraints:





AtomStateParity


State parity. Can have values: “even”, “odd” or “undefined”


Type: string


Constraints:





AtomStatePolarizability


State polarizability.


Type: floating-point number


Has DataType suffixes support


Constraints:





AtomStateQuantumDefect


The quantum defect is a correction applied to the potential to account for the fact that the inner electrons do not entirely screen the corresponding charge of the nucleus. It is particularity important for atoms with single electron in the outer shell.


Type: floating-point number


Has DataType suffixes support


Constraints:





AtomStateRef


The bibliographical references for a particular atomic state.


Type: string


Constraints:





AtomStateShellID


Atomic shell ID generated by a database.


Type: string


Constraints:





AtomStateShellKappa


Relativistic correction.


Type: floating-point number


Constraints:





AtomStateShellNumberOfElectrons


Number of electrons in a specific shell.


Type: integer number


Constraints: >0





AtomStateShellOrbitalAngMom


Type: integer number


Constraints:





AtomStateShellOrbitalAngMomSymbol


Shell angular momentum symbol?.


Type: string


Constraints:





AtomStateShellPairID


ID for a pair of shells for mixed states assigned by a database.


Type: string


Constraints:





AtomStateShellPairShell1ID


ID for shell1 in a pair of shells assigned by a database.


Type: string


Constraints:





AtomStateShellPairShell1Kappa


Relativistic correction for shell 1 in a pair.


Type: floating-point number


Constraints:





AtomStateShellPairShell1NumberOfElectrons


Number of electrons in shell 1 in a pair.


Type: integer number


Constraints: >0





AtomStateShellPairShell1OrbitalAngMom


Orbital angular momentum of shell 1 in a pair.


Type: integer number


Constraints: >=0





AtomStateShellPairShell1OrbitalAngmomSymbol


Orbital angular momentum symbol for shell 1 in a pair.


Type: string


Constraints:





AtomStateShellPairShell1Parity


Parity of shell 1 in a pair.


Type: string


Constraints:





AtomStateShellPairShell1QN


Principal quantum number of shell 1 in a pair.


Type: integer number


Constraints: >0





AtomStateShellPairShell1TermJ1J2


J1 or J2 in J1J2 coupling for shell 1 in a pair. Can be integer of half-integer.


Type: floating-point number


Constraints: >0





AtomStateShellPairShell1TermJJ


j in jj coupling for shell 1 in a pair. Could be integer or half-integer.


Type: floating-point number


Constraints: >0





AtomStateShellPairShell1TermJKJ


j in jK coupling for shell 1 in pair. Could be integer or half-integer.


Type: floating-point number


Constraints: >0





AtomStateShellPairShell1TermJKK


K in jK coupling for shell 1 in a pair. Could be integer or half-integer.


Type: floating-point number


Constraints: >0





AtomStateShellPairShell1TermJKS2


S2 (spin of external electrons) in jK coupling for shell 1 in a pair. Could be integer or half-integer.


Type: floating-point number


Constraints: >0





AtomStateShellPairShell1TermLKK


K in LK coupling for shell 1 in a pair. Could be integer or half-integer..


Type: floating-point number


Constraints: >0





AtomStateShellPairShell1TermLKL


L in LK coupling for shell 1 in a pair. Could be integer or 0.


Type: integer number


Constraints: >=0





AtomStateShellPairShell1TermLKLSymbol


Orbital angular momentum symbol in LK coupling for shell 1 in a pair.


Type: string


Constraints:





AtomStateShellPairShell1TermLKS2


S2 (spin of external electrons) in jK coupling for shell 1 in a pair. Could be integer or half-integer.


Type: floating-point number


Constraints: >0





AtomStateShellPairShell1TermLSL


L in LS coupling for shell 1 in a pair. Could be integer or 0.


Type: integer number


Constraints: >=0





AtomStateShellPairShell1TermLSLSymbol


Orbital angular momentum symbol in LS coupling for shell 1 in a pair.


Type: string


Constraints:





AtomStateShellPairShell1TermLSMultiplicity


Multiplicity (2s+1) for shell 1 in a pair in LS coupling. Positive integer.


Type: integer number


Constraints: >0





AtomStateShellPairShell1TermLSS


Spin for shell 1 in a pair in LS coupling. Non-negative integer or half-integer.


Type: floating-point number


Constraints: >=0





AtomStateShellPairShell1TermLSSeniority


Seniority for shell 1 in a pair in LS coupling. Non-negative integer.


Type: integer number


Constraints: >=0





AtomStateShellPairShell1TermLabel


Term label for shell 1.


Type: string


Constraints:





AtomStateShellPairShell1TotalAngMom


Total angular momentum J for shell 1 in a pair. Could be non-negative integer or half-integer.


Type: floating-point number


Constraints: >=0





AtomStateShellPairShell2ID


ID for shell2 in a pair of shells assigned by a database.


Type: string


Constraints:





AtomStateShellPairShell2Kappa


Relativistic correction for shell 2 in a pair.


Type: floating-point number


Constraints:





AtomStateShellPairShell2NumberOfElectrons


Number of electrons in shell 2 in a pair.


Type: integer number


Constraints: >0





AtomStateShellPairShell2OrbitalAngMom


Orbital angular momentum of shell 2 in a pair.


Type: integer number


Constraints: >=0





AtomStateShellPairShell2OrbitalAngMomSymbol


Orbital angular momentum symbol for shell 2 in a pair.


Type: string


Constraints:





AtomStateShellPairShell2Parity


Parity of shell 2 in a pair.


Type: string


Constraints:





AtomStateShellPairShell2QN


Principal quantum number of shell 2 in a pair.


Type: integer number


Constraints: >0





AtomStateShellPairShell2TermJ1J2


J1 or J2 in J1J2 coupling for shell 2 in a pair. Can be integer of half-integer..


Type: floating-point number


Constraints: >0





AtomStateShellPairShell2TermJJ


j in jj coupling for shell 2 in a pair. Could be integer or half-integer.


Type: floating-point number


Constraints: >0





AtomStateShellPairShell2TermJKJ


j in jK coupling for shell 2 in a pair. Could be integer or half-integer..


Type: floating-point number


Constraints: >0





AtomStateShellPairShell2TermJKK


K in jK coupling for shell 2 in a pair. Could be integer or half-integer.


Type: floating-point number


Constraints: >0





AtomStateShellPairShell2TermJKS2


S2 (spin of external electrons) in jK coupling for shell 2 in a pair. Could be integer or half-integer.


Type: floating-point number


Constraints: >0





AtomStateShellPairShell2TermLKK


K in LK coupling for shell 2 in a pair. Could be integer or half-integer.


Type: floating-point number


Constraints: >0





AtomStateShellPairShell2TermLKL


L in LK coupling for shell 2 in a pair. Could be integer or 0.


Type: integer number


Constraints: >=0





AtomStateShellPairShell2TermLKLSymbol


Orbital angular momentum symbol in LK coupling for shell 2 in a pair.


Type: integer number


Constraints:





AtomStateShellPairShell2TermLKS2


S2 (spin of external electrons) in jK coupling for shell 2 in a pair. Could be integer or half-integer.


Type: floating-point number


Constraints: >0





AtomStateShellPairShell2TermLSL


L in LK coupling for shell 2 in a pair. Could be integer or 0.


Type: integer number


Constraints: >=0





AtomStateShellPairShell2TermLSLSymbol


Orbital angular momentum symbol in LS coupling for shell 2 in a pair.


Type: string


Constraints:





AtomStateShellPairShell2TermLSMultiplicity


Multiplicity (2s+1) for shell 2 in a pair in LS coupling. Positive integer.


Type: integer number


Constraints: >0





AtomStateShellPairShell2TermLSS


Spin for shell 2 in a pair in LS coupling. Non-negative integer or half-integer.


Type: floating-point number


Constraints: >=0





AtomStateShellPairShell2TermLSSeniority


Seniority for shell 2 in a pair in LS coupling. Non-negative integer.


Type: integer number


Constraints: >=0





AtomStateShellPairShell2TermLabel


Term label for shell 2.


Type: string


Constraints:





AtomStateShellPairShell2TotalAngMom


Total angular momentum J for shell 2 in a pair. Could be non-negative integer or half-integer.


Type: floating-point number


Constraints: >=0





AtomStateShellPairTermJ1J2


Type: integer number


Constraints:





AtomStateShellPairTermJJ


Type: integer number


Constraints:





AtomStateShellPairTermJKJ


Type: integer number


Constraints:





AtomStateShellPairTermJKK


Type: integer number


Constraints:





AtomStateShellPairTermJKS2


Type: integer number


Constraints:





AtomStateShellPairTermLKK


Type: integer number


Constraints:





AtomStateShellPairTermLKL


Type: integer number


Constraints:





AtomStateShellPairTermLKLSymbol


Type: integer number


Constraints:





AtomStateShellPairTermLKS2


Type: integer number


Constraints:





AtomStateShellPairTermLSL


Type: integer number


Constraints:





AtomStateShellPairTermLSLSymbol


Type: integer number


Constraints:





AtomStateShellPairTermLSMultiplicity


Type: integer number


Constraints:





AtomStateShellPairTermLSS


Type: integer number


Constraints:





AtomStateShellPairTermLSSeniority


Type: integer number


Constraints:





AtomStateShellPairTermLabel


Type: string


Constraints:





AtomStateShellParity


Type: integer number


Constraints:





AtomStateShellPrincipalQN


Type: integer number


Constraints:





AtomStateShellTermJ1J2


Type: integer number


Constraints:





AtomStateShellTermJJ


Type: integer number


Constraints:





AtomStateShellTermJKJ


Type: integer number


Constraints:





AtomStateShellTermJKS


Type: integer number


Constraints:





AtomStateShellTermK


Type: integer number


Constraints:





AtomStateShellTermLKK


Type: integer number


Constraints:





AtomStateShellTermLKL


Type: integer number


Constraints:





AtomStateShellTermLKLSymbol


Type: string


Constraints:





AtomStateShellTermLKS2


Type: integer number


Constraints:





AtomStateShellTermLSL


Type: integer number


Constraints:





AtomStateShellTermLSLSymbol


Type: integer number


Constraints:





AtomStateShellTermLSMultiplicity


Type: integer number


Constraints:





AtomStateShellTermLabel


Type: integer number


Constraints:





AtomStateShellTermS


Type: integer number


Constraints:





AtomStateShellTermSeniority


Type: integer number


Constraints:





AtomStateShellTotalAngMom


Type: integer number


Constraints:





AtomStateStatisticalWeight


Type: floating-point number


Constraints:





AtomStateSuperShellNumberOfElectrons


Type: integer number


Constraints:





AtomStateSuperShellPrincipalQN


Type: integer number


Constraints:





AtomStateTermJ1J2


J1 or J2 quantum number for atomic core described in J1J2 coupling.


Type: integer number


Constraints:





AtomStateTermJJ


Type: integer number


Constraints:





AtomStateTermJKJ


Type: integer number


Constraints:





AtomStateTermJKK


Type: integer number


Constraints:





AtomStateTermJKS


Type: integer number


Constraints:





AtomStateTermLKK


Type: integer number


Constraints:





AtomStateTermLKL


Type: integer number


Constraints:





AtomStateTermLKLSymbol


Type: integer number


Constraints:





AtomStateTermLKS2


Type: integer number


Constraints:





AtomStateTermLSL


Type: integer number


Constraints:





AtomStateTermLSLSymbol


Type: string


Constraints:





AtomStateTermLSMultiplicity


Type: integer number


Constraints:





AtomStateTermLSS


Type: floating-point number


Constraints:





AtomStateTermLSSeniority


Type: integer number


Constraints:





AtomStateTermLabel


Type: string


Constraints:





AtomStateTotalAngMom


Type: integer number


Constraints:





AtomSymbol


Atomic name


Type: string


Constraints:





CollisionBranchingRatio


Collision branching ratio


Type: floating-point number


Has DataType suffixes support


Constraints:





CollisionCode


Type: string


Constraints:





CollisionComment


Type: string


Constraints:





CollisionDataSetComment


Type: string


Constraints:





CollisionDataSetDescription


Type: string


Constraints:





CollisionDataSetMethod


Type: string


Constraints:





CollisionDataSetRef


Type: string


Constraints:





CollisionFitDataAccuracy


Type: string


Constraints:





CollisionFitDataArgumentDescription


Type: string


Constraints:





CollisionFitDataArgumentLowerLimit


Type: string


Constraints:





CollisionFitDataArgumentName


Type: string


Constraints:





CollisionFitDataArgumentUnits


Type: string


Constraints:





CollisionFitDataArgumentUpperLimit


Type: string


Constraints:





CollisionFitDataComment


Type: string


Constraints:





CollisionFitDataFunction


Type: string


Constraints:





CollisionFitDataMethod


Type: string


Constraints:





CollisionFitDataParameter


Type: string


Constraints:





CollisionFitDataPhysicalUncertainty


Type: string


Constraints:





CollisionFitDataProductionDate


Type: string


Constraints:





CollisionFitDataRef


Type: string


Constraints:





CollisionGroup


Collision group label


Type: string


Constraints:





CollisionIAEACode


Type: string


Constraints:





CollisionID


Collision ID


Type: string


Constraints:





CollisionIntermediateSpecies


Type: string


Constraints:





CollisionIntermediateState


Type: string


Constraints:





CollisionMethod


Type: string


Constraints:





CollisionProductSpecies


Type: string


Constraints:





CollisionProductState


Type: string


Constraints:





CollisionReactantSpecies


Type: string


Constraints:





CollisionReactantState


Type: string


Constraints:





CollisionRef


Type: string


Constraints:





CollisionTabulatedData


Type: string


Constraints:





CollisionTabulatedDataComment


Type: string


Constraints:





CollisionTabulatedDataMethod


Type: string


Constraints:





CollisionTabulatedDataPhysicalUncertainty


Type: string


Constraints:





CollisionTabulatedDataProductionDate


Type: string


Constraints:





CollisionTabulatedDataRef


Type: string


Constraints:





CollisionTabulatedDataReferenceFrame


Type: string


Constraints:





CollisionTabulatedDataX


Type: floating-point number


Constraints:





CollisionTabulatedDataXAccuracy


Type: floating-point number


Constraints:





CollisionTabulatedDataXAccuracyComment


Type: string


Constraints:





CollisionTabulatedDataXAccuracyErrorFile


Type: string


Constraints:





CollisionTabulatedDataXAccuracyErrorList


Type: floating-point number


Constraints:





CollisionTabulatedDataXAccuracyErrorListN


Type: integer number


Constraints:





CollisionTabulatedDataXAccuracyErrorValue


Type: floating-point number


Constraints:





CollisionTabulatedDataXAccuracyMethodRef


Type: string


Constraints:





CollisionTabulatedDataXAccuracyRelative


Type: string


Constraints:





CollisionTabulatedDataXAccuracyType


Type: string


Constraints:





CollisionTabulatedDataXDataFile


Type: string


Constraints:





CollisionTabulatedDataXDataList


Type: floating-point number


Constraints:





CollisionTabulatedDataXDataListN


Type: integer number


Constraints:





CollisionTabulatedDataXDescription


Type: string


Constraints:





CollisionTabulatedDataXLinearSequenceIncrement


Type: floating-point number


Constraints:





CollisionTabulatedDataXLinearSequenceInitial


Type: floating-point number


Constraints:





CollisionTabulatedDataXLinearSequenceN


Type: integer number


Constraints:





CollisionTabulatedDataXParameter


Type: floating-point number


Constraints:





CollisionTabulatedDataXUnits


Type: string


Constraints:





CollisionTabulatedDataY


Type: floating-point number


Constraints:





CollisionTabulatedDataYAccuracy


Type: floating-point number


Constraints:





CollisionTabulatedDataYAccuracyComment


Type: string


Constraints:





CollisionTabulatedDataYAccuracyErrorFile


Type: string


Constraints:





CollisionTabulatedDataYAccuracyErrorList


Type: floating-point number


Constraints:





CollisionTabulatedDataYAccuracyErrorListN


Type: integer number


Constraints:





CollisionTabulatedDataYAccuracyErrorValue


Type: integer number


Constraints:





CollisionTabulatedDataYAccuracyMethodRef


Type: string


Constraints:





CollisionTabulatedDataYAccuracyRelative


Type: string


Constraints:





CollisionTabulatedDataYAccuracyType


Type: string


Constraints:





CollisionTabulatedDataYDataFile


Type: string


Constraints:





CollisionTabulatedDataYDataList


Type: floating-point number


Constraints:





CollisionTabulatedDataYDataListN


Type: integer number


Constraints:





CollisionTabulatedDataYDescription


Type: string


Constraints:





CollisionTabulatedDataYLinearSequenceIncrement


Type: floating-point number


Constraints:





CollisionTabulatedDataYLinearSequenceInitial


Type: floating-point number


Constraints:





CollisionTabulatedDataYLinearSequenceN


Number of elements in Linear Sequence


Type: integer number


Constraints:





CollisionTabulatedDataYParameter


Type: floating-point number


Constraints:





CollisionTabulatedDataYUnits


Type: string


Constraints:





CollisionThreshold


Type: floating-point number


Has DataType suffixes support


Constraints:





CollisionUserDefinition


Type: string


Constraints:





CrossSectionBandCentre


The centre wavenumber, wavelength, etc. of a feature in an tabulated cross section


Type: floating-point number


Has DataType suffixes support


Constraints:





CrossSectionBandModeComment


Type: string


Constraints:





CrossSectionBandModeDeltaV


List of dV values


Type: floating-point number


Constraints: >0





CrossSectionBandModeDeltaVID


ID of  a normal mode when referenced in the assignment of a band in an assigned cross section


Type: string


Constraints:





CrossSectionBandModeMethod


Type: string


Constraints:





CrossSectionBandModeName


A string, optionally identifying a band in an assigned cross section, e.g. “asymmetric stretch”


Type: string


Constraints:





CrossSectionBandName


Type: string


Constraints:





CrossSectionBandWidth


The width of an assigned feature in a tabulated cross section (in units of wavenumber, wavelength, etc.)


Type: floating-point number


Has DataType suffixes support


Constraints:





CrossSectionDescription


A string describing the cross section being given in a CrossSection element, e.g. ‘IR absorption cross section’


Type: string


Constraints:





CrossSectionEnvironment


Reference to an Environment ID describing the environment applicable to this cross section


Type: string


Constraints:





CrossSectionGroup


Type: string


Constraints:





CrossSectionID


ID label for this cross section data


Type: string


Constraints:





CrossSectionProcess


???


Type: string


Constraints:





CrossSectionSpecies


A reference to the ID of a species contributing to this cross section


Type: string


Constraints:





CrossSectionState


???


Type: string


Constraints:





CrossSectionX


A list of whitespace-delimited values of the independent variable (e.g. wavelength) against which the cross section is given


Type: string


Constraints:





CrossSectionXDataFile


Datafile containing X data.


Type: string


Constraints:





CrossSectionXError


An error (accuracy) applying to each and every data point in the Cross section independent variable data series


Type: floating-point number


Constraints:





CrossSectionXErrorList


A list of errors (accuracy values), separated by whitespace, one for each of the data points listed in the cross section independent variable data series (e.g. wavenumber)


Type: string


Constraints:





CrossSectionXLinearCount


The length of the linear series X_i = initial + increment * i giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values.


Type: integer number


Constraints:





CrossSectionXLinearIncrement


The increment step in the linear series X_i = initial + increment * i giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values.


Type: floating-point number


Constraints:





CrossSectionXLinearInitial


The initial value in the linear series X_i = initial + increment * i giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values.


Type: floating-point number


Constraints:





CrossSectionXName


The name of the independent variable against which the cross section is measured (e.g. wavenumber)


Type: string


Constraints:





CrossSectionXUnit


The units of the independent variable against which the cross section is measured (e.g. 1/cm)


Type: string


Constraints:





CrossSectionY


A whitespace-delimited list of data points comprising the cross section


Type: string


Constraints:





CrossSectionYDataFile


Datafile containing Y data.


Type: string


Constraints:





CrossSectionYError


A single error (accuracy) value applying to each and every data point of the cross section


Type: floating-point number


Constraints:





CrossSectionYErrorList


A white-space delimited list of error (accuracy) values for each data point given for the cross section


Type: string


Constraints:





CrossSectionYLinearCount


The length of the linear series Y_i = initial + increment * i, giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values


Type: integer number


Constraints:





CrossSectionYLinearIncrement


The increment in the linear series Y_i = initial + increment * i giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values


Type: floating-point number


Constraints:





CrossSectionYLinearInitial


The initial valie of the linear series Y_i = initial + increment * i, giving the independent variable against which the cross section is given when this data series is an evenly-spaced series of values


Type: floating-point number


Constraints:





CrossSectionYName


Name of the Cross Section parameter given (e.g. ‘sigma’)


Type: string


Constraints:





CrossSectionYUnit


Units of the cross section (e.g. ‘Mb’, ‘arbitrary’, ‘km/mol’)


Type: string


Constraints:





EnvironmentComment


Type: string


Constraints:





EnvironmentID


An ID of the form “Exxx” identifying this Environment


Type: string


Constraints:





EnvironmentRef


A reference to the ID, of the form ‘Exxx’, identifying the environment referenced here


Type: string


Constraints:





EnvironmentSpecies


A species contributing to an Environment


Type: string


Constraints:





EnvironmentSpeciesConcentration


The concentration of a species contributing to an Environment


Type: floating-point number


Has DataType suffixes support


Constraints:





EnvironmentSpeciesMoleFraction


The mole fraction of a species contributing to an Environment


Type: floating-point number


Has DataType suffixes support


Constraints:





EnvironmentSpeciesName


The name of a species contributing to an Environment


Type: string


Constraints:





EnvironmentSpeciesPartialPressure


The partial pressure of a species contributing to an Environment


Type: floating-point number


Has DataType suffixes support


Constraints:





EnvironmentSpeciesRef


The reference to an ID of a species contributing to an Environment


Type: string


Constraints:





EnvironmentTemperature


Environment temperature


Units: K


Type: floating-point number


Has DataType suffixes support


Constraints: >0





EnvironmentTotalNumberDensity


The total number density of particles comprising an Environment


Units: 1/cm3


Type: floating-point number


Has DataType suffixes support


Constraints:





EnvironmentTotalPressure


Environment total pressure


Units: Pa


Type: floating-point number


Has DataType suffixes support


Constraints: >=0





FunctionArgumentDescription


Description of the function to an argument


Type: string


Constraints:





FunctionArgumentLowerLimit


The lower limit of validity for this argument to the fit or model function


Type: floating-point number


Constraints:





FunctionArgumentName


The name of this argument to the fit or model function


Type: string


Constraints:





FunctionArgumentUnits


The units of this argument to the fit or model function


Type: string


Constraints:





FunctionArgumentUpperLimit


The upper limit of validity for this argument to the fit or model function


Type: floating-point number


Constraints:





FunctionComputerLanguage


Type: string


Constraints:





FunctionDescription


A description of this function


Type: string


Constraints:





FunctionExpression


Type: string


Constraints:





FunctionID


A unique identifier for this function, of the form ‘Fxxx’


Type: string


Constraints:





FunctionName


The name of this function


Type: string


Constraints:





FunctionParameterDescription


A description of this parameter to the fit or model function


Type: string


Constraints:





FunctionParameterName


A name of this parameter to the fit or model function


Type: string


Constraints:





FunctionParameterUnits


A units of this parameter to the fit or model function


Type: string


Constraints:





FunctionReferenceFrame


Type: string


Constraints:





FunctionSourceCodeURL


Type: string


Constraints:





FunctionSourceRef


Type: string


Constraints:





FunctionYDescription


Type: string


Constraints:





FunctionYLowerLimit


Type: floating-point number


Constraints:





FunctionYName


Type: string


Constraints:





FunctionYUnits


Type: string


Constraints:





FunctionYUpperLimit


Type: floating-point number


Constraints:





MethodCategory


Method category. Allowed values are: experiment, theory, ritz, recommended, evaluated, empirical, scalingLaw, semiempirical, compilation, derived


Type: string


Constraints:





MethodComment


Type: string


Constraints:





MethodDescription


Type: string


Constraints:





MethodID


Type: string


Constraints:





MethodRef


Type: string


Constraints:





MoleculeBasisState


A single basis state in the description of a molecular state as an expansion in some basis


Type: string


Constraints:





MoleculeBasisStateComment


A comment relating to this basis state


Type: string


Constraints:





MoleculeBasisStateID


The ID for this basis state


Type: string


Constraints:





MoleculeBasisStateMethod


Method relating to this basis state


Type: string


Constraints:





MoleculeBasisStateRef


A source (reference) for this basis state


Type: string


Constraints:





MoleculeBasisStates


The basis states for a set of molecular states expressed as a linear combination on some basis


Type: string


Constraints:





MoleculeBasisStatesComment


A Comment relating to this set of Basis states


Type: string


Constraints:





MoleculeBasisStatesMethod


A Method relating to this set of Basis states


Type: string


Constraints:





MoleculeBasisStatesRef


One or more source references relating to this set of Basis states


Type: string


Constraints:





MoleculeCASRegistryNumber


Type: string


Constraints:





MoleculeCNPIGroup


Type: string


Constraints:





MoleculeChemicalName


Conventional molecule name, e.g. CO2, NH3, Feh (may not be unique)


Type: string


Constraints:





MoleculeComment


Type: string


Constraints:





MoleculeIUPACName


Type: string


Constraints:





MoleculeInchi


Type: string


Constraints:





MoleculeInchiKey


Type: string


Constraints:





MoleculeIonCharge


Molecule ion charge


Type: integer number


Constraints:





MoleculeMolecularWeight


Units: u


Type: floating-point number


Has DataType suffixes support


Constraints:





MoleculeNormalModeDisplacementVectorComment


Comments concerning this normal mode’s displacement vectors


Type: string


Constraints:





MoleculeNormalModeDisplacementVectorMethod


Type: string


Constraints:





MoleculeNormalModeDisplacementVectorRef


A reference to the atom in the molecule’s structure to which this displacement vector applies


Type: string


Constraints:





MoleculeNormalModeDisplacementVectorX3


The x-component of this atom’s displacement vector


Type: floating-point number


Constraints:





MoleculeNormalModeDisplacementVectorY3


The y-component of this atom’s displacement vector


Type: floating-point number


Constraints:





MoleculeNormalModeDisplacementVectorZ3


The z-component of this atom’s displacement vector


Type: floating-point number


Constraints:





MoleculeNormalModeElectronicState


A reference to the electronic state within which this normal mode applies


Type: string


Constraints:





MoleculeNormalModeHarmonicFrequency


The harmonic frequency of a normal mode.


Units: MHz


Type: floating-point number


Has DataType suffixes support


Constraints:





MoleculeNormalModeID


The ID of this normal mode


Type: string


Constraints:





MoleculeNormalModeIntensity


Normal mode intensity


Type: floating-point number


Has DataType suffixes support


Constraints:





MoleculeNormalModeMethod


Type: string


Constraints:





MoleculeNormalModePointGroupSymmetry


The symmetry species of this normal mode within the point group of the molecule in the specified electronic state


Type: string


Constraints:





MoleculeNormalModeRef


Type: string


Constraints:





MoleculeOrdinaryStructuralFormula


The ordinary structural formula, as it is usually written, for the molecule


Type: string


Constraints:





MoleculePartitionFunction


List of temperatures for which the partition functions are specified.


Type: floating-point number


Constraints:





MoleculePartitionFunctionNSILowestEnergyStateRef


Reference to the lowest rovibronic state of the nuclear spin isomer for which the partition functions are specified


Type: string


Constraints:





MoleculePartitionFunctionNSILowestRoVibSym


Symmetry of the lowest rovibronic state of the nuclear spin isomer.


Type: string


Constraints:





MoleculePartitionFunctionNSIName


Name of the nuclear spin isomer for which the partition functions are specified


Type: string


Constraints:





MoleculePartitionFunctionNSISymGroup


Symmetry group in which the symmetry of lowest rovibronic state of the nuclear spin isomer is specified


Type: string


Constraints:





MoleculePartitionFunctionQ


List of partition functions


Type: floating-point number


Constraints:





MoleculePartitionFunctionUnit


Unit(s) in which the temperatures for partition functions are given


Type: string


Constraints:





MoleculeQNElecStateLabel


A label identifying the molecule’s electronic state, e.g. ‘X’, ‘A’, ‘b’


Type: string


Constraints:





MoleculeQNF


The molecular state quantum number for total angular momentum including nuclear spin


Type: floating-point number


Constraints:





MoleculeQNF1


The molecular state quantum number for angular momentum including hyperfine coupling with one nuclear spin, F1 = J + I1


Type: floating-point number


Constraints:





MoleculeQNF1nuclSpin


Identifier for the nucleus coupling its spin to give F1: F1 = J + I1


Type: string


Constraints:





MoleculeQNF2


The molecular state quantum number for angular momentum including hyperfine coupling with the second of two nuclear spins: F2 = F1 + I2


Type: floating-point number


Constraints:





MoleculeQNF2nuclSpin


Identifier for the second nucleus coupling its spin to give F2: F2 = F1 + I2


Type: string


Constraints:





MoleculeQNFj


The Fj quantum number, for some intermediate nuclear spin coupling: Fj = Fj-1 + Ij (j>1), or Fj = J + Ij (j=1)


Type: floating-point number


Constraints:





MoleculeQNFjj


The integer j, identifying the order of this nuclear spin coupling where several nuclear spins couple: Fj = Fj-1 + Ij (j>1)


Type: integer number


Constraints:





MoleculeQNFjnuclSpin


ID of the nuclear spin coupling to give quantum number Fj


Type: string


Constraints:





MoleculeQNFnuclSpin


ID of the nuclear spin coupling to give quantum number F, the total angular momentum (including nuclear spin).


Type: string


Constraints:





MoleculeQNI


The total nuclear spin quantum number for a coupled set of identical nuclear spins, I = I1 + I2 + ...


Type: floating-point number


Constraints:





MoleculeQNInuclSpin


Type: string


Constraints:





MoleculeQNJ


The molecular J quantum number for total angular momentum excluding nuclear spin


Type: floating-point number


Constraints:





MoleculeQNK


K is the quantum number associated with the projection of the total angular momentum excluding nuclear spin, J, onto the molecular symmetry axis.


Type: integer number


Constraints:





MoleculeQNKa


Ka is the rotational quantum label of an asymmetric top molecule, correlating to K in the prolate symmetric top limit.


Type: integer number


Constraints:





MoleculeQNKc


Kc is the rotational quantum label of an asymmetric top molecule, correlating to K in the oblate symmetric top limit.


Type: integer number


Constraints:





MoleculeQNLambda


Lambda is the quantum number associated with the magnitude of the projection of the total electronic orbital angular momentum, L, onto the molecular axis.


Type: integer number


Constraints:





MoleculeQNN


N is the quantum number associated with the total angular momentum excluding electronic and nuclear spin, N: J = N + S.


Type: integer number


Constraints:





MoleculeQNOmega


Omega is the quantum number associated with the projection of the total angular momentum (excluding nuclear spin), J, onto the molecular axis.


Type: floating-point number


Constraints:





MoleculeQNS


S is the quantum number associated with the total electronic spin angular momentum.


Type: floating-point number


Constraints:





MoleculeQNSigma


Sigma is the quantum number associated with the magnitude of the projection of S onto the molecular axis.


Type: floating-point number


Constraints:





MoleculeQNSpinComponentLabel


SpinComponentLabel is the positive integer identifying the spin-component label, Fx, where x=1,2,3,... in order of increasing energy for a given value of J - see Herzberg, Spectra of Diatomic Molecules, Van Nostrand, Princeton, N.J., 1950.


Type: string


Constraints:





MoleculeQNasSym


a/s-symmetry: the symmetry of the rovibronic wavefunction, ‘a’ or ‘s’ such that the total wavefunction including nuclear spin is symmetric or antisymmetric with respect to permutation of identical nuclei


Type: string


Constraints:





MoleculeQNelecInv


elecInv is the parity of the electronic wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system (‘g’ or ‘u’)


Type: string


Constraints:





MoleculeQNelecRefl


The parity of the electronic wavefunction with respect to reflection in a plane containing the molecular symmetry axis in the molecular coordinate system (equivalent to inversion through the molecular centre of mass in the laboratory coordinate system), ‘+’ or ‘-‘


Type: string


Constraints:





MoleculeQNelecSym


Type: string


Constraints:





MoleculeQNelecSymGroup


Type: string


Constraints:





MoleculeQNkronigParity


kronigParity is the ‘rotationless’ parity: the parity of the total molecular wavefunction excluding nuclear spin and rotation with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, ‘e’ or ‘f’


Type: string


Constraints:





MoleculeQNl


The vibrational angular momentum quantum number, l


Type: integer number


Constraints:





MoleculeQNl2


For linear triatomic molecules, the vibrational angular momentum quantum number associated with the nu2 bending vibration: l2 = v2, v2-2, ..., 1 or 0


Type: integer number


Constraints:





MoleculeQNli


The vibrational angular momentum quantum number, l_i, associated with a degenerate vibrational mode, nu_i: li = vi, vi-2, ..., 1 or 0


Type: integer number


Constraints:





MoleculeQNliMode


An integer identifying the degenerate vibrational mode to which the li quantum number belongs


Type: integer number


Constraints:





MoleculeQNparity


Total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the E* operation, ‘+’ or ‘-‘


Type: string


Constraints:





MoleculeQNr


r is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.


Type: integer number


Constraints:





MoleculeQNrName


A name, identifying the ranking label, r


Type: string


Constraints:





MoleculeQNrotSym


rotSym is the symmetry species of the rotational wavefunction, in some appropriate symmetry group.


Type: string


Constraints:





MoleculeQNrotSymGroup


The symmetry group used in giving the rotational symmetry species label


Type: string


Constraints:





MoleculeQNrovibSym


Type: string


Constraints:





MoleculeQNrovibSymGroup


Type: string


Constraints:





MoleculeQNv


For diatomic molecules, the vibrational quantum number, v


Type: integer number


Constraints:





MoleculeQNv1


The v1 vibrational quantum number.


Type: integer number


Constraints:





MoleculeQNv2


The v2 vibrational quantum number.


Type: integer number


Constraints:





MoleculeQNv3


The v3 vibrational quantum number.


Type: integer number


Constraints:





MoleculeQNvi


The vi vibrational quantum number for the ith normal mode


Type: integer number


Constraints:





MoleculeQNviMode


An integer identifying the vibrational normal mode for the vi quantum number


Type: integer number


Constraints:





MoleculeQNvibInv


vibInv is the parity of the vibrational wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system. Only really necessary for molecules with a low barrier to such an inversion (for example, NH3), ‘s’ or ‘a’.


Type: string


Constraints:





MoleculeQNvibRefl


vibRefl is the parity of the vibrational wavefunction with respect to reflection in a plane containing the molecular symmetry axis in the molecular coordinate system, ‘+’ or ‘-‘.


Type: string


Constraints:





MoleculeQNvibSym


Vibrational wavefunction symmetry species


Type: string


Constraints:





MoleculeQNvibSymGroup


The symmetry group used to specify the vibrational wavefunction symmetry species


Type: string


Constraints:





MoleculeQnCase


Case name for the case-by-case molecular state description


Type: string


Constraints:





MoleculeSpeciesID


ID for the molecular species


Type: string


Constraints:





MoleculeStableMolecularProperties


Molecular properties such as molecular weight


Type: string


Constraints:





MoleculeStateAuxillary


This attribute should be set to true if and only if a state was added to be referenced as energyOrigin of StateEnergy or lowestEnergyStateRef of Nuclear spin isomer and does not actually match the conditions of a query that produced the document.


Type: string


Constraints:





MoleculeStateDescription


A text description of this molecular state


Type: string


Constraints:





MoleculeStateEnergy


The energy of a molecular state


Units: 1/cm


Type: floating-point number


Has DataType suffixes support


Constraints:





MoleculeStateEnergyOrigin


A string identifying where the origin is taken for the energy of this molecular state


Type: string


Constraints:





MoleculeStateExpansionCoeff


Type: floating-point number


Constraints:





MoleculeStateExpansionCoeffStateRef


Type: string


Constraints:





MoleculeStateExpansionComments


Type: string


Constraints:





MoleculeStateExpansionMethodRef


Type: string


Constraints:





MoleculeStateExpansionSourceRef


One or more source references - these entries should match the sourceID attributes of the Sources.


Type: string


Constraints:





MoleculeStateFullyAssigned


A boolean value, asserting that the state is fully assigned (true) or not (false)


Type: string


Constraints:





MoleculeStateID


A string, of the form ‘Sxxx’ identifying this molecular state


Type: string


Constraints:





MoleculeStateLifeTime


Molecular state lifetime in seconds


Units: s


Type: floating-point number


Has DataType suffixes support


Constraints: >0





MoleculeStateMixingCoefficient


Type: string


Constraints:





MoleculeStateNSILowestEnergyStateRef


Reference to the state of this spin isomer having the lowest energy


Type: string


Constraints:





MoleculeStateNSILowestRoVibSym


The symmetry species of the rovibronic wavefunction of the lowest state of the nuclear spin isomer


Type: string


Constraints:





MoleculeStateNSIName


Spin isomer conventional name, like ‘ortho’,’para’,’meta’,’A’,’E’.


Type: string


Constraints:





MoleculeStateNSISymGroup


The symmetry group used by MoleculeStateNSILowRoVibSym


Type: string


Constraints:





MoleculeStateNuclearStatisticalWeight


Nuclear statistical weight for a given molecular energy level


Type: integer number


Constraints: >0





MoleculeStateParameterMatrix


A space-separated list of values for the matrix. For an arbitrary matrix, it has nrows*ncols entries. For a diagonal matrix there are nrows=ncols entries. For a symmetric matrix there are nrows(nrows+1)/2 entries etc.


Type: string


Constraints:





MoleculeStateParameterMatrixColRefs


This is a space-separated list of column names for the parameter matrix, as many as there are columns.


Type: string


Constraints:





MoleculeStateParameterMatrixForm


Molecular State parameter on matrix form; the matrix’ form, such as “symmetric”, “diagonal” etc.


Type: string


Constraints:





MoleculeStateParameterMatrixNcols


Molecular State parameters in matrix form; number of matrix columns


Type: integer number


Constraints:





MoleculeStateParameterMatrixNrows


Molecular state parameter data on matrix form, number of rows in matrix


Type: integer number


Constraints:





MoleculeStateParameterMatrixRowRefs


This is a space-separated list of row names for the parameter matrix, as many as there are rows.


Type: string


Constraints:





MoleculeStateParameterMatrixUnits


Molecular State parameters, units for data on matrix data form


Type: string


Constraints:





MoleculeStateParameterMatrixValues


Molecular State parameter on matrix form; type of matrix values: “real”, “imaginary” or “complex”.


Type: string


Constraints:





MoleculeStateParameterValueData


State parameter with a specific value


Type: floating-point number


Has DataType suffixes support


Constraints:





MoleculeStateParameterVectorDataUnits


Molecular State vector data units


Type: string


Constraints:





MoleculeStateParameterVectorRef


Molecular State parameter reference string giving context.


Type: string


Constraints:





MoleculeStateParameterVectorX3


Molecular State parameter vector coordinate X


Type: floating-point number


Constraints:





MoleculeStateParameterVectorY3


Molecular State parameter vector coordinate Y


Type: floating-point number


Constraints:





MoleculeStateParameterVectorZ3


Molecular State parameter vector coordinate Z


Type: floating-point number


Constraints:





MoleculeStateParameters


Additional parameters of molecular state


Type: string


Constraints:





MoleculeStateParity


Type: string


Constraints:





MoleculeStateQuantumNumbers


Type: string


Constraints:





MoleculeStateTotalStatisticalWeight


Total statistical weight (degeneracy) for a given molecular energy level


Type: integer number


Constraints: >0





MoleculeStoichiometricFormula


Molecular stoichiometric formula


Type: string


Constraints:





MoleculeStructure


The molecular structure, as defined in CML


Type: string


Constraints:





MoleculeURLFigure


Type: string


Constraints:





NodeID


A unique string for each VAMDC node. For example used for xsams-internal referencing. This MUST be filled.


Type: string


Constraints:





NonRadTranComment


Type: string


Constraints:





NonRadTranEnergy


Type: floating-point number


Has DataType suffixes support


Constraints:





NonRadTranGroup


non-radiative transition group label


Type: string


Constraints:





NonRadTranID


non-radiative transition ID


Type: string


Constraints:





NonRadTranLowerState


Lower state of the transition


Type: string


Constraints:





NonRadTranMethod


Type: string


Constraints:





NonRadTranProbability


Type: floating-point number


Has DataType suffixes support


Constraints:





NonRadTranProcess


Type: string


Constraints:





NonRadTranRef


Type: string


Constraints:





NonRadTranSpecies


Type: string


Constraints:





NonRadTranType


Type: string


Constraints:





NonRadTranUpperState


Upper state of the transition


Type: string


Constraints:





NonRadTranWidth


Type: floating-point number


Has DataType suffixes support


Constraints:





ParticleCharge


Type: string


Constraints:





ParticleComment


Type: string


Constraints:





ParticleMass


Type: string


Has DataType suffixes support


Constraints:





ParticleMethod


Type: string


Constraints:





ParticleName


Particle name, one of photon, electron, muon, positron, neutron, alpha, cosmic


Type: string


Constraints:





ParticlePolarization


Type: floating-point number


Constraints:





ParticleRef


Type: string


Constraints:





ParticleSpeciesID


Type: string


Constraints:





ParticleSpin


Type: floating-point number


Constraints:





RadTransBroadeningDopplerComment


Comments relating to this Doppler broadening process


Type: string


Constraints:





RadTransBroadeningDopplerEnvironment


A reference to an Environment ID, describing the environment (in particular, temperature) for this Doppler broadening process


Type: string


Constraints:





RadTransBroadeningDopplerLineshapeName


The name of the lineshape resulting from this Doppler broadening process (‘gaussian’, most likely).


Type: string


Constraints:





RadTransBroadeningDopplerLineshapeParameter


A parameter to the Doppler lineshape


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransBroadeningDopplerLineshapeParameterName


The name of a parameter for the Doppler lineshape.


Type: string


Constraints:





RadTransBroadeningDopplerMethod


A reference to the method by which this Doppler broadening process is determined.


Type: string


Constraints:





RadTransBroadeningDopplerRef


A source reference for Doppler broadening process.


Type: string


Constraints:





RadTransBroadeningInstrumentComment


Comments relating to instrumental line broadening


Type: string


Constraints:





RadTransBroadeningInstrumentEnvironment


The ID of an Environment element, describing the environment of the intstrumental broadening process


Type: string


Constraints:





RadTransBroadeningInstrumentLineshapeName


Instrument broadening lineshape name


Type: string


Constraints:





RadTransBroadeningInstrumentLineshapeParameter


An instrument broadening lineshape parameter


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransBroadeningInstrumentLineshapeParameterName


The name of a parameter used in the description of an instrument-broadening lineshape.


Type: string


Constraints:





RadTransBroadeningInstrumentMethod


A reference to the Method by which the instrument-broadening process is determined.


Type: string


Constraints:





RadTransBroadeningInstrumentRef


A Source reference for the instrument-broadening process.


Type: string


Constraints:





RadTransBroadeningNaturalComment


Comments relating to this natural (radiative) broadening process


Type: string


Constraints:





RadTransBroadeningNaturalEnvironment


The ID of an Environment element, describing the environment of this natural broadening process


Type: string


Constraints:





RadTransBroadeningNaturalLineshapeName


The name of the line shape used to describe this natural line broadening


Type: string


Constraints:





RadTransBroadeningNaturalLineshapeParameter


A broadening parameter for natural broadening.


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransBroadeningNaturalLineshapeParameterName


The name of natural broadening parameters.


Type: string


Constraints:





RadTransBroadeningNaturalMethod


A reference to the Method by which this natural broadening line shape was determined


Type: string


Constraints:





RadTransBroadeningNaturalRef


A Source reference for this natural broadening line shape


Type: string


Constraints:





RadTransBroadeningPressureComment


Comments relating to this pressure broadening process


Type: string


Constraints:





RadTransBroadeningPressureEnvironment


A reference to the Environment element describing the environment (temperature, pressure, composition) of this pressure broadening process


Type: string


Constraints:





RadTransBroadeningPressureLineshapeName


The name of the line shape used to describe the line broadening by pressure-broadening.


Type: string


Constraints:





RadTransBroadeningPressureLineshapeParameter


A parameter to the pressure-broadened line shape.


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransBroadeningPressureLineshapeParameterFitArgumentDescription


Type: string


Constraints:





RadTransBroadeningPressureLineshapeParameterFitArgumentFunction


Type: floating-point number


Constraints:





RadTransBroadeningPressureLineshapeParameterFitArgumentLowerLimit


Type: floating-point number


Constraints:





RadTransBroadeningPressureLineshapeParameterFitArgumentName


Type: string


Constraints:





RadTransBroadeningPressureLineshapeParameterFitArgumentUnits


Type: string


Constraints:





RadTransBroadeningPressureLineshapeParameterFitArgumentUpperLimit


Type: floating-point number


Constraints:





RadTransBroadeningPressureLineshapeParameterFitParameterName


Type: string


Constraints:





RadTransBroadeningPressureLineshapeParameterName


The name of this parameter to the pressure-broadened line shape.


Type: string


Constraints:





RadTransBroadeningPressureMethod


A reference to the Method by which this pressure-broadened line shape was determined.


Type: string


Constraints:





RadTransBroadeningPressureRef


A Source reference for this pressure-broadened line shape.


Type: string


Constraints:





RadTransComment


(String)


Type: string


Constraints:





RadTransEffectiveLandeFactor


Effective Lande factor for a given transition


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransEnergy


The energy of a radiative transition


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransFrequency


Radiative transition frequency.


Units: MHz


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransGroup


Radiative transition group label


Type: string


Constraints:





RadTransID


Transition ID


Type: string


Constraints:





RadTransLowerStateRef


Reference to the lower State of this radiative transition.


Type: string


Constraints:





RadTransProbabilityA


The Einstein coefficient for spontaneous radiative de-excitation (emission) A.


Units: 1/s


Type: floating-point number


Has DataType suffixes support


Constraints: >= 0





RadTransProbabilityIdealisedIntensity


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransProbabilityKind


Type: string


Constraints:





RadTransProbabilityLineStrength


Line profile-integrated absorption for transition between two energy levels. Line strength K = h&nu; / 4&pi; (n<sub>1</sub> B<sub>12</sub> - n<sub>2</sub> B<sub>21</sub>)


Units: 1/cm


Type: floating-point number


Has DataType suffixes support


Constraints: >0





RadTransProbabilityLog10WeightedOscillatorStrength


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransProbabilityOscillatorStrength


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransProbabilityWeightedOscillatorStrength


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransProcess


Transition process, deexcitation or excitation


Type: string


Constraints:





RadTransRefs


Type: string


Constraints:





RadTransShifting


The pressure-shifting process for a radiative transition.


Type: string


Constraints:





RadTransShiftingComment


Comments relating to this pressure-shifting process.


Type: string


Constraints:





RadTransShiftingEnv


A reference to an Environment element giving the environment (pressure, temperature, composition) in which this pressure-shifting process occurs.


Type: string


Constraints:





RadTransShiftingMethod


Reference to the Method by which this pressure-shifting process was determined.


Type: string


Constraints:





RadTransShiftingName


Type: string


Constraints:





RadTransShiftingParam


Shifting parameter value


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransShiftingParamFitArgumentDescription


Type: string


Constraints:





RadTransShiftingParamFitArgumentLowerLimit


Type: floating-point number


Constraints:





RadTransShiftingParamFitArgumentName


List of argument names


Type: string


Constraints:





RadTransShiftingParamFitArgumentUnits


Type: string


Constraints:





RadTransShiftingParamFitArgumentUpperLimit


Type: floating-point number


Constraints:





RadTransShiftingParamFitFunction


Type: string


Constraints:





RadTransShiftingParamFitParameter


Type: string


Has DataType suffixes support


Constraints:





RadTransShiftingParamFitParameterName


Type: string


Constraints:





RadTransShiftingParamName


Type: string


Constraints:





RadTransShiftingRef


Reference to a Source for this pressure-shifting process.


Type: string


Constraints:





RadTransSpeciesRef


Type: string


Constraints:





RadTransTransitionType


A string, ‘excitation’ or ‘deexcitation’, determining whether a radiative transition is given in absorption or emission respectively


Type: string


Constraints:





RadTransUpperStateRef


The upper state for the transition


Type: string


Constraints:





RadTransWavelength


Radiative transition vacuum wavelength


Units: A


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransWavelengthAirToVac


The vactor to convert air wavelength to vacuum


Type: floating-point number


Has DataType suffixes support


Constraints:





RadTransWavelengthEnv


The environment reference which the wavelength was measured in


Type: string


Constraints:





RadTransWavelengthVacuum


Boolean whether the wavelength is in vacuum (default) or not.


Type: string


Constraints:





RadTransWavenumber


Radiative transition wavenumber.


Type: floating-point number


Has DataType suffixes support


Constraints:





SolidComment


Type: string


Constraints:





SolidLayerComment


Type: string


Constraints:





SolidLayerComponentComment


Type: string


Constraints:





SolidLayerComponentElementSymbol


Type: string


Constraints:





SolidLayerComponentMethod


Type: string


Constraints:





SolidLayerComponentNuclearCharge


Type: string


Constraints:





SolidLayerComponentPercentage


Type: floating-point number


Constraints:





SolidLayerComponentRef


Type: string


Constraints:





SolidLayerComponentStochiometricValue


Type: floating-point number


Constraints:





SolidLayerName


Type: string


Constraints:





SolidLayerTemperature


Type: string


Has DataType suffixes support


Constraints:





SolidLayerThickness


Type: string


Has DataType suffixes support


Constraints:





SolidLayerTopology


Type: string


Constraints:





SolidMethod


Type: string


Constraints:





SolidRef


Type: string


Constraints:





SolidSpeciesID


Type: string


Constraints:





SourceArticleNumber


Type: string


Constraints:





SourceAuthorName


Name of one of the authors


Type: string


Constraints:





SourceCategory


Type of publication, e.g. journal, book etc.


Type: string


Constraints: Journal | Book | Proceedings | On-line





SourceComments


Comments and notes connected with a Source (reference)


Type: string


Constraints:





SourceDOI


Digital Object Identifier of bibliography source


Type: string


Constraints:





SourceID


Type: string


Constraints:





SourceName


E.g. JQSRT


Type: string


Constraints:





SourcePageBegin


Starting page number


Type: integer number


Constraints: >=0





SourcePageEnd


Type: string


Constraints:





SourceTitle


Full title of the paper


Type: string


Constraints:





SourceURI


Webb link to the publication


Type: string


Constraints:





SourceVolume


Volumen number


Type: integer number


Constraints: >0





SourceYear


Publication Year


Type: integer number


Constraints: >0
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AtomStates


Requesting information about atoms, including the states information.





Atoms


Requesting information about atoms, without their states.





Collisions


collisional process data





Functions





Methods


method information





MoleculeBasisStates


The basis states for a set of molecular states expressed as a linear combination on some basis





MoleculeQuantumNumbers


Request the full molecule information, including states and quantum numbers.





MoleculeStates


request molecules, including their states but excluding the quantum numbers





Molecules


Request molecules, without information about their states.





NonRadiativeTransitions


non-radiative transitions data





Particles


request particle information only





Processes


data for all available processes





RadiativeCrossSections


Absorption (or emission?) cross sections as a function of wavelength or frequency-equivalent





RadiativeTransitions


radiative transitions data





Solids


Restrict the search to databases containing information about solids.





Sources


source reference information





Species


only brief species information, without states





States


complete states information
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Absorption cross-sections



Among with RadiativeTransition elements, Radiative processes block now has a CrossSection element,
which allows description of
absorption cross-section data and vibrational bands assignment in case of complex molecules.


[image: RadiativeTransition child elements]

		Description, X and Y elements describe cross-section data in tabular form,
where X can be absorbed radiation frequency, wavelength or wavenumber in a form of a list of values or sequence.
Y then represents a sequence of sigma values.


		Species element may have StateRef and/or SpeciesRef child elements, indicating species or specific states,
to which crossection data applies.


		BandAssignment allows to indicate specific vibrational modes in cross-section data.





[image: CrossSection BandAssignment element]





Example cross-sections record



Warning: DataList is truncated for clarity, originally it contains 880 space-separated numbers.
You may see the original element in schema examples (tests/valid/azulene-working.xml).


<CrossSection>
        <SourceRef>B_NIST1</SourceRef>

        <Description>The IR transmittance cross section of azulene from the NIST
        Standard Reference Data Program Collection</Description>

        <X parameter="wavenumber" units="1/cm">
                <LinearSequence n="880" units="1/cm" a0="450." a1="4"/>
        </X>
        <Y parameter="sigma" units="arbitrary">
                <DataList n="880">
                        0 85 94 .. 102
                </DataList>
        </Y>

        <Species>
                <SpeciesRef>X-CUFNKYGDVFVPHO-UHFFFAOYAT</SpeciesRef>
                <StateRef>SX_Azulene-1</StateRef>
        </Species>

        <BandAssignment name="2v1+v2">
                <BandCentre>
                        <Value units="1/cm">410</Value>
                        <Accuracy>2</Accuracy>
                </BandCentre>
                <BandWidth>
                        <Value units="1/cm">40</Value>
                        <Accuracy>5</Accuracy>
                </BandWidth>
                <Modes>
                        <DeltaV modeID="V1">2</DeltaV>
                        <DeltaV modeID="V2">1</DeltaV>
                </Modes>
        </BandAssignment>
        <BandAssignment name="3v4+2v5">
                <BandCentre>
                        <Value units="1/cm">1657</Value>
                        <Accuracy>10</Accuracy>
                </BandCentre>
                <BandWidth>
                        <Value units="1/cm">120</Value>
                        <Accuracy>15.5</Accuracy>
                </BandWidth>
                <Modes>
                        <DeltaV modeID="V2">3</DeltaV>
                        <DeltaV modeID="V3">2</DeltaV>
                </Modes>
        </BandAssignment>

</CrossSection>
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VAMDC-XSAMS changelog [v 0.2] [r 12.07]
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On treating incoming queries
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Node implementation guidelines  [v 11.12]
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On delivering data



Returning more Sources than needed





A Source for the node itself


including query, timestamp etc





Sources for secondary data





The date of latest change


header + capabilities





Reproducability


AsOfDate





Accuracies





Limiting the data output








          

      

      

    


    
        © Copyright 2010-2012, VAMDC.
      Created using Sphinx 1.2.2.
    

  

_images/Case.png
© [ casesiasecase

Case
Type casesBaseCase

© © atributes

Description of state using oot for QNs elements of cases. In main schema s it that
auantum numbers from one of is referenced.Each case should extend this type to add
s

defined cases





_static/ajax-loader.gif





_static/VAMDC_logo.png
Jirtual Atomic and Molecular Data Centre





_static/plus.png





_static/comment-close.png





_static/up-pressed.png





_static/up.png





_static/down.png





_images/math/83956e92fcc80dee17fce864543216939a3c9da7.png





_static/down-pressed.png





_images/math/b43c7c7155a3f75f74570009e76ac36bb48cecae.png





_images/math/716a52cd729e168d0204eba2092dcad0ca559d38.png





_images/math/dec793206685a46d8ffa9545687557ee9aef65b5.png





dataModel/vamdcxsams/bibliography.html


    
      Navigation


      
        		
          index


        		standards documentation »

 
      


    


    
      
          
            
  


		[Hanisch]		Hanisch, R. (Editor), Resource Metadata for
the Virtual Observatory, 2002, see website: http://www.ivoa.net/Documents/.









		[Conventions1]		Schutte, C. J. H., Bertie, E., Bunker, P. R., Hougen, T.,
Mills, I., Watson, J. K. G. and Winnewisser, B. P. (1997)


Notations and conventions in molecular spectroscopy:
part 1. General spectroscopic notation.


Pure and Applied Chemistry, 69 (8). pp. 1633-1639. ISSN 0033-4545












		[Conventions2]		Schutte, C. J. H., Bertie, J. E., Bunker, P. R., Hougen , J. T.,
Mills, I., Watson, J. K. G. and Winnewisser, B. P. (1997).


Notations and conventions in molecular spectroscopy:
part 2. Symmetry notation.


Pure and Applied Chemistry, 69 (8). pp. 1641-1649. ISSN 0033-4545












		[Conventions3]		Bunker, P. R., Schutte, C. J. H., Hougen, J. T.,
Mills, I., Watson, J. K. G. and Winnewisser, B. P. (1997)


Notations and conventions in molecular spectroscopy:
part 3. Permutation and permutation-inversion symmetry notation.


Pure and Applied Chemistry, 69 (8). pp. 1651-1657. ISSN 0033-4545












		[Janev]		Janev, R.K. (Editor), Summary Report of an
IAEA Consultants’ Meeting on Atomic Data Base and Fusion Applications
Interface, Vienna, 9-13 May 1988, IAEA report INDC(NDS)-211/GA (1988).









		[Lorenz]		Lorenz, A. and Seamon, R.E.
(Editors), Summary Report on the First Meeting of the Atomic and Molecular
Data Centre Network, 9-13 May 1977, IAEA report INDC(NDS)-88/GB (1977).









		[Mulliken55]		Mulliken, R. 1955, J. Chem. Phys., 23, 1997









		[ADAS]		http://www.adas.ac.uk/









		[XSAMS]		IAEA version of XSAMS: http://www-amdis.iaea.org/xsams/









		[VAMDC-XSAMS-PDF]		PDF of VAMDC-XSAMS reference guide: http://www.vamdc.org/documents/vamdc-xsams-guide_v0.3.pdf









		[VAMDC-XSAMS-SCHEMA]		Tarball of VAMDC-XSAMS schema files (and examples): http://www.vamdc.org/downloads/vamdc-xsams-v0.3.tar.bz2









		[VAMDC-XSAMS-DOC]		http://www.vamdc.org/documents/vamdc-xsams-doc-v0.3/ Autogenerated HTML documentation for XSAMS.









		[VAMDC-XSAMS-LOG]		Change Log Document : http://www.vamdc.org/documents/vamdc-xsams-changelog_v0.2.pdf









		[case-by-case]		Reference Document for case-by-case description of molecular states: http://www.vamdc.org/documents/cbc_v0.3.pdf









		[UnitsML]		http://unitsml.nist.gov/









		[DOI]		http://www.doi.org/









		[IUPAC]		http://www.chem.qmul.ac.uk/iupac/









		[IUPACAt]		Recommendations for the Naming of Elements of Atomic Numbers Greater than 100,
http://www.chem.qmul.ac.uk/iupac/AtWt/element.html









		[InChI]		http://www.iupac.org/inchi/









		[CML]		Chemical Markup Language, http://www.xml-cml.org/









		[IAEAProc]		HUMBERT Denis, RALCHENKO Yuri, KRSTIC Predrag, CLARK Robert E.H.,
Classification of Processes, Version 1.2, 7 October 2003.
http://www-amdis.iaea.org/DCN/ProcessClassification.pdf









		[IVOA]		International Virtual Observatory Alliance (IVOA), http://www.ivoa.net/
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Species



[image: ../../_images/Species.png]
Species branch of XSAMS, having four child elements, is used to represent the static properties
of species, used in spectroscopy.


Species.Atoms, Species.Molecules, Species.Particles, Species.Solids elements are defined, each
describing the corresponding kind of species.
Atoms and Molecules may be identified by speciesID  attribute, even if no state information is available,
and all four kinds can be referenced by the stateID (StateIDType) attribute. In this case, for Atoms and Molecules,
at least a dummy ground state needs to be created.
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Processes.NonRadiative


Describes typical processes of a spontanous decay without photons, for
instance, autoionization or predissociation.


[image: ../../_images/NonRadiative.png]
NonRadiative element is a container for a list of NonRadiativeTransition elements



NonRadiativeTransition



[image: ../../_images/NonRadiativeTransition.png]
NonRadiativeTransition element is defined in NonRadiativeTransitionType as
the extension of the PrimaryType, containing following attributes and elements:



		mandatory id attribute of type ProcessIDType,


		optional groupLabel attribute of type String, used to indicate arbitrary process groups;


		optional process attribute to specify if deexcitation or excitation is described;


		mandatory UpperStateRef StateRefType reference,


		optional LowerStateRef of the same type,


		optional SpeciesRef of SpeciesRefType,


		optional Probability element (type DataType),


		optional TransitionEnergy of DataType, the energy difference between initial and
final state.


		optional string Type element, that may provide additional details (e.g., indicate that this is a
Coster-Kronig process).
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Environments



Environments branch of the schema allows to describe the environment that is important
for example for transition line profile broadening or shifting.


[image: ../../_images/environments.png]





Environment



Each Environment element may be used to describe a mixture of gases in thermodynamical equilibrium,
characterized by the temperature, total pressure and composition.


[image: ../../_images/environment.png]
Extending PrimaryType, environment has following attributes and child elements defned:



		mandatory envID attribute of type EnvironmentIDType


		optional Temperature element of type DataType


		optional TotalPressure element of type DataType


		optional TotalNumberDensity element of type DataType


		optional Composition element of type CompositionType,
defined as a list, containing at least one of the Species elements.





[image: ../../_images/composition_species.png]
Each of the Species elements may be defined by either name attribute, containing arbitrary name,
or speciesRef attribute pointing to a complete description of a component in the Species branch
of XSAMS.


For each of the Species one of PartialPressure, MoleFraction or Concentration elements,
each of the DataType, must be defined.
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XSAMS structure



Atomic, Molecular, Particle and Surface Interaction Data XML Schema Structure



The XSAMS schema provides a framework for a structured presentation of AMPSI
data in an XML file. It is based on the physical representation of interaction
between various objects through description of the physical states and
interaction characteristics. Therefore, XSAMS provides rules for presentation
of



		states of atoms, molecules, solids (surfaces) and some elementary particles,


		characteristics of interaction between physical objects,


		sources of the data.












XSAMSData



[image: XSAMSData root element]
An XSAMSData element is defined by the type XSAMSDataType which in turn
may consist of following optional elements:



		Environments of type EnvironmentsType that keeps data relevant to description of processes environments,


		Species of type SpeciesType which may include sub-elements
Species.Atoms, Species.Molecules, Species.Particles, Species.Solids.


		Processes of type ProcessesType for state-to-state transitions and interaction processes data,
with Processes.Radiative, Processes.NonRadiative, Processes.Collisions optional elements.


		Sources of type SourcesType for data origin description,


		Methods of type MethodsType that may contain descriptions of data production methods.


		Functions of type FunctionsType to keep information on functions used in different parts of schema


		Comments for arbitrary description of an XSAMS document.









Example XML instance follows. It has empty Processes and States branches, but is still a valid XSAMS document instance.


Contrary to IAEA version of XSAMS, VAMDC-XSAMS has a namespace URL defined, http://vamdc.org/xml/xsams/0.2


<?xml version="1.0" encoding="UTF-8"?>
<XSAMSData xmlns="http://vamdc.org/xml/xsams/0.2"
        xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
        xsi:schemaLocation="http://vamdc.org/xml/xsams/0.2 xsams.xsd">
        <Species></Species>
        <Processes></Processes>
        <Sources>
                <Source sourceID="BSRC1">
                        <Category>journal</Category>
                        <SourceName>JnlName</SourceName>
                        <Year>2011</Year>
                        <Authors>
                                <Author>
                                        <Name>Smith J.</Name>
                                </Author>
                        </Authors>
                </Source>
        </Sources>
        <Methods>
                <Method methodID="MEX1">
                        <Category>experiment</Category>
                        <Description>High-precision measurements</Description>
                </Method>
        </Methods>
</XSAMSData>
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List of Atomic Elements



Introduction



List of Elements extracted from the IUAPAC Commission on
Atomic Weights and Isotopic Abundances. (http://www.chem.qmul.ac.uk/iupac/).
The  atomic weights (called as well Atomic Mass) have been removed from the
original table  as they correspond to the average mass
of the atoms of an element. This is a weighted average of the naturally-occurring
isotopes and this is not relevant for astrophysical applications.


The quantities described in this table are:



		the atomic number Z, corresponding to
the number of protons found in the nucleus of an atom. The atomic number
uniquely identifies a chemical element.


		the symbol


		the name


		the isotopic masses for light atomic species


		nuclear spins for light atomic species












Isotopic atomic species


Note that isotopic atomic species of a given element is uniquely
identified by the mass number A, also called atomic mass number,
which is the number of nucleons (protons and neutrons) in an atomic nucleus.
The full isotope symbol would also have the atomic number Z as a subscript
to the left of the element symbol directly below the mass number:
[image: {}_{6}^{12}\mathrm{C}].


For the special case of Hydrogen, isotopic atomic species have specific
symbols and names:



		1 neutron and 1 proton: Symbol=’D’ and Name=’Deuterium’


		2 neutrons and 1 proton: Symbol=’T’ and Name=’Tritium’








List of Elements in Atomic Number Order


The names and symbols for elements 112-118 are under review.
The temporary system [IUPACAt] recommended
by J Chatt, Pure Appl. Chem., 51, 381-384 (1979) is used above.


The names of elements 101-109 were agreed in 1997 (see Pure Appl. Chem., 69, 2471-2473, 1997), for element
110 in 2003 (see Pure Appl. Chem., 75, 1613-1615, 2003) and for element 111 in 2004
(see Pure Appl. Chem., 76, 2101-2103, 2004).











		Atomic Number
		Symbol
		Name
		Atomic Mass Number
		Nuclear Spin





		1
		H
		Hydrogen
		1
		0.5



		
		D
		Deuterium
		2
		1



		
		T
		Tritium
		3
		0.5



		2
		He
		Helium
		4
		0



		
		 
		 
		3
		0.5



		3
		Li
		Lithium
		7
		1.5



		
		 
		 
		6
		1



		4
		Be
		Beryllium
		9
		1.5



		5
		B
		Boron
		11
		1.5



		
		 
		 
		10
		3



		6
		C
		Carbon
		12
		0



		
		 
		 
		13
		0.5



		7
		N
		Nitrogen
		14
		1



		
		 
		 
		15
		0.5



		8
		O
		Oxygen
		16
		0



		
		 
		 
		17
		2.5



		
		 
		 
		18
		0



		9
		F
		Fluorine
		19
		0.5



		10
		Ne
		Neon
		20
		0



		
		 
		 
		21
		1.5



		
		 
		 
		22
		0



		11
		Na
		Sodium
		23
		1.5



		12
		Mg
		Magnesium
		24
		0



		
		 
		 
		25
		2.5



		
		 
		 
		26
		0



		13
		Al
		Aluminium
		27
		2.5



		14
		Si
		Silicon
		28
		0



		
		 
		 
		29
		0.5



		
		 
		 
		30
		0



		15
		P
		Phosphorus
		31
		0.5



		16
		S
		Sulfur
		32
		0



		
		 
		 
		33
		1.5



		
		 
		 
		34
		0



		17
		Cl
		Chlorine
		35
		1.5



		
		 
		 
		37
		1.5



		18
		Ar
		Argon
		40
		0



		
		 
		 
		36
		0



		
		 
		 
		38
		0



		19
		K
		Potassium
		39
		1.5



		
		 
		 
		40
		4



		
		 
		 
		41
		1.5



		20
		Ca
		Calcium
		40
		0



		
		 
		 
		42
		0



		
		 
		 
		43
		3.5



		
		 
		 
		44
		0



		
		 
		 
		46
		0



		
		 
		 
		48
		0



		21
		Sc
		Scandium
		45
		3.5



		22
		Ti
		Titanium
		46
		0



		
		 
		 
		47
		2.5



		
		 
		 
		48
		0



		
		 
		 
		49
		3.5



		
		 
		 
		50
		0



		23
		V
		Vanadium
		51
		3.5



		
		 
		 
		50
		6



		24
		Cr
		Chromium
		52
		0



		
		 
		 
		50
		0



		
		 
		 
		53
		1.5



		
		 
		 
		54
		0.5



		25
		Mn
		Manganese
		55
		2.5



		26
		Fe
		Iron
		56
		0



		
		 
		 
		54
		0



		
		 
		 
		57
		0.5



		
		 
		 
		58
		0



		27
		Co
		Cobalt
		59
		3.5



		28
		Ni
		Nickel
		58
		0



		29
		Cu
		Copper
		63
		1.5



		30
		Zn
		Zinc
		64
		0



		31
		Ga
		Gallium
		69
		1.5



		32
		Ge
		Germanium
		74
		0



		33
		As
		Arsenic
		75
		1.5



		34
		Se
		Selenium
		80
		0



		35
		Br
		Bromine
		79
		1.5



		
		 
		 
		81
		1.5



		36
		Kr
		Krypton
		84
		0



		37
		Rb
		Rubidium
		85
		2.5



		
		 
		 
		87
		1.5



		38
		Sr
		Strontium
		88
		0



		39
		Y
		Yttrium
		89
		0.5



		40
		Zr
		Zirconium
		90
		0



		41
		Nb
		Niobium
		93
		4.5



		42
		Mo
		Molybdenum
		98
		0



		
		 
		 
		92
		0



		
		 
		 
		94
		0



		
		 
		 
		95
		2.5



		
		 
		 
		96
		0



		
		 
		 
		100
		0



		43
		Tc
		Technetium
		99
		2.5



		44
		Ru
		Ruthenium
		102
		0



		
		 
		 
		99
		2.5



		
		 
		 
		100
		0



		
		 
		 
		101
		2.5



		
		 
		 
		104
		0



		45
		Rh
		Rhodium
		103
		0.5



		46
		Pd
		Palladium
		106
		0



		
		 
		 
		104
		0



		
		 
		 
		105
		2.5



		
		 
		 
		108
		0



		47
		Ag
		Silver
		107
		0.5



		
		 
		 
		109
		0.5



		48
		Cd
		Cadmium
		114
		0



		
		 
		 
		110
		0



		
		 
		 
		111
		0.5



		
		 
		 
		112
		0



		
		 
		 
		113
		0.5



		
		 
		 
		116
		0



		49
		In
		Indium
		115
		4.5



		
		 
		 
		113
		4.5



		50
		Sn
		Tin
		120
		0



		51
		Sb
		Antimony
		121
		2.5



		
		 
		 
		123
		3.5



		52
		Te
		Tellurium
		130
		0



		53
		I
		Iodine
		127
		2.5



		54
		Xe
		Xenon
		132
		0



		
		 
		 
		129
		0.5



		
		 
		 
		131
		1.5



		55
		Cs
		Caesium
		133
		3.5



		56
		Ba
		Barium
		138
		0



		57
		La
		Lanthanum
		139
		3.5



		58
		Ce
		Cerium
		140
		0



		59
		Pr
		Praseodymium
		141
		2.5



		60
		Nd
		Neodymium
		142
		0



		
		 
		 
		143
		3.5



		
		 
		 
		144
		0



		
		 
		 
		145
		3.5



		
		 
		 
		146
		0



		61
		Pm
		Promethium
		 
		 



		62
		Sm
		Samarium
		144
		0



		
		 
		 
		150
		0



		
		 
		 
		152
		0



		
		 
		 
		154
		0



		63
		Eu
		Europium
		151
		2.5



		
		 
		 
		153
		2.5



		64
		Gd
		Gadolinium
		154
		0



		
		 
		 
		155
		1.5



		
		 
		 
		156
		0



		
		 
		 
		157
		0



		
		 
		 
		158
		0



		
		 
		 
		160
		0



		65
		Tb
		Terbium
		159
		1.5



		66
		Dy
		Dysprosium
		156
		0



		
		 
		 
		158
		0



		
		 
		 
		160
		0



		
		 
		 
		161
		2.5



		
		 
		 
		162
		0



		
		 
		 
		163
		2.5



		
		 
		 
		164
		0



		67
		Ho
		Holmium
		165
		3.5



		68
		Er
		Erbium
		162
		0



		
		 
		 
		164
		0



		
		 
		 
		166
		0



		
		 
		 
		167
		3.5



		
		 
		 
		168
		0



		
		 
		 
		170
		0



		69
		Tm
		Thulium
		169
		0.5



		70
		Yb
		Ytterbium
		168
		0



		
		 
		 
		170
		0



		
		 
		 
		171
		0.5



		
		 
		 
		172
		0



		
		 
		 
		173
		2.5



		
		 
		 
		174
		0



		
		 
		 
		176
		0



		71
		Lu
		Lutetium
		175
		3.5



		72
		Hf
		Hafnium
		176
		0



		
		 
		 
		177
		3.5



		
		 
		 
		178
		0



		
		 
		 
		179
		4.5



		
		 
		 
		180
		0



		73
		Ta
		Tantalum
		181
		3.5



		74
		W
		Tungsten
		180
		0



		
		 
		 
		182
		0



		
		 
		 
		184
		0



		
		 
		 
		186
		0



		75
		Re
		Rhenium
		185
		2.5



		76
		Os
		Osmium
		187
		0.5



		
		 
		 
		188
		0



		
		 
		 
		189
		1.5



		
		 
		 
		190
		0



		
		 
		 
		192
		0



		77
		Ir
		Iridium
		191
		1.5



		
		 
		 
		193
		1.5



		78
		Pt
		Platinum
		192
		0



		
		 
		 
		194
		0



		
		 
		 
		195
		0.5



		
		 
		 
		196
		0



		
		 
		 
		198
		0



		79
		Au
		Gold
		197
		1.5



		80
		Hg
		Mercury
		196
		0



		
		 
		 
		198
		0



		
		 
		 
		199
		0.5



		
		 
		 
		200
		0



		
		 
		 
		201
		1.5



		
		 
		 
		202
		0



		
		 
		 
		204
		0



		81
		Tl
		Thallium
		203
		0.5



		
		 
		 
		205
		0.5



		82
		Pb
		Lead
		206
		0



		
		 
		 
		207
		0.5



		
		 
		 
		208
		0



		83
		Bi
		Bismuth
		209
		4.5



		84
		Po
		Polonium
		 
		 



		85
		At
		Astatine
		 
		 



		86
		Rn
		Radon
		 
		 



		87
		Fr
		Francium
		 
		 



		88
		Ra
		Radium
		 
		 



		89
		Ac
		Actinium
		 
		 



		90
		Th
		Thorium
		232
		0



		91
		Pa
		Protactinium
		 
		 



		92
		U
		Uranium
		235
		3.5



		
		 
		 
		238
		0



		93
		Np
		Neptunium
		 
		 



		94
		Pu
		Plutonium
		 
		 



		95
		Am
		Americium
		 
		 



		96
		Cm
		Curium
		 
		 



		97
		Bk
		Berkelium
		 
		 



		98
		Cf
		Californium
		 
		 



		99
		Es
		Einsteinium
		 
		 



		100
		Fm
		Fermium
		 
		 



		101
		Md
		Mendelevium
		 
		 



		102
		No
		Nobelium
		 
		 



		103
		Lr
		Lawrencium
		 
		 



		104
		Rf
		Rutherfordium
		 
		 



		105
		Db
		Dubnium
		 
		 



		106
		Sg
		Seaborgium
		 
		 



		107
		Bh
		Bohrium
		 
		 



		108
		Hs
		Hassium
		 
		 



		109
		Mt
		Meitnerium
		 
		 



		110
		Ds
		Darmstadtium
		 
		 



		111
		Rg
		Roentgenium
		 
		 



		112
		Cn
		Copernicium
		 
		 



		113
		Uut
		Ununtrium
		 
		 



		114
		Uuq
		Ununquadium
		 
		 



		115
		Uup
		Ununpentium
		 
		 



		116
		Uuh
		Ununhexium
		 
		 



		118
		Uuo
		Ununoctium
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Processes



[image: ../../_images/Processes.png]
Process branch of XSAMS allows the description of processes:
RadiativeTransition and NonRadiativeTransition,
AbsorptionCrossSection, Processes.Collisions


Each of the processes has some data quantities and references to
involved species and states through SpeciesRef and [Upper|Lower]StateRef
containing the same value as corresponding SpeciesID and StateID attributes.
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XSAMS Process Codes



Introduction


In order to facilitate searching and sorting XSAMS files or blocks of data
within a file, a classification scheme is defined to provide standard
definitions for the fundamental process that is being described (e.g., the
reflection of a particle from a surface or the excitation of an atomic
state).


The process codes are “fundamental” in that they do not define the reactions
to a great degree of detail that is carried out by specific elements of the
overall schema.  Rather, they provide a high level identification that can be
used to aggregate similar data or provide a simple search point.





Process Codes


The following table defines the fundamental reactant codes.  The process codes
embody a high level description and a much more complete definition of the
process that data pertain to is contained in the elements of the full schema.
Processes are split into two categories: collisions (electron and heavy
particle collisions) and particle surface interactions (PSI).  Within each
category, the codes are intended for use with any reactant.  For example, a
single process code is used to describe elastic scattering whatever is the
projectile (electron, photon, atom, ion or molecule).


This approach has been taken not only for economy but because an exhaustive
list of processes involving elementary particles, atoms, molecules, and solids
is not likely possible.  Even if it were, using it would be cumbersome in that
some non-intuitive coding would be necessary, for example, to encode inverse
bremstrahlung, sublimation of water from a dust grain, a production of an
atomic inner shell vacancy with a subsequent Coster-Kronig decay, etc.


Multiple process codes can be given in order to build more complex
descriptions from the fundamental processes, e.g., charge transfer +
ionization in ion-atom collisions could be described by the code for
ionization (liberation of an electron from the target or projectile to the
continuum) and the code for charge transfer (the transfer of an electron from
one collision partner to another). This combining of individual codes avoids
the need for a code for all possible combinations of processes that are at
least relatively common, e.g., dissociative recombination simply has the codes
for dissociation and for recombination.  Other examples of combinations of
codes are given in the final table.





Atomic and Molecular Collisions









		Code
		Name
		Description





		phem
		Photon emission
		Emission of a photon or photons from a reactant
(e.g.,. atom, molecule, surface), fluorescence



		phab
		Photon absorption
		Absorption of a photon or photons
from a reactant (e.g., atom, molecule, surface)



		phsc
		Photon scattering
		Scattering of a photon or photons by a reactant



		elas
		Elastic scattering
		Scattering of one reactant from another without
change of state or energy, including related
processes such as momentum transfer



		inel
		Inelastic scattering
		Scattering of one reactant from another with
change of state or energy. This code is provided
in case none of the other specific inelastic codes
are applicable or appropriate (e.g., energy or spin
transfer reactions, projectile energy loss)



		exci
		Excitation
		Excitation from a lower to higher state of any
fundamental reactant, e.g., electron-impact
excitation of an atom, photoexcitation of a
molecule to a higher ro-vibrational state



		deex
		De-excitation
		Induced or spontaneous transition from a higher
state to a lower state, e.g., vibrational
de-excitation in atom-diatom scattering



		ioni
		Ionization
		Removal of an electron from any reactant



		tran
		Charge transfer
		Transfer of an electron from one “center”
(atomic ion, atom, molecule, etc.) to another



		exch
		Electron exchange
		The exchange of an electron with another electron
(most commonly in electron-impact processes)



		reco
		Recombination
		Capture of an electron
by an atomic or molecular ion,
e.g., in dissociative recombination,
dielectronic recombination,
or radiative recombination



		elat
		Electron attachment
		The formation of a negative ion by electron
attachment



		eldt
		Electron detachment
		The removal of the weakly bound electron of a
negative ion by photon impact or collision with
another particle such as an electron or surface



		asso
		Association
		Association of two (or more) reactants, typically
neutrals, collisionally, or radiatively



		diss
		Dissociation
		The splitting of two (or more) reactants
e.g., via electron-impact of a molecule,
photodissociation, molecular break-up on a surface



		intr
		Interchange
		The exchange of a heavy particle (atom, ion)
in a reaction,
e.g., [image: D + H2 \rightarrow DH + H]



		chem
		Chemical reaction
		The exchange of atoms or groups of atoms
in chemical reactions,
e.g., [image: C + 2O \rightarrow CO2 + heat]










Particle Solid Interactions









		Code
		Name
		Description





		sore
		Reflection
		The elastic or inelastic reflection of a reactant from a surface



		soem
		Emission or erosion
		Any form of erosion of a surface,
e.g., physical or chemical sputtering, etching, sublimation, emission of particle or
macroscopic pieces, desorption, secondary electron emission



		sodp
		Deposition
		Absorption of particles by a surface, sticking, surface implantation



		soch
		Change
		Change of the composition or properties of a surface induced by any reactant



		sope
		Penetration
		The penetration of a reactant into a solid, characterized by the
change of energy, e.g., stopping, straggling, energy loss, range,
charge state equilibrium, or
change of  structure, e.g., trapping, diffusion, deep implantation










States class involved in process









		Code
		Name
		Description





		rota
		Rotational process
		Characterizes processes involving transition between rotational states



		vibr
		Vibrational process
		Characterizes processes involving transition between vibrational states



		rvib
		Ro-Vibrational process
		Characterizes processes involving transition between ro-vibrational states



		hype
		Hyperfine process
		Characterizes processes involving transition between hyperfine states



		hyp1
		Hyperfine 1 process
		Characterizes processes involving transition between hyperfine states
when 1 nuclear spin coupling is resolved



		hypN
		Hyperfine N process
		Characterizes processes involving transition between hyperfine states
when N nuclear spin couplings is resolved (here N is a digit in range 1-9)



		fine
		Fine process
		Characterizes processes involving transition between fine states



		tors
		Torsional process
		Characterizes processes involving transition between torsional states



		rtor
		Ro-Torsional process
		Characterizes processes involving transition between ro-torsional states










Combination of Processes


The following table gives examples of the use of the fundamental process codes to describe
more complex but still common processes.
Some simply fall within the broad scope of one of the fundamental codes and others can be
described by use of multiple codes.









		Common Name
		Codes
		Description





		Penning ionization
		asso + ioni
		Association of atoms with ionization



		Transfer ionization
		tran + ioni
		Charge transfer between and ion and an atom,
for example, with ionization



		Transfer excitation
		tran + exec
		Charge transfer with excitation



		Stripping
		ioni
		Ionization of the projectile in a collision of an ion or atom
with an atom, molecule, or solid



		Dissociative recombination
		diss + reco
		 



		Dielectronic  recombination
		reco
		 



		Auger ionization
		exci + ioni
		 



		Spin-flip
		inel
		 



		photoionization
		ioni
		 



		Three-body recombination
		reco
		 



		Superelastic scattering
		inel
		 



		Surface catalysis
		sure + chem
		 



		Stark shift
		 
		 



		Line broadening
		 
		 



		Bremsstrahlung
		 
		 



		Compton scattering
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Species.Atoms


This section describes static properties of atoms and
atomic ions such as state energy, total angular momentum, composition of
the wave function with mixing coefficients, etc.



Atoms



The element Atoms of type AtomsType is a container for one or more Atom
elements of type AtomType.


[image: ../../_images/Atoms.png]







Atom



AtomType is an extension of PrimaryType, additionally containing



		mandatory element ChemicalElement of type ChemicalElementType


		one or more Isotope elements of type IsotopeType.





[image: ../../_images/Atom.png]







Isotope



Isotope element of IsotopeType defines a sequence containing



		optional IsotopeParameters element of type IsotopeParametersType,


		one or more Ion elements of type AtomicIonType,


		optional Comments element of type xs:string.





[image: ../../_images/Isotope.png]







IsotopeParameters



IsotopeParameters element, having type IsotopeParametersType,  is an extension of PrimaryType,
defining additionally:



		mandatory integer element MassNumber that is the total number of nucleons (protons plus neutrons).


		optional element Mass of type DataType


		optional element NuclearSpin of type AngularMomentumType.





[image: ../../_images/IsotopeParameters.png]







Ion



Ion element, with type AtomicIonType, is an extension of PrimaryType,
defining additionally:



		mandatory speciesID attribute for referencing this atom from processes or environments


		mandatory IonCharge integer element


		optional IsoelectronicSequence element of type ElementSymbolType


		none or one or more AtomicState elements of type AtomicStateType


		optional InChI element to keep [INCHI] identifier for atom


		mandatory InChIKey element for [INCHIKey] of this ion.
InChIKey element is mandatory since it is a fast and reliable way to see if we are talking
about the same element, when comparing data originating from different sources.





[image: ../../_images/AtomicIon.png]







AtomicState



[image: ../../_images/AtomicState.png]
AtomicState element of type AtomicStateType, again extending PrimaryType, holds
all information about specific atomic states and defines following attributes and elements:



		mandatory stateID attribute of type StateIDType that is used to refer to this specific
state from processes branch,


		optional string Description element that may contain short description or some label of state,


		optional AtomicNumericalData element of type AtomicNumericalDataType that
may contain numerical information about state,


		optional AtomicQuantumNumbers element of type AtomicQuantumNumbersType
that has elements for atomic quantum numbers describing the state,


		optional AtomicComposition element of type AtomicCompositionType that may contain
wavefunction expansion in a specific basis.





An atomic state is the superposition of the quantum state for each electron in the atom.
The quantum numbers for individual electron, or for groups of equivalent electrons, are written
in the Component elements within the AtomicComposition element.
Quantum numbers describing the atomic state as a whole are written in the AtomicQuantumNumbers element.


To identify a state fully by its quantum numbers we need the electronic configuration,
the coupling term for spin-orbit interactions,  the total angular momentum,
the overall parity and the magnetic quantum number.
The configuration and coupling term are part of the AtomicComposition; the total angular momentum,
magnetic quantum number and the parity are part of the AtomicQuantumNumbers.









AtomicNumericalData



AtomicNumericalData element, extension of the PrimaryType that may contain the
following optional elements:



		StateEnergy (above the ion ground state)


		IonizationEnergy,


		LandeFactor,


		QuantumDefect,


		LifeTime of LifeTimeType,


		Polarizability,


		StatisticalWeight,


		HyperfineConstantA,


		HyperfineConstantB.





Most of these elements are of type DataType.
State lifetime has an optional attribute, describing the decay mechanism.
The statistical weight of a free atom/ion is an integer, however, in a plasma
it can become non-integer and therefore here StatisticalWeight is
assumed to be a real number.


[image: ../../_images/AtomicNumericalData.png]







AtomicQuantumNumbers



Represents quantum numbers of an atomic state. Following elements are defined:



		Parity of type ParityType,


		TotalAngularMomentum,


		Kappa relativistic parameter,


		and HyperfineMomentum of AngularMomentumType


		MagneticQuantumNumber of type AngularMomentumProjectionType.





[image: ../../_images/AtomicQuantumNumbers.png]







AtomicComposition



Extension of the PrimaryType. Contains components of the atomic
wavefunction in a specific basis. Each Component element is of type
AtomicComponentType.


[image: ../../_images/AtomicComposition.png]







AtomicComponent



Describes individual components of the atomic wavefunction in a specific
basis. May contain  elements:



		SuperConfiguration of SuperconfigurationType,


		Configuration of ConfigurationType,


		Term of type TermType,


		MixingCoefficient of MixingCoefficientType
MixingCoefficientType is an extension of XML type double with the mandatory attribute
mixingClass, that indicates the nature of the mixing coefficients in the expansion of a
wave function in a specific basis. Allowed values of mixingClass attribute are:
- squared
- signed


		Comments string element





[image: ../../_images/AtomicComponentType.png]





SuperConfiguration



Contains one or more Supershell elements (type SupershellType),
that is, electron distribution over atomic supershells.


[image: ../../_images/SuperShell.png]
Each SuperShell element describes how many electrons populate a specific
supershell characterized by a positive-integer principal quantum number n.
The element NumberOfElectrons of type xs:double can be non-integer to take into
account possible plasma effects.


The element PrincipalQuantumNumber is of type xs:positiveinteger.









Configuration



[image: ../../_images/AtomicConfiguration.png]
Describes how electrons are distributed over nl shells. May contain:



		optional AtomicCore element (type AtomicCoreType),
that is used to compactly represent the atomic core. For instance, one may prefer to
use notation [Ne]3d to describe the excited configuration [image: 1s^22s^22p^63d]
in a Na-like ion. In this case, it would be sufficient to
only indicate the ElementCore element, which will be Ne.


		optional Shells (type ShellsType) that contains list of electronic shells or shell pairs


		string ConfigurationLabel, that is used to represent configuration in a
condensed form, if necessary. For instance, one may prefer to make use of a
short configuration label 2s2.2p instead of providing details of shell
populations etc.










AtomicCore



[image: ../../_images/AtomicCore.png]







Shells



[image: ../../_images/AtomicShells.png]
The shells in a configuration can be represented both individually and in terms of shell pairs.
ShellPair describe a coupled pair of atomic shells. In addition to descriptors
for each of the shells, it contains the mandatory attribute
shellPairID to be referenced in a document.













Specific XML Types



Here, XML types, specific to Species.Atoms branch of XSAMS are described




ShellType



[image: ../../_images/AtomicShell.png]
As an atomic shell is typically represented as [image: nl^w]
, all three parameters:



		PrincipalQuantumNumber n,


		OrbitalAngularMomentum l, and


		NumberOfElectrons w are mandatory.
NumberOfElectrons may be a non-integer decimal number in order to reflect plasma effects.





Other optional parameters include
*       Parity element (type ParityType),
*       TotalAngularMomentum element (type AngularMomentumType)
*       [image: \kappa] relativistic parameter (element Kappa of type AngularMomentumType),
*       ShellTerm element (type TermType)
*       optional attribute shellID (type xs:ID).









TermType



Currently an atomic term can be represented in five coupling
schemes, i.e., [image: LS], [image: jj], [image: J_1J_2], [image: jK], and [image: LK]. For a detailed
description of these and other schemes see, e.g., Atomic Spectroscopy at
http://physics.nist.gov/Pubs/AtSpec/index.html


[image: ../../_images/TermType.png]
For each coupling, a separate XML type is defined:



		LSCouplingType
Describes LS-coupling in an atomic term in terms of total angular orbital
momentum L (type OrbitalAngularMomentumType) and total spin S (type
AngularMomentumType). Optional element Multiplicity is defined as
[image: 2S+1] and therefore always is a positive integer.
Optional element Seniority is a non-negative integer with an optional attribute soureceRef.


[image: ../../_images/TermCouplingLS.png]



		jjCouplingType
Describes jj-coupling in an atomic term as two or more j-values (each of
AngularMomentumType).


[image: ../../_images/TermCouplingJJ.png]



		J1J2CouplingType
Describes [image: J_1J_2]-coupling in an atomic term as two or more j-values (each
of AngularMomentumType). Similar to the jj-coupling.





		jKCouplingType
Describes jK-coupling in an atomic term typical in, e.g., noble-gas-like ions.
The K quantum number is mandatory, while the core momentum j
and the spin of outer electron(s) S2 are optional; each of them is of AngularMomentumType.


[image: ../../_images/TermCouplingJK.png]



		LKCouplingType
Describes LK - coupling (or [image: LS_1]) in an atomic term in terms of atomic core
angular momentum L and its sum with the total spin of the
core: [image: \overrightarrow{K} = \overrightarrow{L}+\overrightarrow{S_1}].
The spin of outer electron(s) S2 is an optional element of type AngularMomentumType.


[image: ../../_images/TermCouplingLK.png]



		TermLabel
This string element is used to represent an atomic term in a condensed form, if necessary.
For instance, one may prefer to make use of a term label 3P instead of separately indicating
the term S and L values.















OrbitalAngularMomentumType



Represents an orbital angular momentum as a mandatory non-negative integer
Value and an optional lower-case letter Symbol (example: p).


[image: ../../_images/OrbitalAngularMomentumType.png]









Example XML instances



Example instances of Species.Atoms branch subtrees:




Vald Fe example


Example from VALD database for [image: \mathrm{Fe}^{2+}], with two states present:


<Atom>
  <ChemicalElement>
    <NuclearCharge>26</NuclearCharge>
    <ElementSymbol>Fe</ElementSymbol>
  </ChemicalElement>
  <Isotope>
    <IsotopeParameters>
      <MassNumber>56</MassNumber>
    </IsotopeParameters>
    <Ion speciesID="Xvald-328">
      <IonCharge>2</IonCharge>
      <AtomicState stateID="Svald-7776">
        <AtomicNumericalData>
          <StateEnergy>
            <SourceRef>Bvald-K10</SourceRef>
            <SourceRef>Bvald-K10M</SourceRef>
            <SourceRef>Bvald-K10Q</SourceRef>
            <Value units="1/cm">201170.1000</Value>
          </StateEnergy>
        </AtomicNumericalData>
        <AtomicQuantumNumbers>
          <TotalAngularMomentum>2.0</TotalAngularMomentum>
        </AtomicQuantumNumbers>
        <AtomicComposition>
          <Component>
            <Term>
              <LS>
                <L>
                  <Value>2.0</Value>
                </L>
                <S>1.0</S>
              </LS>
            </Term>
          </Component>
        </AtomicComposition>
      </AtomicState>
      <AtomicState stateID="Svald-7788">
        <AtomicNumericalData>
          <StateEnergy>
            <SourceRef>Bvald-K10</SourceRef>
            <SourceRef>Bvald-K10M</SourceRef>
            <SourceRef>Bvald-K10Q</SourceRef>
            <Value units="1/cm">105895.3500</Value>
          </StateEnergy>
          <LandeFactor>
            <SourceRef>Bvald-K10</SourceRef>
            <SourceRef>Bvald-K10M</SourceRef>
            <SourceRef>Bvald-K10Q</SourceRef>
            <Value units="unitless">0.50</Value>
          </LandeFactor>
        </AtomicNumericalData>
        <AtomicQuantumNumbers>
          <TotalAngularMomentum>2.0</TotalAngularMomentum>
        </AtomicQuantumNumbers>
        <AtomicComposition>
          <Component>
            <Term>
              <LS>
                <L>
                  <Value>1.0</Value>
                </L>
                <S>1.0</S>
              </LS>
            </Term>
          </Component>
        </AtomicComposition>
      </AtomicState>
      <InChI>InChI=1S/Fe/q+2/</InChI>
      <InChIKey>CWYNVVGOOAEACU-IGMARMGPSA-N</InChIKey>
    </Ion>
  </Isotope>
</Atom>









Chianti example


In the following example, the quantum description is sufficient to identify the energy level
but not the states within each level; the magnetic quantum-number is not given.
I.e. the description ignores the Zeeman splitting of energy levels in a magnetic field.


The electronic configuration is specified as an iso-electronic core and a shell of valence electrons.
The core, [Ne] in this case, contains electrons whose quantum numbers match those in a Neon atom in its
ground state. The core consists entirely of full shells and hence its equivalent atom is one of the noble
gases. The valence shell is denoted by a list of Shell elements, each one describing a sub-shell
or equivalent electrons.


The spin-orbit coupling is given in the Russell-Saunders (LS) scheme, by a Term element. The coupling
is described for the entire state by a single term, so the state is considered to have a single Component.


The parity of the state is not given explicitly, but is can be determined from the
orbital angular moment of the electrons in the valence shell.
In the state shown, the sum of these momenta is an odd number so the parity is odd.


From the given mark-up, the state can be identified and matched as  [Ne] [image: 3s^{1} 3p^{1} 3P^{o}_{0.0}]


<Atom>
  <ChemicalElement>
    <NuclearCharge>22</NuclearCharge>
    <ElementSymbol>Ti</ElementSymbol>
  </ChemicalElement>
  <Isotope>
    <Ion speciesID="Xchianti-10022">
      <IonCharge>10</IonCharge>
      <AtomicState stateID="Schianti-2010022">
        <Description>3s 3p</Description>
        <AtomicNumericalData>
          <StateEnergy methodRef="Mchianti-EXP">
            <Value units="1/cm">173200.0</Value>
          </StateEnergy>
        </AtomicNumericalData>
        <AtomicQuantumNumbers>
          <TotalAngularMomentum>0.0</TotalAngularMomentum>
        </AtomicQuantumNumbers>
        <AtomicComposition>
          <Component>
            <Configuration>
              <AtomicCore>
                <ElementCore>Ne</ElementCore>
                <Term/>
              </AtomicCore>
              <Shells>
                <Shell>
                  <PrincipalQuantumNumber>3</PrincipalQuantumNumber>
                  <OrbitalAngularMomentum>
                    <Value>0</Value>
                  </OrbitalAngularMomentum>
                  <NumberOfElectrons>1</NumberOfElectrons>
                  <ShellTerm/>
                </Shell>
                <Shell>
                  <PrincipalQuantumNumber>3</PrincipalQuantumNumber>
                  <OrbitalAngularMomentum>
                    <Value>1</Value>
                  </OrbitalAngularMomentum>
                  <NumberOfElectrons>1</NumberOfElectrons>
                  <ShellTerm/>
                </Shell>
              </Shells>
            </Configuration>
            <Term>
              <LS>
                <L>
                  <Value>1</Value>
                </L>
                <S>1.0</S>
              </LS>
            </Term>
          </Component>
        </AtomicComposition>
      </AtomicState>
      …
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Sources


The Sources part of XSAMS describes the sources of data, i.e., journal
articles, books, proceedings, personal communications, etc. The data sources
described here are then referred to in other parts of an XML document by their
references (see below).



Sources



[image: ../../_images/Sources.png]
The element Sources of type SourcesType is a container for one or
more Source elements each of type SourceType.









Source



[image: ../../_images/Source.png]
Source element describes a data source, bibliography item
or any other reference relevant to the data element.


It has the following attributes and child elements:



		Mandatory sourceID attribute, of type SourceIDType.
This attribute assigns a unique ID to each data source. Must begin with the upper-case letter B
followed by one or more characters. The sourceID is then referred to with the help of
element SourceRef of the PrimaryType.





		Mandatory Category element, defined by SourceCategoryType, that may take one of the following values:



		book


		database


		journal


		preprint


		private communication


		proceedings


		report


		thesis


		vamdc node








		Mandatory SourceName element.
It’s value should be a string containing the name of a journal, proceedings, book, etc.
Examples: Physical Review A, PhysRevA, PRA, Proceedings
of the 10th Conference on something.





		Mandatory Year element of type xs:gYear.
Examples: 2009





		Mandatory Authors element, containing unordered list of Author elements,
each of type AuthorType.


[image: ../../_images/AuthorType.png]
AuthorType contains:



		mandatory Name element that should contain author’s name, in form of a string.


		optional Address element, that may contain author’s e-mail or institutional address.








		Optional Title element.





		Optional Volume element for journal volume.





		Optional DigitalObjectIdentifier [DOI] element.





		Optional ArticleNumber element, containing a journal-specific article identifier





		Optional PageBegin element for initial page of article.





		Optional PageEnd element for final page.





		Optional UniformResourceIdentifier element of type xs:anyURI
that may contain reference to on-line copy of article, database access URI,
or any other relevant URI.





		Optional Publisher element.





		Optional City element.





		Optional Editors element that may contain a list of Name elements.


[image: ../../_images/EditorsType.png]



		Optional ProductionDate element of type xs:date,





		Optional Version element





		Optional Comments element





		Optional BibTeX element for the BibTeX representation of this reference. That element
may be useful if you already have data in BibTeX format in your database and wish to export
some fields that can’t be represented in XSAMS.
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Species.Particles



Describes a number of elementary particles, if such a description is essential for a particular
process. An example can be provided by photoionization.




Particle



[image: ../../_images/Particles.png]
If a particle is needed in some of the processes,
then it must have a speciesID (SpeciesIDType) identifier to enable referencing it.
The attribute name of the type is mandatory.
It is defined as a restriction of String, that may take following values:



		photon


		electron


		muon


		positron


		neutron


		alpha


		cosmic





Name cosmic may be used for collisions with cosmic ray particles, where the nature of a particle is not
important, but what matters is it’s energy.


Other particle names may be added in future versions, based on schema users requests.


ParticleProperties XML element may contain some static properties of the particle:


[image: ../../_images/ParticleProperties.png]

		ParticleCharge integer element,


		ParticleMass element of DataType,


		ParticleSpin (type AngularMomentumType), and


		ParticlePolarization element (type AngularMomentumProjectionType).
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IAEA DCN codes



Structure and Spectra








		CODE
		SUBCATEGORY





		SGN
		General



		SLS
		Line Broadening, Shapes and Shifts



		SIA
		Interatomic Potentials



		SPM
		Polarizabilities, Electric Moments



		SEW
		Energy Levels and Wavelengths



		STP
		Transition Probabilities and Oscillator Strengths



		SSM
		Potential Curves and Structure of Molecules



		SDP
		Dynamic Polarizability



		SIR
		Infrared Spectra



		SVS
		Visible Spectra



		SUV
		UV/VUV/XUV Spectra



		SXR
		X-Ray Spectra



		SRS
		Rotational Spectra



		SVB
		Vibrational Spectra



		SAI
		Autoionization



		SAD
		Autodetachment



		SDS
		Autodissociation



		SMM
		Magnetic Moments



		SHF
		Hyperfine Structure



		SIE
		Isoelectronic Sequences



		SFT
		Forbidden Transitions



		SQE
		QED Effects



		SRP
		Relaxation Processes



		SIP
		Ionization Potentials



		SRY
		Rydberg States










Electron-Heavy-Particle Interactions









		CODE
		SUBCATEGORY
		PROCESS





		EGN
		General
		 



		EAS
		Angular Scattering
		 



		EBS
		Bremsstrahlung
		[image: e+A \rightarrow e+A+h\nu]



		EDX
		Deexcitation
		[image: e+A^* \rightarrow e+A]



		EEL
		Elastic Scattering
		[image: e+A \rightarrow e+A]



		ELB
		Line Broadening,
Shapes and Shifts
		 



		ETS
		Total Scattering
		 



		EDT
		Detachment
		[image: e+A^- \rightarrow A+2e]



		EFL
		Fluorescence
		 



		EEX
		Excitation
		[image: e+A \rightarrow e+A^*]



		EEX
		Change of Excitation
		 



		EIN
		Ionization
		[image: e+A \rightarrow e+A^++e]



		EMI
		Multiple Ionization
		[image: e+A \rightarrow A^{+n}+(n+1)e]



		ENI
		Negative Ion Formation
		[image: e+A \rightarrow A^-]



		EMT
		Momentum Transfer
		 



		EMT
		Transport CS’s
(momentum,...)
		 



		EUP
		Unknown Products
		 



		EDP
		Depolarization,
Change of Polarization
		 



		EIP
		Creation of an ion pair
(positive-negative)
		[image: e+AB^+ \rightarrow A^-+B^-]



		ERC
		Recombination (general)
		[image: A^{+q}+e \rightarrow A^{+(q-1)}]



		ERR
		Radiative Recombination
		[image: e+A^+ \rightarrow A+h\nu]



		ERD
		Dielectronic Recombination
		[image: e+A^+ \rightarrow A^{**} \rightarrow A^*+h\nu+e]



		ERT
		3-body Recombination
		[image: e+e+A^+ \rightarrow A+e]



		ERO
		e-i-o Recombination
		[image: e+A^++B \rightarrow A+B]



		EDC
		Dielectronic Capture
		[image: e+A^+ \rightarrow A^{**}]



		EDS
		Dissociation
		[image: e+AB \rightarrow e+A+B]



		EDR
		Dissociative Recombination
		[image: e+AB^+ \rightarrow A+B]



		EDA
		Dissociative Attachment
		[image: e+AB \rightarrow A+B^-]



		EDE
		Dissociative Excitation
		[image: e+AB \rightarrow A^*+B+e]



		EDI
		Dissociative Ionization
		[image: e+AB \rightarrow A^++B+2e]










Photon-Particle and Field-Particle Interactions









		CODE
		SUBCATEGORY
		PROCESS





		PGN
		General
		 



		PTS
		Total Absorption, Scattering
		 



		PDS
		Photodissociation
		[image: h\nu+AB \rightarrow A+B]



		PES
		Elastic Scattering
		[image: h\nu+A \rightarrow h\rightarrow+A]



		PMA
		Multiphoton Absorption
(excitation and ionization)
		[image: nh\nu+A \rightarrow A^*(A^+)]



		PDT
		Photodetachment
		[image: A+B \rightarrow AB+h\nu]



		PFL
		Fluorescence
		 



		PEX
		Photoexcitation
		[image: h\nu+A \rightarrow A^*]



		PIN
		Photoionization
		[image: h\nu+A \rightarrow A^++e]



		PFF
		Free-Free Absorption or
Inverse Bremsstrahlung
		[image: h\nu+e+A \rightarrow e+A]



		PEA
		Effective Absorption,
Total Diffusion
		 



		PTA
		True Absorption
		 



		PAD
		Angular Diffusion
(scattering)
		 



		PED
		Elastic Diffusion
(Thomson, Rayleigh)
		 



		PNL
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		General Electromagnetic
Field
		 



		PTF
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		HLB
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		HDS
		Dissociation
		[image: A+BC \rightarrow A+B+C]



		HDX
		Deexcitation
		[image: A^*+B \rightarrow A+B]



		HES
		Elastic Scattering
		[image: A+B \rightarrow A+B]



		HCX
		Charge Transfer
		[image: A^++B \rightarrow A+B^+,A^-+B \rightarrow A+B^-]



		HUP
		Unknown Products
		 



		HAS
		Angular Scattering
		 



		HIR
		Interchange Reactions
		[image: A+BC \rightarrow AB+C]



		HEL
		Inelastic Energy Losses
		 



		HET
		Energy Transfer
		 



		HIP
		Interaction Potentials
		 



		HRC
		Recombination
		 



		HTS
		Total Scattering
		 



		HDT
		Detachment
		[image: A+B^- \rightarrow A+B+e]



		HFL
		Fluorescence
		 



		HEX
		Excitation
		[image: A+B \rightarrow A^*+B]



		HIN
		Ionization
		[image: A+B \rightarrow A+B^++e]



		HPN
		Penning Ionization
		[image: A^*+B \rightarrow A+B^++e]



		HST
		Stripping (of projectile)
		[image: A+B \rightarrow A^++B+e]



		HAT
		Attenuation
		 



		HXT
		Excitation Transfer
		[image: A^*+B \rightarrow A+B*]



		HAI
		Associative Interchange
Reactions
		 



		HDI
		Dissociative Interchange
Reactions
		 



		HDC
		Dissociative Charge Transfer
		[image: A^++BC \rightarrow A+B^++C]



		HMN
		Mutual Ion-Ion Neutralization
		[image: A^++B^- \rightarrow A+B]
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		MNE
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		MSP
		Sputtering



		MRS
		Radiation-Enhanced Sublimation



		MTD
		Trapping, Detrapping



		MPE
		Photoelectric Ejection of Electrons



		MEL
		Energy Loss and Stopping Power



		MPR
		Particle Range



		MMS
		Multiple Scattering



		MCP
		Charge State Population



		MEP
		Excited State Population



		MRH
		Reflection of Heavy Particles from Surfaces



		MRL
		Reflection of Electrons from Surfaces
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		CODE
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		General



		DEH
		Electron-Heavy Particle Interactions



		DHH
		Heavy Particle-Heavy Particle Interactions



		DPF
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		DSS
		Structure and Spectra



		DTP
		Transport Properties



		DPM
		Particle-Matter Interactions
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Introduction



Status of VAMDC-XSAMS


The VAMDC consortium include many databases providers from very
different fields of atomic, molecular and solid spectroscopy
commmunity. Started with the
International Atomic Energy Agency’s XML Schema for Atomic, Molecular and Solid
Data (XSAMS) version 0.1.1 [XSAMS] , VAMDC consortium has found that
modifications/additions were necessary in order to meet the needs
of implementation and queries.
This effort has been carried out within the WP6 workpackage
including contributions/requirements from all VAMDC partners.
This effort has resulted in the so-called VAMDC-XSAMS schema
that is used within VAMDC. Releases of VAMDC-XSAMS are planned
every 3 months and it is planned that VAMDC-XSAMS and XSAMS will
converge every year. The current version of VAMDC-XSAMS is version 0.3
and it is part of the 11.11 Release of VAMDC Standards. The VAMDC release
documents for the VAMDC-XSAMS schema include: a tarball including the VAMDC-XSAMS
schema files (main file is xsams.xsd) and some example files [VAMDC-XSAMS-SCHEMA],
the current reference guide and its PDF file [VAMDC-XSAMS-PDF], the documentation created
directly from the schema [VAMDC-XSAMS-DOC], the changelog document [VAMDC-XSAMS-LOG]
that provides the log between the IAEA XSAMS version 0.1.1  [XSAMS] and the
VAMDC-XSAMS version 0.2 [VAMDC-XSAMS-SCHEMA], the documentation for the
case-by-case description of molecular states [case-by-case].





Motivation of XSAMS (and VAMDC-XSAMS)


Many fields in astronomy, physics, energy production and industry depend on
databases for atomic, molecular and particle-surface interaction processes
(AMPSI). A reliable exchange of such data has been recognized as important for
decades, and the Atomic and Molecular (A+M) Data Unit of the International
Atomic Energy Agency established a Data Centre Network (DCN) in 1976 to
address this vital issue in connection with fusion energy research
[Lorenz]. Thus, the ALADDIN data exchange system was adopted in 1988 by
the DCN for use by the fusion community in a variety of applications
[Janev].


While developments in data exchange within the fusion community were deemed to
be adequate two decades ago, a rapid expansion of the Internet resulted in an
equally impressive expansion of electronic databases. Most DCN members
maintain separate databases, each with a distinct interface and data formats.
Independently, the ADAS project was initiated in support of the JET programme
[ADAS], and the resulting system has developed into a large project with
a dedicated internal method of data exchange. Until recently, difficulties
were experienced in obtaining the underlying AMPSI data from ADAS without
being a member of the group. Furthermore, the astrophysics community has its
own set of dedicated databases and interfaces. Under these circumstances,
there is clearly an urgent need for a new data exchange standard based on the
latest technology. The International Virtual Observatory Alliance (IVOA)
undertook some initial work from 2002 onwards to define and adopt an XML
schema for data exchange [Hanisch]. There have been other formats for
AMPSI data exchange involving selected data producers and databases, but they
did not include global efforts to define a data exchange process.


During the course of the 2004 ICAMDATA meeting in Japan, group discussions
focused on the need to develop a more comprehensive schema for AMPSI data for
general use. This group consisted of Yu. Ralchenko of the National Institute
of Standards and Technology (USA), D. Schultz of the Oak Ridge National
Laboratory (USA), M.L. Dubernet of Universit’e Pierre et Marie Curie (France)
and E. Roueff of the Observatoire Paris-Meudon (France), and
D. Humbert and R.E.H. Clark of the International Atomic Energy
Agency (Austria), and they have met twice every year to develop such a schema.
Recently, P. Loboda and S. Gagarin have joined the group from the All-Russian
Institute of Technical Physics, Russia. Summary reports of the meetings are
available as IAEA reports and can be downloaded from the A+M Unit web site
[XSAMS]. The resulting XML Schema for Atoms, Molecules and Solids (XSAMS)
can be found on the same A+M Unit website [XSAMS].


The primary objective of the XSAMS exchange standard is to set up a framework
for the correct exchange of AMPSI data, rather than to exchange correct data.
Important issues such as data verification and data quality are not addressed
by XSAMS, which has been established solely as the data exchange procedure.
Although XSAMS does require inclusion of documentation of the source and
generation of the data, issues related to the correctness or applicability of
the data are left for consideration by data producers.


The overall structure of XSAMS reflects the standard approach to description
of A+M physics in terms of physical processes connecting different states.
Specific rules are used to describe the physical states of
atoms, molecules, ions, elementary particles and solids as unambiguously as
possible. States can be specified in any of a number of levels of detail and
in different coupling schemes. Processes between states can be described using
a reference to initial and final state, as well as a process type. The
numerical data for processes can be tabulated, or parameters for a fitting
procedure with provision for specifying the exact nature of the fitting
function.  Different types of differential cross sections as well as total
cross sections can be accommodated.  Finally, since the origin and history of
the data are necessary for data assessment, XSAMS imposes strict requirements
on the traceability of the data, with the mandatory inclusion of information
on data sources and the methods used to generate specific sets of data.


XSAMS was developed through the joint efforts of researchers from the
International Atomic Energy Agency (Austria), National Institute of Standards
and Technology (USA), Oak Ridge National Laboratory (USA), Universit’e
Pierre et Marie Curie and Observatoire
Paris-Meudon (France), with contributions from the All-Russian Institute of
Technical Physics (Russia).


The schema for describing states of physical systems and
processes connecting different states are detailed in the following sections.
All required and optional entries are clearly described, and examples given.





Limitations of VAMDC-XSAMS


As of December 16, 2014 , some parts of the schema are well developed (e.g., on atomic and
molecular structure or processes) while the others are only in the initial
phase of development (e.g., solids, environments). It was nevertheless decided to add those
less-advanced sections in order to provide some insight into future
development of the schema.





Document goal


The goal of this document is not to create a reference schema documentation,
but to define guidelines and examples on filling in data in schema.
For reference documentation, see autogenerated HTML docs [VAMDC-XSAMS-DOC].
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Functions



Functions branch of the schema provides the list and description of different
functions used for data presentation.  These functions can be fit functions to calculate numerical data
or functions to describe specific methods.  The Functions element is defined by type
FunctionsType and contains one or more Function elements.


[image: ../../_images/Functions.png]





Function



Element Function of type FunctionType provides
description of a function in terms of its value y, arguments [image: x_1,x_2...],
and additional parameters. Each function is identified by a functionID,
that may be referred from Methods, FitData‘s FunctionParameters elements,
Broadening‘s Lineshape.
FunctionType is an extension of PrimaryType.


It is important to note that a fit function can be viewed just as a
mathematical expression or as the representation of physical process.  This
second approach has been priviledged in XSAMS.  Therefore, physical
parameters, such as units or the reference frame for the energies are
described in this section.  Numerical data for the argument validity limits
and the fit parameters are provided as fit data within the FitParametersType,
wherever it is used in the schema.


[image: ../../_images/Function.png]
Function element, extending PrimaryType, has the following elements and attributes:



		mandatory functionID attribute of type FunctionIDType, that is the function
identification to which any numerical data or method can refer.  This
attribute is mandatory, it may contain any alphanumeric characters and the first character
of the identifier should be F





		optional string Name element, which gives the name of the function;





		mandatory Expression element, defined as a string with an additional
attribute computerLanguage, providing the expression used to calculate the function value;





		mandatory Y element of type ArgumentType, that describes the value of the function,
providing its units and type;





		mandatory Arguments element, defining the list of Argument elements, each of ArgumentType,
defining the function arguments, their units, types and the default validity limits;





		optional element Parameters, defining the list of Parameter elements, describing function parameters:
their units and names;





		optinal element ReferenceFrame, with possible values



		CenterOfMass


		LaboratoryFrame


		TargetFrame





that is used when function is used in FitData within Processes.Collisions;





		optional string Description element, giving a description of the function;





		optional string SourceCodeURL, giving a location from where the function source code
can be downloaded.















ArgumentType



ArgumentType is used in Function in Y and Arguments elements
and in FitParametersType in Arguments.


[image: ../../_images/ArgumentType.png]
Following attributes and elements are defined by ArgumentType:



		mandatory string name attribute, defining the function argument name.
Must be the same as defined in the Function‘s element Expression.


		mandatory units attribute, of type UnitsType, defining the units of the argument,


		optional string Description attribute, providing the free-form description of the argument,


		optional LowerLimit element of type xs:double,


		optional UpperLimit element of type xs:double.





When ArgumentType is used within Function, LowerLimit and UpperLimit
of the argument become the default range values.
If required, they may be overridden later by FitArgument elements within FitParametersType.
Attribute units should be ignored or checked for consistency when handling
FitArgument from FitParametersType.









Parameter



The Parameter element, defined by ParameterType, provides the information about the function parameter.


[image: ../../_images/Parameter.png]
Listed within Parameters element of Function, it defines following attributes and elements:



		mandatory string name attribute, that should match the one defined in the Function‘s Expression,


		mandatory units attribute, of type UnitsType,


		optional string Description providing the free-form description of the parameter












Examples



Here is an example function branch instance, defining the function [image: k(T)=a*{t/300}^b * e^{-g/t}],
with temperature argument T and three parameters, a, b, g:


<Functions>
        <Function functionID="FKIDAKOOJI">
                <Comments>Kooij function</Comments>
                <SourceRef>BKIDAS1</SourceRef>
                <Name>Kooij</Name>
                <Expression computerLanguage="Fortran">
                        a * (T/300.) ** b * EXP(-g/T)
                </Expression>
                <Y name="k" units="cm3/s">
                        <Description>Rate coefficient vs temperature</Description>
                </Y>
                <Arguments>
                        <Argument name="T" units="K">
                                <Description>Temperature</Description>
                                <LowerLimit>20</LowerLimit>
                                <UpperLimit>200</UpperLimit>
                        </Argument>
                </Arguments>
                <Parameters>
                        <Parameter name="a" units="cm3/s">
                                <Description>alpha multiplier</Description>
                        </Parameter>
                        <Parameter name="b" units="unitless">
                                <Description>beta power</Description>
                        </Parameter>
                        <Parameter name="g" units="K">
                                <Description>gamma exponent</Description>
                        </Parameter>
                </Parameters>
                <Description></Description>
                <SourceCodeURL></SourceCodeURL>
        </Function>
</Functions>
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Species.Molecules



Molecules



The element Molecules of type MoleculesType is a container for
one or more Molecule elements  of type  MoleculeType.


[image: ../../_images/Molecules.png]







Molecule



[image: ../../_images/Molecule.png]
This element is defined as MoleculeType, which is an  extension of PrimaryType.
It provides all information  on  molecular chemical species through  MolecularChemicalSpecies
of type MolecularChemicalSpeciesType.


Molecular states are described by one or more elements MolecularState of type MolecularStateType.
Complex states can be represented as the superposition of basis states, all of them enumerated
in the root of molecule element under BasisStates.


These molecular species may be involved in various processes that are described in the Processes section.
Referencing is done either by speciesID or stateID attributes, or both.









MolecularChemicalSpecies



The element MolecularChemicalSpecies describes a simple model to
identify the chemical molecule involved in the description of States and
Processes.


[image: ../../_images/MolChemSpec.png]
NOTE: Recommendations on Organic and Biochemical Nomenclature, Symbols and
Terminology are available on the International Union of Pure and Applied
Chemistry [IUPAC] webpage.


MolecularChemicalSpecies element has following child elements defined:



		OrdinaryStructuralformula optional element, of type ReferencedTextType.
Standard formula describing the chemical complex written in Latex (molecule or molecular ion).
For the time being, the ordinaryStructuralformula element can not be used for search, because
a worldwide consensus among molecular physicists is not reached yet.
Here are some guidelines on how to fill this element, based on kind of molecule:



		For simple molecules involving several atoms, the formula should
reflect the order of the chemical bonds involved.


Isotopic atomic species should be described by the usual
chemical element name (see List of Atomic Elements) with the atomicMassNumber as an upper left subscript.
For example: Carbon 13 would be $^{13}C$ ([image: ^{13}C]).


For the special case of Hydrogen, isotopic atomic species have specific
symbols and names: Symbol= D  and Name= Deuterium  for core with 1 neutron and 1 proton,
Symbol= T  and Name= Tritium  for core with 2 neutrons and 1 proton.





		When one or several radicals, such as methyl, [image: CH_3], are involved,
they should be indicated in bracket followed by the number of their occurence as a lower subscript.
They are placed in the formula following the order of the chemical bonds.
Sometimes the formula of the radical is replaced by an alias such
as (Me) for methyl or (Et) for ethyl.





		The conformation (cis, trans, etc ...) should be indicated
before the part of the formula giving the various atomic components.





		For more complex molecules, no general rules are provided for now
in the document and any string describing the molecule can be used.





		Molecular ions should be described by their chemical formula
followed by a plus/minus sign and the number of charges (when different from one).
For example, the dyazenylium molecular ion would be $N_2H^+$
([image: N_2H^+]) and the carbonyl doubly charged ion $CO^{2+}$ ([image: CO^{2+}]).











		StoichiometricFormula mandatory string element.
For molecules it is constituted by an alphabetical suite of the atomic constituents
followed by the total number of their occurence (purely ASCII).
For example: CH2O2 ([image: CH_2O_2]) corresponding to formic acid
whose formula is $t/c-HCOOH$ ([image: t/c-HCOOH]).
This is useful for a primary search of resources.





		IonCharge optional integer element. It gives the charge of the molecular ion.
Examples: +1 or -1. It can be omitted for non-ionized molecules, but always should be
included for molecular ions.





		ChemicalName element of type ReferencedTextType,
a string (with reference) giving the name of the chemical complex. The ChemicalName
element can not be used for search, but rather for information because different names
might be associated to a single chemical complex.





		IUPACName element, of type ReferencedTextType, a string (with reference) giving the IUPAC name.
It can be used for search.





		URLFigure optional element, that provides an URL to a figure showing the
molecule in its stable configuration.





		InChI optional string element.
Provides the InChI identifier. [InChI]





		InChIKey mandatory string element.
Provides the InChIKey hash of InChI identifier. This element is mandatory because InChIKeys
appeared to be the most convinient and relatively reliable way to identify if two Molecule blocks
of data, originating from different databases, are describing the same species or not.





		CASRegistryNumber optional element of type ReferencedTextType that
provides the CAS Registry Number.





		optional string CNPIGroup element, describing the Complete Nuclear Permutation Inversion Group.
Should contain LaTeX representation of the CNPI group symbol.





		optional string VAMDCSpeciesID element, VAMDC-specific unique species identifier from a
VAMDC species database. Inchikey-based format, taking into account conformation and other
meaningful species distinction, not described by inchi standard. Format and database access are
described elsewhere in VAMDC documentation.





		PartitionFunction element that may contain a temperature dependence of molecule partition function
in a form of a list of points. May be specified multiple times.


[image: ../../_images/PartFunc.png]
Extending PrimaryType, it has:



		T element of type DataSeriesType to define temperature points


		Q element of type DataSeriesType to define partition function values


		NuclearSpinIsomer optional element to define nuclear spin isomer,
see Nuclear spin isomer for detailed description.








		MoleculeStructure optional element that is a link to [CML] description of molecular structure.
Extending PrimaryType, it defines additionally



		optional electronicStateRef attribute of type StateRefType
that may give a link to a separate description of electronic state,


		mandatory atomArray element from [CML], that must occur at least once,


		optional bondArray element from [CML], that may occur multiple times.





This description should be sufficient to define the structure of any complex molecule.





		NormalModes element for description of vibrational normal modes of complex molecules.





		StableMolecularProperties element if type MolecularPropertiesType which
provides information on properties of the molecule.


[image: ../../_images/MolPropsType.png]
MolecularPropertiesType has two elements:



		MolecularWeight, of type DataType, that carries
the sum of the individual isotopic masses of all the atoms in a molecule,


		multiple OtherProperties element of type CharacterisationType
that allows to specify arbitrary properties of molecule in a form of a named dataset.








		Comment string element for arbitrary comments.















MolecularState



Formally a MolecularState element of type MolecularStateType is
characterized by a single eigenvalue (possibly degenerate) and a single
eigenstate (when non degenerate eigenvalue) of the hamiltonian  describing the
energy structure of  the chemical compound. When the eigenvalue is
degenerate, the quantum numbers associated to the degeneracy are not
provided.


The eigenvalue corresponds to the StateEnergy, and is  given relative to
an energyOrigin.
The eigenstate is characterized by a set of good quantum numbers,
such as parity and total angular momemtum,
and described by a wavefunction often expanded over some basis functions.
The expansion is characterized by a coupling scheme between the quantum
numbers identifying individual basis functions.


[image: ../../_images/MolecularState.png]
Following elements and attributes are defined for MolecularState



		stateID mandatory attribute, of type StateIDType, used for referencing the particular state.


		fullyAssigned optional boolean attribute, “true” defines that the state is fully described
by a set of good quantum numbers.


		auxillary optional boolean attribute, that defaults to “false”.
This attribute should be set to true if and only if a state was added to be referenced
as energyOrigin of StateEnergy or lowestEnergyStateRef of Nuclear spin isomer
and does not actually match the conditions of a query that produced the document.


		optional Description string element, where arbitrary name of state can be given.


		optional MolecularStateCharacterisation element of type MolecularStateCharacterisationType
that describes all quantities related to the molecular state apart from quantum numbers
(e.g. statistical weights, Land’e factors, radiative lifetime of the level and other properties).


		optional Parity element, that gives the total parity of the level.
It is of type ParityType, a token taking the values odd or even.


		optional Case element of type BaseCase, that is a container for [case-by-case]
definition of quantum numbers.
Logic of Case is explained below.


		optional StateExpansion element that allows to describe the state as a superposition of
basis quantum numbers sets, each set with it’s own coefficient.










MolecularStateCharacterisation



[image: ../../_images/MolStaChar.png]
MolecularStateCharacterisation element, defined as MolecularStateCharacterisationType, describes all
quantities related to the molecular state apart from it’s quantum numbers.
Following optional elements are defined:



		StateEnergy, of type StateEnergyType. Defined as an extension of DataType with
an additional mandatory attribute energyOrigin, containing a reference to the state
defining zero point of energy. That state in turn must have StateEnergy equal to zero and containing
reference to itself.


In case zero-point energy is a dissociation limit or another quantity not described by
quantum numbers, an empty MolecularState element should be added containing stateID attribute and
verbose description of that zero-point energy reference in Description element. Bibliography may
be added to such element.


By physical meaning, state energy is the eigenvalue of the hamiltonian describing the species.





		TotalStatisticalWeight positive integer element, keeps statistical weight associated to the level,
with all degeneracies (including nuclear spins).





		NuclearStatisticalWeight positive integer element, the same as TotalStatisticalWeight
but for nuclear spins only.





		NuclearSpinIsomer, element describing state nuclear spin isomer.
See Nuclear spin isomer sub-section for details.





		Lifetime, of type LifeTimeType. Defined as an extension of DataType with
an additional mandatory attribute decay that may take values total, totalRadiative, totalNonRadiative,
allowing to represent total state lifetime, including radiative and non-radiative decay mechanisms,
or define them separately.


Maximum of three occurences of this element is possible, each must have different value in decay attribute.


When only discrete radiative decay is involved, it is given by
[image: \tau_i= \frac{1}{\sum_k A_{ik}}]





		Parameters, list of elements of CharacterisationType.
It allows to add any additional characterisation of the molecular state.


If data producer is intending to use this element, full description of data format and meaning
should be given in one of the source references.


As an example it can be used to describe a statistical weight
associated to the level including some degeneracies, but not all. In that
case the element “Parameter.Name” takes the value PseudoStatisticalWeight.
It does not include all degeneracies and is used in fractions.
CDMS database provides such PseudoStatisticalWeight.















Nuclear spin isomer



[image: ../../_images/NuclearSpinIsomer.png]
Providing an extension of PrimaryType, NuclearSpinIsomer is used to describe
the molecular state nuclear spin isomer. It employs following elements and attributes:



		mandatory attribute lowestEnergyStateRef of StateRefType to give a reference
to the state of the same symmetry type, having the lowest energy value.


		mandatory Name string element that should contain a conventional label of the nuclear spin isomer,
like para, ortho, meta, A or E.


		optional LowestRoVibSym element, providing the symmetry species of the rovibronic
wavefunction of the lowest state of the nuclear spin isomer, in turn having an attribute
group to indicate the symmetry group that the species applies to.





SourceRef element derived from PrimaryType may be used to give a bibliography reference for the
complete description of nuclear spin isomers for complex molecules.


Few examples of nuclear spin isomer identification would be:


<NuclearSpinIsomer lowestEnergyStateRef="S-H2-1">
        <Name>para</Name>
        <LowestRoVibSym group="D{\infty}h(M)">\Sigma g+</LowestRoVibSym>
</NuclearSpinIsomer>

<NuclearSpinIsomer lowestEnergyStateRef="S-CH3Cl-1">
        <Name>A</Name>
        <LowestRoVibSym group="C3v(M)">A1</LowestRoVibSym>
</NuclearSpinIsomer>















Concept of cases



The case-by-case XML description of molecular states within VAMDC-XSAMS
is designed to provide a straightforward and flat data structure for representing
the quantum numbers and symmetries that denote a molecular state. The reader is the
refered to the [case-by-case] documentation for full description of the various cases.






Case



Each MolecularState has Case element of type cases:BaseCase from separate namespace.


BaseCase type defines the single attribute, caseID, that denotes the case used.


[image: case link to the main schema]
Each specific case, in turn, extends that BaseCase type, defining specific caseID attribute value
and adding QNs element that contains a sequence of quantum numbers and symmetries.


[image: case definition example]







BasisStates



In a case when molecular state needs to be described as a superposition of basis states,
StateExpansion element of MolecularState needs to be used.
It contains at least one Coeff element, extending xs:double by adding a reference to the
basis state. A sum of all Coeff values for one StateExpansion should always be equal to 1


[image: ../../_images/StateExpansion.png]
BasisState, extending PrimaryType, contains at least one Case element and a basisStateID
attribute. BasisStateID/BasisStateRef id/idref pair must have a prefix SB and normally
should not be referenced from processes block.


[image: ../../_images/BasisStates.png]







Specific XML Types



Here, specific XML types, used only in Species.Molecules are described.




ReferencedTextType



An extension of PrimaryType that has additional string Value element,
is used to define strings with Source reference.


[image: ../../_images/RefTextType.png]







CharacterisationType



[image: ../../_images/CharacType.png]
CharacterizationType is an extension of PrimaryType,
adding a Name string element and a choice of one of:



		ValueData of type DataType,


		VectorsData of type VectorsType or


		MatrixData of type MatrixType.





permitting representation of arbitrary data, relevant to state.









NormalModes



To represent vibrational normal modes of molecules, NormalModes element is used.


[image: ../../_images/NormalModes.png]
Each NormalModes element, extending PrimaryType,
may have an attribute electronicStateRef, defining reference to electronic state,
and must have at least one NormalMode element, each defining a single mode.


[image: ../../_images/NormalMode.png]
NormalMode element, also extending PrimaryType, has following attributes and elements:



		optional electronicStateRef attribute, of type StateRefType,
defining electronic state;


		optional pointGroupSymmetry string attribute;


		optional id attribute of NormalModeIDType,
defining unique identifier for this mode,
to be referenced from radiative AbsorptionCrossSection band assignment;


		optional HarmonicFrequency element of DataType;


		optional Intensity DataType element;


		optional DisplacementVectors element of type VectorsType
to define atoms displacement configuration of the mode.
		ref attribute of Vector must contain the id of the atom in molecule’s structure,


		x3, y3, z3 define atom’s relative displacement against it’s position in ground state.
















Example:



Example XML block for NormalModes would look like:


<NormalModes electronicStateRef="SX_Azulene-1">
        <NormalMode id="V1" pointGroupSymmetry="A1">
                <HarmonicFrequency>
                        <Value units="1/cm">162</Value>
                        <Accuracy><Systematic>1</Systematic></Accuracy>
                </HarmonicFrequency>
                <Intensity>
                        <Value units="km/mol">0</Value>
                </Intensity>
                <DisplacementVectors units="A">
                        <Vector ref="C1" x3="0." y3="0.001" z3="0.0005"/>
                        <Vector ref="C2" x3="0.01" y3="-0.001" z3="0.0005"/>
                        <Vector ref="C3" x3="-0.005" y3="0.001" z3="0."/>
                        <!-- etc... -->
                </DisplacementVectors>
        </NormalMode>
        <NormalMode id="V2" pointGroupSymmetry="A2">
                <HarmonicFrequency>
                        <Value units="1/cm">214</Value>
                        <Accuracy><Statistical>5</Statistical></Accuracy>
                </HarmonicFrequency>
        </NormalMode>
        <NormalMode id="V3" pointGroupSymmetry="A1">
                <HarmonicFrequency>
                        <Value units="1/cm">1720.21</Value>
                        <Accuracy>
                                <Statistical>0.05</Statistical>
                        </Accuracy>
                </HarmonicFrequency>
        </NormalMode>
</NormalModes>
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Closed-shell, linear polyatomic molecules: lpcs



[image: ElecStateLabel]






		Element:		lpcs:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state.






		Restrictions:		
		string.
















[image: v_i]






		Element:		lpcs:vi






		Attributes:		mode: a positive integer, identifying the normal mode that this quantum number is associated with.






		Description:		[image: v_i] is the vibrational quantum number associated with the [image: \nu_i] normal mode.






		Restrictions:		
		non-negative integer.
















[image: l_i]






		Element:		lpcs:li






		Attributes:		mode: a positive integer, identifying the degenerate normal mode that this vibrational angular momentum quantum number is associated with.






		Description:		[image: l_i] is the vibrational angular momentum quantum number associated with the degenerate [image: \nu_i] normal mode; positive and negative values distinguish [image: l]-type doubling components; if two or more degenerate vibrations are excited, [image: l_i] is only approximately defined (i.e. it is not a totally good quantum number) - see e.g. Herzerg II, p.212.






		Restrictions:		
		non-negative integer.  * [image: \|l_i\| = v_i, v_i-2, \cdots, 1 \;\mathrm{or}\;0].
















[image: l]






		Element:		lpcs:l






		Attributes:		None.






		Description:		[image: l] is the total vibrational angular momentum quantum number associated with resultant vibrational angular momentum about the internuclear axis.






		Restrictions:		
		non-negative integer.
















[image: vibInv]






		Element:		lpcs:vibInv






		Attributes:		None.






		Description:		vibInv is the parity of the vibrational wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system.






		Restrictions:		
		‘g’ or ‘u’.













[image: vibRefl]
“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“”“” `






		Element:		lpcs:vibRefl






		Attributes:		None.






		Description:		vibRefl is the parity of the vibrational wavefunction with respect to reflection in a plane containing the molecular symmetry axis in the molecular coordinate system.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: J]






		Element:		lpcs:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer.  * [image: J \ge \|l\|].
















[image: I]






		Element:		lpcs:I






		Attributes:		nuclearSpinRef: a label, matching /Q.+/ identifying the group of nuclear spins coupled to one another to form a total nuclear spin angular momentum.






		Description:		[image: I] is the quantum number associated with the total nuclear spin angular momentum: [image: \boldsymbol{I} = \boldsymbol{I_1} + \boldsymbol{I_2} + \cdots] where nuclei [image: 1, 2, \cdots] have individual nuclear spin angular momenta [image: \boldsymbol{I_1}, \boldsymbol{I_2}, \cdots].






		Restrictions:		
		non-negative integer or half-integer.
















[image: F_j]






		Element:		lpcs:Fj






		Attributes:		
		nuclearSpinRef: a label identifying the nuclear spin being coupled to   [image: \boldsymbol{J}] or [image: \boldsymbol{F_{j-1}}] to form an intermediate   angular momentum;  * [image: j]: an integer label identifying the order of the hyperfine coupling  .









		Description:		[image: F_j] is the intermediate angular momentum quantum number associated with the coupling of the nuclear spin angular momentum of nucleus [image: j] to the intermediate angular momentum: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}] or [image: \boldsymbol{F_j} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}]; [image: \boldsymbol{F_j}] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.
















[image: F]






		Element:		lpcs:F






		Attributes:		nuclearSpinRef: a label, matching /Q.+/ identifying the nuclear spin being coupled to [image: \boldsymbol{J}] or [image: \boldsymbol{F_j}] to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one such coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}] if two or more such couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.
















[image: r]






		Element:		lpcs:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		lpcs:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
















[image: kronigParity]






		Element:		lpcs:kronigParity






		Attributes:		None.






		Restrictions:		
		‘e’ or ‘f’.
















[image: asSym]






		Element:		lpcs:asSym






		Attributes:		None.






		Description:		asSym is (for linear molecules with a centre of inversion) the symmetry of the rovibronic wavefunction: ‘a’ or ‘s’ such that the total wavefunction including nuclear spin is symmetric or antisymmetric with respect to permutation of the identical nuclei ([image: \hat{P}_{12}]), according to whether they are bosons or fermions respectively.






		Restrictions:		
		‘s’ or ‘a’.
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Methods



The Methods branch provides the list of different methods used to
produce numerical data. Defined by MethodsType, it contains one or
more elements Method


[image: ../../_images/Methods.png]





Method



Element Method provides information on a specific method used to
produce numerical data reported in the XML file.  Examples of
numerical data include energy levels for atoms and molecules, wavelengths for
radiative transitions, cross sections for atomic and molecular collisions,
etc.  Each Method element is identified by a methodID which is then
referred to in the data section.


[image: ../../_images/Method.png]
Extending PrimaryType, Method has the following additional attributes and elements:



		mandatory attribute methodID of type MethodIDType, which is the method identification
to which any numerical data can refer. This attribute must be composed of a capital
letter M followed by one or more symbols.


		optional attribute functionRef of type FunctionRefType, which is a
reference to a fit function that was used within this particular method.


		mandatory element Category, defined by type CategoryType as an item from the following
list:
		experiment


		theory


		ritz


		recommended


		evaluated


		empirical


		scalingLaw


		semiempirical


		compilation


		derived


		observed








		mandatory string element Description, which is a free format text to
describe the method.
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Changelog


This section describes the changes between VAMDC-XSAMS versions.
For a complete changelog, describing the difference between IAEA XSAMS and first release of VAMDC XSAMS (v0.2), refer to
a separate Changelog document [VAMDC-XSAMS-LOG]



Changes between VAMDC-XSAMS 0.3 and 1.0




		Added extra XSAMS Process Codes suggested by MLD


		Move process codes to typesAttributes.xsd


		Added ProcessClass element to Processes.Radiative transitions


		BasisStates are now given once at the root of the Molecule element and referenced in StateExpansion,
which gives the coefficients only.


		BasisStates have their own stateIDs, starting with SB prefix


		Added evaluation to DataSet children, remove extension of PrimaryType


		removed PhysicalUncertainity from FitData and TabulatedData


		fixed bug in J for open-shell cases lpos and ltos, which should be ctypes:AMType


		change DataDescription element name into Description in DataSeriesType


		Particle name attribute is now mandatory


		Implemented vacuum flag, environment reference,
airtovacuum conversion factor for transition Wavelength element in EnergyWavelength


		Added BranchingRatio element to CollisionalTransition


		Use stateRef for energyOrigin attribute of StateEnergy in MolecularStateCharacterisation.


		Added attribute auxillary to MolecularState to indicate states that were included
only to be referenced as energyOrigin or lowestEnergyStateRef.


		Added pressure-neutral and pressure-charged Broadening names


		Added energySpectrum, massSpectrum, braggCurve to the possible values of dataDescription
in DataSet


		More complete molecular nuclear spin isomer description in Nuclear spin isomer,
both for molecular states and partition functions.


		OrdinaryStructuralformula element of MolecularChemicalSpecies is made optional


		added VAMDCSpeciesID element to MolecularChemicalSpecies description


		Some of the cases in Concept of cases are updated.












Changes between VAMDC-XSAMS version 0.2 and 0.3




		Fixed spelling error in Sources category, theses -> thesis


		cm5 and Torr are added to the UnitsType


		Changed Namespace URL from “http://vamdc.org/xml/xsams/0.2” to “http://vamdc.org/xml/xsams/0.3“


		Updated Case-By-Case definition of molecular quantum numbers to version 0.3


		Renamed CategoryType into SourceCategoryType in Sources


		Allowed up to three LifeTime elements within AtomicNumericalData


		Allowed more than one IAEA code per CollisionalTransition


		Addeded few more Species.Particles: neutron, alpha and cosmic.
Latter is ‘any high-energy cosmic ray particle’.


		Replaced StateID with SpeciesID in Species.Particles and Species.Solids


		Added mandatory id attribute to all Processes


		Added optional groupLabel attribute to all Processes


		envID attribute is now required for the Environment element


		Fixed MatrixType to use correct types for values attribute and Matrix element


		Changed few of the XSAMS Process Codes abbreviations


		Changed CrossSection to AbsorptionCrossSection in RadiativeType


		Introduced CollisionInducedAbsorptionCrossSection for Hitran


		Merged table formats from AbsorptionCrossSection and Processes.Collisions,
the base type is the SimpleDataTableType


		Change the SourceName element to be optional in Sources: sources such as ‘private communications’
do not necessarily have meaningful SourceNames


		Changed RadiativeTransition and NonRadiativeTransition to have ‘UpperStateRef’
and ‘LowerStateRef’ elements, plus optional ‘process’ attribute
with ‘excitation’/’deexcitation’ values


		In DataListType renamed n attribute into count


		In LinearSequenceType renamed n , a0 , a1 attributes
into count , initial , increment


		Simplified Accuracy description and introduced Evaluation description for DataType,
DataFuncType and DataSeriesType


		Abandoned SymbolType, CNPIGroup of the MolecularChemicalSpecies is now a string
containing the latex description of the CNPI group symbol


		Introduced ArticleNumber element into Source element, added “vamdc node” option for Category


		Renamed Multipole element of RadiativeTransition Probability into TransitionKind. Added P value for
transitions due to polarizability, not multipole. For example, Raman transitions.


		ElementSymbolType now contains an enumeration of all possible atomic element symbols from the [IUPAC] list.
Updated the List of Atomic Elements with the element 112.















          

      

      

    


    
        © Copyright 2010-2012, VAMDC.
      Created using Sphinx 1.2.2.
    

  

dataModel/vamdcxsams/appLineshapes.html


    
      Navigation


      
        		
          index


        		standards documentation »

 
      


    


    
      
          
            
  
Lineshapes dictionary



Possible broadening and shifting names, lineshapes, parameters are listed below.
The list is incomplete, it will be expanded before the release and extended later based on user requests and feedback.




Broadening names




		pressure for collisional broadening processes


		pressure-neutral for collisional broadening with neutral perturbers


		pressure-charged for collisional broadening with charged(ionized) perturbers


		doppler for Doppler broadening


		instrument for instrument-specific broadening


		natural for line broadening caused by finite lifetime of initial and final states.
Usually, Lorentzian line profile should be used.












Shifting names




		pressure for linear pressure shifting in hi-res spectroscopy












Lineshape names and parameters




		Lorentzian
		gammaL








		Voigt
		gamma


		sigma











to be continued...
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Species.Solids


The Solids branch of XSAMS that describes properties of solids and
surfaces is still in the inital phase of development. However, it was decided
to provide at least such rudimentary description in order to give users and
developers a clear idea of the chosen approach.


The same way as with other species, Solids element is just a container
for Solid elements.


[image: ../../_images/Solids.png]

Solid



Extension of the PrimaryType. Attribute speciesID is mandatory. Must
have one or more Layer elements of type MaterialType.






Layer



The layer is defined here as a uniform macroscopic part of a solid.
It is characterized by the mandatory elements:



		MaterialName (type xs:string) and


		MaterialComposition of type MaterialCompositionType.





Other optional elements are:



		MaterialThickness of DataType,


		string MaterialTopology,


		MaterialTemperature (type DataType),


		arbitrary string Comments.





[image: ../../_images/Layer.png]







MaterialComposition



Extension of the PrimaryType, must have one or more of Component elements,
each belonging to the MaterialComponentType.


[image: ../../_images/Material.png]
Component element has ChemicalElement element (of ChemicalElementType)
and either StoichiometricValue or Percentage, both xs:decimal.
All these parameters are mandatory.


[image: ../../_images/Component.png]
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Common Types


For the sake of code reuse and reduction of complexity, most of the elements and
element attributes of schema are defined as separate types.



Simple Types



Simple types are used mostly within attributes.
For example, all reference types, defining ID/IDREF pairs value restriction, are
defined as simple types.
Here, only types that are used in multiple places of schema are indicated.
Types, specific to branches: species(atoms, molecules),processes (radiative,collisions)
are described in respective sections of this manual.




AngularMomentumProjectionType



Restriction of double type.
Allowed values: integer or half-integer. Examples: -11.5, 2,
+2.0, -0.5.






AngularMomentumType



Restriction of double type.
Allowed values: non-negative integer or half-integer. Examples: 11.5,
2, 2.0, 0.5.






DataDescriptionType



Descriptor for the type of a collisonal parameter, can take one of the
following values:



		crossSection


		collisionStrength


		rateCoefficient


		probability


		effectiveCollisionStrength


		sputteringYield


		sputteredEnergyCoefficient


		particleReflectionCoefficient


		energyReflectionCoefficient


		meanPenetrationDepth












DoubleListType



A list of values of type double






ElementSymbolType



Symbol for a chemical element.
Allowed values are atom symbols from the [IUPAC] atomic elements list, from H for Hydrogen to Cn for Copernicium






EnvironmentIDType



Identifier for Environments.
May contain any symbols except spaces, first symbol must be E.






EnvironmentRefType



Reference for EnvironmentIDType






FunctionIDType



Identifier for Functions.
May contain any symbols except spaces, first symbol must be F.






FunctionRefType



Reference for FunctionIDType






MethodIDType



Identifier for methods of data production.
May contain any symbols except spaces, first symbol must be M.






MethodRefType



Reference for MethodIDType






MixingClassType



Indicates the nature of the mixing coefficients in the expansion of a
wave function in a specific basis. Allowed values:



		squared


		signed












NormalModeIDType



Identifier for vibrational normal modes for complex molecules..
May contain any symbols except spaces, first symbol must be V.






NormalModeRefType



Reference for NormalModeIDType






OrbitalAngularMomentumSymbolType



symbol for OrbitalAngularMomentumType, any lowercase letter is a valid value.






ParityType



Allowed values:



		even


		odd


		undefined












PrincipalQuantumNumberType



Allowed values: positive integer.






ReferenceFrameType



Descriptor for the frame of reference:



		CenterOfMass


		LaboratoryFrame


		TargetFrame












SourceIDType



Identifier for Sources of data.
May contain any symbols except spaces, first symbol must be B.






SpeciesIDType



Identifier for species. Used in Atoms and Molecules.
May contain any symbols except spaces, first symbol must be X.
If database keeps different species kinds in different tables, it may make sense to add some additional prefixes
to assure process identifier uniqueness, like XA for atoms, XM for molecules, etc.






SpeciesRefType



Reference for SpeciesIDType






StateIDType



Identifier for a specific state. Used in all species.
May contain any symbols except spaces, first symbol must be S.






ProcessIDType



Identifier for a specific process. Used in all processes for the mandatory id attribute.
May contain any symbols except spaces, first symbol must be P.
If database keeps different process kinds in different tables, it may make sense to add some additional prefixes
to assure process identifier uniqueness.






StateRefType



Reference for StateIDType






StringListType



Space-separated list of arbitrary strings.






UnitsType



Defines a list of allowed units within XSAMS document.
This list is updated and extended as necessary on data producers request.
[UnitsML] approach may be adopted in later versions of schema.


The positive powers are indicated by digits, the negative powers follow
the backslash symbol /.
For unitless (dimensionless) parameters, use unitless.


So far, this list contains the following values. If any additional values are required,
contact responsibles for schema.



		undef


		eV/amu


		keV/amu


		MeV/amu


		eV


		keV


		MeV


		au


		1/cm


		J


		Ry


		unitless


		kJ/mol


		kcal/mol


		K


		Hz


		kHz


		MHz


		m


		cm


		A


		nm


		deg


		rad


		srad


		s


		m3/s


		cm3/s


		cm6/s


		m2


		cm2


		b


		Mb


		1/s


		C.m


		J/T


		C.m2


		m/s


		cm/s


		C


		electron


		g


		amu


		kg


		1/m2/s


		1/cm2/s


		J/m2/s


		J/cm2/s


		1/m2


		1/cm2


		1/m3


		1/cm3


		J/m2


		J/cm2


		W/m2


		W/cm2


		W


		atm


		km/mol


		1/cm2/atm


		1/cm/atm


		cm5


		Torr














Complex Types



PrimaryType



[image: ../../_images/PrimaryType.png]
This is the fundamental elementary type used to built other types as
extensions. It may contain:



		optional methodRef attribute of type MethodRefType,


		list of SourceRef elements, containing source identifiers,


		optional Comments element for arbitrary comments.












ChemicalElementType



The mandatory element NuclearCharge must be a positive integer. The
optional element ElementSymbol must begin with an upper-case letter
which may be followed by a lower-case letter. Examples: P, T, Au.


[image: ../../_images/ChemicalElementType.png]







DataType



[image: ../../_images/DataType.png]
Extension of the PrimaryType which
is used for description of numerical data, including units and accuracy.
Contains



		mandatory Value element of type ValueType


		optional Evaluation elements, defined by the EvaluationType


		optional Accuracy elements, defined by AccuracyType.












DataFuncType



[image: ../../_images/DataFuncType.png]
Defined in the similar way as DataType, DataFuncType has additionally



		mandatory name attribute,


		choice between a DataType elements and a list of FitParameters
elements, defined by FitParametersType, each containing sufficient set of parameters needed to calculate
the value using some Function.





It is used in Broadening and Shifting sections of [XSAMS] to define lineshape parameters.









AccuracyType



[image: ../../_images/AccuracyType1.png]
AccuracyType is an extension of xs:double type, adding optional attributes:



		type attribute that may take values
		arbitrary


		estimated


		systematic


		statistical








		confidenceInterval of type xs:double, with valid ranges from 0 to 1,
indicating confidence interval for the statistical error.
Ususal values would be like 0.95 or 0.99.


		relative of type xs:boolean, indicating whether this accuracy value
is absolute(false) or relative(true).
By default, accuracy should be treated as absolute.












EvaluationType



[image: ../../_images/EvaluationType.png]
EvaluationType is an extension of the PrimaryType, intended to describe the data quality assessment and recommendation.
Following attributes and elements are defined:



		optional boolean recommended attribute, true if the corresponding value is evaluated and recommended


		optional string Quality element, intended to contain a string specific to evaluation commitee, describing the
data quality.












FitParametersType



[image: ../../_images/FitParametersType.png]
FitParametersType defines a full set of data required to calculate some quantity
using the predefined function. For a function definition, see Functions branch of XSAMS.
Following attributes and elements are defined:



		functionRef attribute, of type FunctionRefType,
defining the reference to a function used,


		list of FitArgument elements, of type ArgumentType, defining
validity limits of arguments in particular fit,


		list of FitParameter elements, of type NamedDataType,
giving the function parameters values, possibly with source references.
The NamedDataType is an extension of DataType with a mandatory name string attribute.












LifeTimeType



Extension of the DataType that defines the additional attribute decay
with possible values:




		total,


		totalRadiative,


		totalNonRadiative.









The type is used both in atomic and molecular states to define state lifetime.









SpeciesStateRefType



This type allows to define the SpeciesRef (SpeciesRefType) or
StateRef (StateRefType) child elements (or both).
At least one should be specified, but it is always kind to explicitly provide SpeciesRef.


[image: ../../_images/SpeciesStateRefType.png]







ValueType



[image: ../../_images/ValueType.png]
The data must be of type xs:double with the mandatory units attribute of type UnitsType











Data structures



In this section generic data structures that are used in multiple places in schema are described.




DataSeriesType



DataSeriesType allows description of data as a list of values or a linear sequence, including errors.


[image: ../../_images/DataSeriesType.png]
Extends PrimaryType to allow source references, adds following attributes and elements:



		optional string attribute parameter that may contain the function
parameter name;





		optional attribute units of UnitsType to define the data
units;





		optional string Description element that may contain a verbose
description of data stored in the column;





		mandatory choice of



		DataList element of DataListType to represent a
space-separated list of double values.





		LinearSequence element of LinearSequenceType. Should
be used if data is a linear sequence. Example would be to
represent frequency/wavelength points for spectrum data.





		DataFile string element that should contain a file name,
containing space-separated or newline-separated set of data.


For now, this element should contain a fully qualified URL of
the data file. In a future xsams-bundle format this element will
contain names of bundled text files.











		optional Accuracy elements, defined by the DataSeriesAccuracyType, similar to one in DataType













DataSeriesAccuracyType



[image: ../../_images/DataSeriesAccuracy.png]
To represent data points errors, optional Accuracy element is introduced.
It extends PrimaryType by adding following attributes, similar to introduced in AccuracyType :



		string type attribute which may be arbitrary, estimated, statistical, systematic


		boolean relative attribute





one of the following optional elements may be used to describe error values:



		ErrorList element of DataListType,


		ErrorValue in case all points have the same error value


		ErrorFile which has the same meaning as DataFile element





All missing or unknown error values in the ErrorList and ErrorFile should be reported as -1.











DataListType



[image: ../../_images/DataListType.png]
Defines a space-separated list of double precision floating-point numbers, with
the optional count attribute to indicate the number of elements in a list









LinearSequenceType



Allows to describe a linear sequence of data, in form of:
[image: a_0, a_0+a_1, a_0+2a_1, ..., a_0 + (n-1)\cdot a_1]


[image: ../../_images/LinearSequenceType.png]
Defines three mandatory attributes: initial, increment and count.









SimpleDataTableType



SimpleDataTableType is the universal table type used as a base type for absorption cross-sections
and for all kinds of tabular data within collisions.


[image: ../../_images/SimpleDataTableType.png]
SimpleDataTableType has following attributes and elements defined:



		optional string Description to hold the table name;


		mandatory X element of DataSeriesType that can be repeated multiple times to
allow description of multi-dimensional data, as for example  [image: y=f(x_1, x_2, x_3)].


		mandatory Y element of DataSeriesType intended to contain data points.





It is possible to mix DataList, DataFile and LinearSequence elements within a single table.
In any case each numerical list from any X or Y element must have the same number of values.


This is necessary to transfer the numerical data in a consistant way.
This way, the n’th value of the DataList element of the Y element has as argument values
the n’th value of the DataList element from each X elements.  It is important to note
that no missing values are possible within the DataList element, as each Y value
has always a defined set of X values.


The only exception to this rule is a LinearSequence element that may contain less elements.
In this case when the last element is reached, value should be reset to initial
and begin to increment again.


The following table:


Differential cross-sections in  [image: 10^{-16} cm^2]










		[image: x1(eV)|x2(deg)]
		0
		20
		40





		
		






		.1
		.2
		.3



		
		






		.4
		.5
		.6



		
		






		.7
		 
		.9







produces as output:


<X units='deg'>
        <Datalist>0 20 40 0 20 40 0 40</Datalist>
</X>
<X units='eV'>
        <Datalist>1. 1. 1. 2. 2. 2. 3. 3.</Datalist>
</X>
<Y units='cm2'>
        <Datalist>.1e-16 .2e-16 .3e-16 .4e-16 .5e-16 .6e-16 .7e-16 .9e-16</Datalist>
</Y>













VectorsType



Defines a collection of vectors in 3D space, specifying source reference,
dimensions units and vector reference frame.


[image: ../../_images/VectorsType.png]
Both VectorsType and Vector are extending PrimaryType.


VectorsType defines units attribute of type UnitsType and a collection of
Vector elements.


Vector has following attributes:



		string ref that is context-specific and defines the reference element to which
the vector applies,


		three xs:double coordinate attributes: x3, y3, z3,
with units defined in the Vectors container.












MatrixType



[image: ../../_images/MatrixType.png]
A nrows x ncols matrix.
Being an extension of the PrimaryType, MatrixType defines following elements and attributes:



		mandatory RowRefs element that contains whitespace separated list of row names,


		mandatory ColRefs element that contains the same list for columns.


		mandatory Matrix element that contains a whitespace separated
list of values, either real or complex


		mandatory integer attribute nrows defining the number of rows,


		mandatory integer attribute ncols defining the number of columns,


		mandatory attribute form that identifies the type of matrix. It can be
		arbitrary


		symmetric


		asymmetric


		diagonal


		antidiagonal








		mandatory attribute values that describes the type of Matrix element contents and may be
one of
		binary


		integer


		real


		imaginary


		complex











For an arbitrary matrix, Matrix element has nrows*ncols entries. First you output elements of the first row,
starting from the leftmost column.










		 
		c1
		c2
		c3



		r1
		0
		1
		2



		r2
		3
		4
		5



		r3
		6
		7
		8







<MatrixData units="arbitrary" nrows="3" ncols="3" form="arbitrary" values="integer">
        <RowRefs>r1 r2 r3</RowRefs>
        <ColRefs>c1 c2 c3</ColRefs>
        <Matrix>
                0 1 2 3 4 5 6 7 8
        </Matrix>
</MatrixData>






For diagonal and antidiagonal matrix there are nrows=ncols entries, counting from left to right










		 
		c1
		c2
		c3



		r1
		1
		0
		0



		r2
		0
		2
		0



		r3
		0
		0
		3







<MatrixData units="arbitrary" nrows="3" ncols="3" form="diagonal" values="integer">
        <RowRefs>r1 r2 r3</RowRefs>
        <ColRefs>c1 c2 c3</ColRefs>
        <Matrix>
                1 2 3
        </Matrix>
</MatrixData>














		 
		c1
		c2
		c3



		r1
		0
		0
		3



		r2
		0
		2
		0



		r3
		1
		0
		0







<MatrixData units="arbitrary" nrows="3" ncols="3" form="antidiagonal" values="integer">
        <RowRefs>r1 r2 r3</RowRefs>
        <ColRefs>c1 c2 c3</ColRefs>
        <Matrix>
                1 2 3
        </Matrix>
</MatrixData>






For a symmetric matrix there are nrows(nrows+1)/2 entries.










		 
		c1
		c2
		c3



		r1
		1
		2
		3



		r2
		2
		4
		5



		r3
		3
		5
		6







<MatrixData units="arbitrary" nrows="3" ncols="3" form="symmetric" values="integer">
        <RowRefs>r1 r2 r3</RowRefs>
        <ColRefs>c1 c2 c3</ColRefs>
        <Matrix>
                1 2 3 4 5 6
        </Matrix>
</MatrixData>
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Processes.Radiative


This part of the schema describes radiative processes including spontaneous
radiative decays. Also photoabsorption (AbsorptionCrossSection
and CollisionInducedAbsorptionCrossSection) is represented here.
The other way to describe Collisions between photons and various objects (e.g.,
molecules) is in the Processes.Collisions part.


[image: ../../_images/Radiative.png]

RadiativeTransition



[image: ../../_images/RadTrans.png]
Extension of the PrimaryType. A transition is characterized by its
energy/wavelength (element EnergyWavelength) and following optional attributes and elements:



		mandatory id attribute of type ProcessIDType;


		optional groupLabel attribute of type String, used to indicate arbitrary process groups;


		optional process attribute to reflect if the process is excitation or deexcitation.
This attribute should always be provided and must be provided if other data in the document are associated with a specific direction of transition;


		UpperStateRef of type StateRefType, reference to the upper state of the transition;


		LowerStateRef, reference to the lower state of the transition, type StateRefType),


		SpeciesRef element of type SpeciesRefType, that may be used in place of the previous two
in case of unknown states. All three references may be specified, in that case states should belong
to the molecule/atom, indicated by SpeciesRef.


		list of Probability elements of type RadiativeTransitionProbabilityType.
Different values of probabilities may be due to different multipole orders
(e.g., M1 and E2 may be possible for the same initial and final states).


		ProcessClass element, having similar meaning as in CollisionalTransition and intended to define
a class to which the transition belongs. As an example one can think of marking transitions with resolved
hyperfine structure.


		multiple SatelliteLine elements,


		multiple Broadening elements,


		list of Shifting elements.





WARNING! A note should be taken that the schema has no mean so far to enforce
the energy of the upper state to be higher than the energy of the lower state.
Data producers should take care of it explicitly
and data consumers should rely on that with the notion of the possible error condition.









EnergyWavelength



[image: ../../_images/EnergyWavelength.png]
Extension of the PrimaryType, may contain multiple Wavenumber, Wavelength, Energy
or Frequency elements. Exact nature of parameter must be determined through
Method, with help of PrimaryType‘s method reference.
Method’s Category element takes in this
case values in (experiment, theory, ritz).


Wavenumber, Energy and Frequency elements are each of DataType.


Wavelength element is desribed by wlType. Extending DataType,
it adds following optional elements and attributes:



		boolean vacuum attribute, defaulting to true, indicating if the value is for vacuum wavelength.


		envRef attribute, providing the reference to Environment describing the atmosphere at which the
wavelength was determined.


		AirToVacuum element of DataType, providing the best available conversion multiplier to turn
reported value from air into vacuum wavelength.
This element should be provided if the vacuum attribute has value false.





[image: ../../_images/Wavelength.png]







Probability



[image: ../../_images/Probability.png]
Probability element is defined as the extension of the PrimaryType.
Describes parameters, relevant to transition probability.
Following optional elements are possible, all of DataType if not stated otherwise:



		TransitionProbabilityA - Einstein coefficient, or transition probability.


		OscillatorStrength - Oscillator strength (dimensionless). Whether it is absorption or emission, is
determined from the initial and final states of the transition.


		LineStrength - A symmetric quantity with respect to initial and final states of the
transition.


		WeightedOscillatorStrength - Product of the oscillator strength and statistical weight of the initial
state.


		Log10WeightedOscillatorStrength - [image: Log_{10}] of the WeightedOscillatorStrength.


		IdealisedIntensity - Line intensity under specific conditions. Due to its dependence on plasma
parameters, this is not a universal property of a spectral line and thus
should be used with care.


		Multipole of type MultipoleType - multipole order of a radiative transition (electric or magnetic).
It is a string with the first upper-case symbol E or M followed by one or more digits,
and the first digit cannot be 0.


		EffectiveLandeFactor - Effective Lande factor, line intensity coefficient for magneto-sensitive atomic lines.





if any of the probability data of a transition apply to a specific direction of transition
(e.g. the weights in the WeightedOscillatorStrength can differ between absorption and emission depending
on the degeneracies of the upper and lower states), then the direction of the transition must be indicated by
setting the process attribute in the RadiativeTransition element. In this case, it may sometimes be necessary
to write two RadiativeTransition elements, one for absorption and one for emission.









SatelliteLine



SatelliteLine element is used to keep properties of atomic optical electron satellite lines:


[image: ../../_images/SatelliteLine.png]
Multiple SatelliteLine elements may be specified, with three optional child elements:



		DielectronicIntensityFactor


		CollisionalIntensityFactor


		BranchingRatio





each of DataType.









Broadening



[image: Broadening element]
Each broadening element has



		name attribute, that must contain one of the names from Lineshapes dictionary


		envRef attribute, referencing the specific Environment conditions,
for example, for collisional broadening.


		one or more Lineshape elements, with their respective parameters.





Normally, one broadening record should be created for each broadening mechanism
and for each source (data origin).
Many Lineshape elements allow to represent, for example,
processing of the same experimental data with different lineshapes.
Usually, there will be only one Lineshape element.







Lineshape



[image: Lineshape element exploded]
Lineshape in turn also has



		optional name attribute from Lineshapes dictionary, like Lorentz, Voigt, Doppler, etc.


		optional functionRef attribute of type FunctionRefType, with a reference to a Functions
describing the lineshape. This attribute should be used only in case when the lineshape
used in data fitting is absent in the Lineshapes dictionary


		one or more LineshapeParameter, each representing specific lineshape parameter
as either a constant value or a function of environment parameters












LineshapeParameter



[image: LineshapeParameter element exploded]

		LineshapeParameter


		either FitParameters or Value/Accuracy pair must be specified






		name attribute corresponds to one defined in Lineshapes dictionary for specific lineshape





		Value/Accuracy elements are the same as in DataType,





		FitParameters, of type FitParametersType, that allows representation of this parameter as a function of environment parameters, for example:


<Broadening envRef="Eair-broadening-ref-env" name="pressure">
        <Lineshape name="Lorentzian">
                <Comments>The temperature-dependent pressure broadening
                Lorentzian lineshape</Comments>
                <LineshapeParameter name="gammaL">
                        <FitParameters functionRef="FgammaL">
                                <FitArgument units="K" name="T">
                                        <LowerLimit>240</LowerLimit>
                                        <UpperLimit>350</UpperLimit>
                                </FitArgument>
                                <FitArgument units="atm" name="p">
                                        <LowerLimit>0.</LowerLimit>
                                        <UpperLimit>1.2</UpperLimit>
                                </FitArgument>
                                <FitParameter name="gammaL_ref">
                                        <SourceRef>BHIT-B_HITRAN2008</SourceRef>
                                        <Value units="1/cm">0.0635</Value>
                                        <Accuracy>0.003175</Accuracy>
                                </FitParameter>
                                <FitParameter name="n">
                                        <SourceRef>BHIT-B_HITRAN2008</SourceRef>
                                        <Value units="unitless">0.75</Value>
                                        <Accuracy>0.15</Accuracy>
                                </FitParameter>
                        </FitParameters>
                </LineshapeParameter>
        </Lineshape>
</Broadening>












Where function FgammaL is defined as follows:


<Function functionID="FgammaL">
        <Comments>This function gives the pressure- and
        temperature-dependence of the Lorentzian component of the
        pressure-broadened line width (HWHM)</Comments>
        <Expression computerLanguage="Fortran">
                gammaL_ref * p * (296./T)**n
        </Expression>
        <Y name="gammaL" units="1/cm"/>
        <Arguments>
                <Argument name="T" units="K">
                        <Description>The absolute temperature, in K</Description>
                </Argument>
                <Argument name="p" units="atm">
                        <Description>The partial pressure of the broadening species,
                                                        in atm</Description>
                </Argument>
        </Arguments>
        <Parameters>
                <Parameter name="gammaL_ref" units="1/cm">
                        <Description>The Lorentzian HWHM of the line, broadened at
                                Tref = 296 K and broadening species partial pressure
                                pref = 1atm</Description>
                </Parameter>
                <Parameter name="n" units="unitless">
                        <Description>
                                The temperature exponent of the gammaL function
                        </Description>
                </Parameter>
        </Parameters>
</Function>















Shifting



[image: Shifting element exploded]
Line shifting is defined by name and/or envRef attributes.
In case of linear collisional shifting, only environment is sufficient.


ShiftingParameter element is defined the same way as broadening LineshapeParameter,
it is either value or function of environment parameters.


Example of a Shifting definition:


<Shifting envRef="Eair-broadening-ref-env">
        <ShiftingParameter name="delta">
                <FitParameters functionRef="Fdelta">
                        <FitArgument name="p" units="atm">
                                <LowerLimit>0.</LowerLimit>
                                <UpperLimit>1.2</UpperLimit>
                        </FitArgument>
                        <FitParameter name="delta_ref">
                                <SourceRef>BHIT-B_HITRAN2008</SourceRef>
                                <Value units="unitless">-0.001</Value>
                                <Accuracy>0.1</Accuracy>
                        </FitParameter>
                </FitParameters>
        </ShiftingParameter>
</Shifting>













AbsorptionCrossSection



Among with RadiativeTransition elements, Processes.Radiative processes block
has an AbsorptionCrossSection element which allows the description of
absorption cross-section data and vibrational bands assignment in case of complex molecules.


[image: AbsorptionCrossSection child elements]

		Description, X and Y elements, derived from the SimpleDataTableType
describe cross-section data in tabular form,
where X can be absorbed radiation frequency, wavelength or wavenumber
in a form of a list of values ( DataList ) or a sequence ( LinearSequence ).
Y then represents a sequence of sigma values.


		optional envRef attribute allows to point to the Environment relevant to the data.
One example would be to use it to describe absorption of some gases mixture.


		mandatory id attribute of type ProcessIDType should contain a unique process reference id,


		optional groupLabel attribute may contain an arbitrary group label string,


		optional Species element may have StateRef and/or SpeciesRef child elements, indicating species or specific states,
to which crossection data applies.


		optional BandAssignment elements allow to indicate specific vibrational modes in cross-section data.





[image: CrossSection BandAssignment element]





Example cross-sections record



Warning: DataList is truncated for clarity, originally it contains 880 space-separated numbers.
You may see the original element in schema examples (tests/valid/azulene-working.xml).


<CrossSection id="PCtest01">
        <SourceRef>B_NIST1</SourceRef>

        <Description>The IR transmittance cross section of azulene from the NIST
        Standard Reference Data Program Collection</Description>

        <X parameter="wavenumber" units="1/cm">
                <LinearSequence count="880" initial="450." increment="4"/>
        </X>
        <Y parameter="sigma" units="arbitrary">
                <DataList count="880">
                        0 85 94 .. 102
                </DataList>
        </Y>

        <Species>
                <SpeciesRef>X-CUFNKYGDVFVPHO-UHFFFAOYAT</SpeciesRef>
                <StateRef>SX_Azulene-1</StateRef>
        </Species>

        <BandAssignment name="2v1+v2">
                <BandCentre>
                        <Value units="1/cm">410</Value>
                        <Accuracy>2</Accuracy>
                </BandCentre>
                <BandWidth>
                        <Value units="1/cm">40</Value>
                        <Accuracy>5</Accuracy>
                </BandWidth>
                <Modes>
                        <DeltaV modeID="V1">2</DeltaV>
                        <DeltaV modeID="V2">1</DeltaV>
                </Modes>
        </BandAssignment>
        <BandAssignment name="3v4+2v5">
                <BandCentre>
                        <Value units="1/cm">1657</Value>
                        <Accuracy>10</Accuracy>
                </BandCentre>
                <BandWidth>
                        <Value units="1/cm">120</Value>
                        <Accuracy>15.5</Accuracy>
                </BandWidth>
                <Modes>
                        <DeltaV modeID="V2">3</DeltaV>
                        <DeltaV modeID="V3">2</DeltaV>
                </Modes>
        </BandAssignment>
</CrossSection>















CollisionInducedAbsorptionCrossSection



This element allows to describe absorption cross-sections for short-living complexes
created by collisions (e.g. N2-N2 or He-H2). Similar to the AbsorptionCrossSection description,
it extends the SimpleDataTableType in the following way:



		Description, X and Y elements, derived from the SimpleDataTableType
describe cross-section data in tabular form,
where X can be absorbed radiation frequency, wavelength or wavenumber
in a form of a list of values or a sequence.
Y then represents a sequence of sigma values.


		two mandatory SpeciesRef elements of SpeciesRefType containing a reference
to the species creating a molecular complex.


		optional envRef attribute allows to point to the Environment relevant to the data.
It can give, for example, the environment temperature.


		mandatory id attribute of type ProcessIDType should contain a unique process reference id,


		optional groupLabel attribute may contain an arbitrary group label string,





[image: CollisionInducedAbsorptionCrossSection child elements]





Example collision-induced cross-sections record



<CollisionInducedAbsorptionCrossSection envRef="EHIT-512" id="PHIT-CIA-0">
        <Description>The collision-induced absorption cross section
        for He-H at 1500.0 K</Description>
        <X parameter="nu" units="1/cm">
                <LinearSequence count="10951" initial="50.000000" increment="1.000000"/>
        </X>
        <Y parameter="alpha" units="cm5">
                <DataFile>He-H_1500.0K_50-11000.alpha</DataFile>
        </Y>
        <SpeciesRef>XHIT-SWQJXJOGLNCZEY-UHFFFAOYSA-N</SpeciesRef>
        <SpeciesRef>XHIT-YZCKVEUIGOORGS-UHFFFAOYSA-N</SpeciesRef>
</CollisionInducedAbsorptionCrossSection>
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Processes.Collisions


The element Collisions of the Processes branch,
defined by CollisionsType, contains one or more CollisionalTransition elements.



CollisionalTransition



The complex element CollisionalTransition provides:



		the physical information to fully describe any
collision involving photons, atoms, ions, molecules and elementary particles such as
electrons or photons, and any particle solid interaction (PSI)
- reaction process type
- reactants
- intermediate states if known
- threshold if applicable


		the numerical data, either in a tabulated form or described by a fit function, or both,
in DataSet elements.





[image: ../../_images/CollisionalTransition1.png]
Element CollisionalTransition, defined by type CollisionalTransitionType,
extends PrimaryType, adding following attributes and elements:



		mandatory id attribute of type ProcessIDType,


		optional groupLabel attribute of type String, used to indicate arbitrary process groups;


		optional element ProcessClass defined by type ProcessClassType, that allows to
define groups (classes) to which process belongs. See the referenced paragraph ProcessClass
for the complete description.


		mandatory list of Reactant elements, defined by SpeciesStateRefType,
having two or more elements,


		optional list of IntermediateState elements, defined by SpeciesStateRefType.


		optional list of Product elements, defined by SpeciesStateRefType.
Reactants, intermediate states and products are defined by references to species or to states,
or both of them, using SpeciesRef (StateRefType) and StateRef (SpeciesRefType) elements.
See Species chapter for a full description of all possible states.


		optional Threshold element, of DataType, giving the reaction threshold, i.e. the minimum energy required to initiate a reaction.
This kind of data is needed in using data such as rate coefficients.


		optional BranchingRatio element of DataType. In case of chemical reactions with the same set of
reactants and different products, this element may be used to indicate the relative probability of reaction.
The sum of all BranchingRatio values for a given set of reactants must be equal to 1.


		mandatory DataSets element, that provides numerical data for a specific reaction.
It is an unbounded sequence of DataSet elements, therefore different datasets may be provided for
the same reaction.  Datasets differ at this level by their dataDescription attribute, such as
rate coefficients or cross sections for collisions,
reflection coefficients or mean penetration depth for PSI data, etc.












ProcessClass



[image: ../../_images/ProcessClass.png]
ProcessClass block is used to characterize process by the group to which it belongs,
for example to indicate a chemical reaction, inelastic collision or hyperfine transition.
Main element ProcessClass has the following optional child elements:



		UserDefinition for arbitrary string description of process,


		list of Code elements, defined by CodeType, identifying the process
using XSAMS-specific 4-letter XSAMS Process Codes.
Taking examples for common processes, excitation has one value exci and dissociative
recombination has two values diss and reco.


		list of IAEACode elements, defined by IAEACodeType, identifies the process
using IAEA DCN codes from [IAEAProc]. The initial purpose of IAEA codes was the development of
search engines for atomic and molecular data. Processes, represented with a
three-letter code, are classified in four categories: electron collisions,
photon collisions, heavy particle collisions and particle surface interactions












DataSet



[image: ../../_images/DataSet.png]
Element DataSet, defined by type DataSetType, provides numerical
data as tabulated data ( TabulatedData element)
or as the parameters values and validity limits of a fit function
(FitData element).  The fit function is defined
in the Functions branch.
DataSet element has the following elements and attributes:



		string attribute dataDescription specifying the type of data in dataset.
Possible values are:
		crossSection


		collisionStrength


		rateCoefficient


		probability


		effectiveCollisionStrength


		sputteringYield


		sputteredEnergyCoefficient


		particleReflectionCoefficient


		energyReflectionCoefficient


		meanPenetrationDepth


		energySpectrum


		massSpectrum


		braggCurve








		optional list of FitData elements


		optional list of TabulatedData elements





Data are therefore fit data or tabulated data or both. Data may originate from different sources or
be produced using different methods, but must refer to the same data quantity,
defined in the dataDescription.
For different quantities, use separate DataSet elements.









FitData



[image: ../../_images/FitData.png]
The FitData element of type FitDataType
gives all data necessary to calculate the numerical output
using a fit function. Function reference should be given in the functionRef attribute of
FitParameters element. Validity limits of the arguments (x1, x2...) and the fit parameter values
are also provided there.


To complete the description, the fit accuracy, the physical
uncertainty and the data production date may be reported.


Extending PrimaryType, FitData defines following elements:



		mandatory FitParameters element, defined by FitParametersType,
fully describing the set of parameters needed to calculate function value;


		optional FitAccuracy string element, filled in free format,


		optional ProductionDate element of type xs:date, that may keep the production date of the fit.


		optional list of Evaluation elements, defined by EvaluationType allowing to mark recommended datasets












TabulatedData



[image: ../../_images/TabulatedData.png]
Extending the base SimpleDataTableType, it adds the elements
ReferenceFrame, ProductionDate and Evaluation (see
description of FitData element for definitions).







ReferenceFrame



For numerical data depending on such parameters as energy or velocity, it is important to know
in which frame this dependence is calculated. The possible values of the element ReferenceFrame
are:



		CenterOfMass


		LaboratoryFrame


		TargetFrame
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Open-shell, asymmetric top molecules: asymos



[image: ElecStateLabel]






		Element:		asymos:ElecStateLabel






		Attributes:		None.






		Description:		ElecStateLabel is a label identifying the electronic state.






		Restrictions:		
		string.
















[image: elecSym]






		Element:		asymos:elecSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		elecSym is the symmetry species of the electronic wavefunction described by some symmetry group..






		Restrictions:		
		string.
















[image: elecInv]






		Element:		asymos:elecInv






		Attributes:		None.






		Description:		elecInv is the parity of the electronic wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system..






		Restrictions:		
		‘g’ or ‘u’.
















[image: S]






		Element:		asymos:S






		Attributes:		None.






		Description:		[image: S] is the quantum number associated with the total electronic spin angular momentum, [image: \boldsymbol{S}].






		Restrictions:		
		non-negative integer or half-odd integer.
















[image: v_i]






		Element:		asymos:vi






		Attributes:		mode: a positive integer, identifying the normal mode that this quantum number is associated with.






		Description:		[image: v_i] is the vibrational quantum number associated with the [image: \nu_i] normal mode.






		Restrictions:		
		non-negative integer.
















[image: vibInv]






		Element:		asymos:vibInv






		Attributes:		None.






		Description:		vibInv is the parity of the vibrational wavefunction with respect to inversion through the molecular centre of mass in the molecular coordinate system..






		Restrictions:		
		‘s’ or ‘a’.
















[image: vibSym]






		Element:		asymos:vibSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		vibSym is the symmetry species of the vibrational wavefunction, in some appropriate symmetry group.






		Restrictions:		
		string.
















[image: J]






		Element:		asymos:J






		Attributes:		None.






		Description:		[image: J] is the quantum number associated with the total angular momentum excluding nuclear spin, [image: \boldsymbol{J}].






		Restrictions:		
		non-negative integer or half-odd integer.
















[image: N]






		Element:		asymos:N






		Attributes:		None.






		Description:		[image: N] is the quantum number associated with the total angular momentum excluding electronic and nuclear spin, N: [image: \boldsymbol{J} = \boldsymbol{N} + \boldsymbol{S}].






		Restrictions:		
		non-negative integer.
















[image: K_a]






		Element:		asymos:Ka






		Attributes:		None.






		Description:		[image: K_a] is the rotational quantum label of an asymmetric top molecule, correlating to [image: K] in the prolate symmetric top limit.






		Restrictions:		
		non-negative integer.  * [image: K_a \le N].  * [image: K_a + K_c = N \;\mathrm{or}\;N + 1].
















[image: K_c]






		Element:		asymos:Kc






		Attributes:		None.






		Description:		[image: K_c] is the rotational quantum label of an asymmetric top molecule, correlating to [image: K] in the oblate symmetric top limit.






		Restrictions:		
		non-negative integer.  * [image: K_c \le N].  * [image: K_a + K_c = N \;\mathrm{or}\;N + 1].
















[image: rotSym]






		Element:		asymos:rotSym






		Attributes:		group: the symmetry group to which this species belongs.






		Description:		rotSym is the symmetry species of the rotational wavefunction, in some appropriate symmetry group.






		Restrictions:		
		string.
















[image: I]






		Element:		asymos:I






		Attributes:		nuclearSpinRef: a label identifying the group of nuclear spins coupled to one another to form a total nuclear spin angular momentum.






		Description:		[image: I] is the quantum number associated with the total nuclear spin angular momentum: [image: \boldsymbol{I} = \boldsymbol{I_1} + \boldsymbol{I_2} + \cdots] where nuclei [image: 1, 2, \cdots] have individual nuclear spin angular momenta [image: \boldsymbol{I_1}, \boldsymbol{I_2}, \cdots].






		Restrictions:		
		non-negative integer or half-integer.
















[image: F_j]






		Element:		asymos:Fj






		Attributes:		
		nuclearSpinRef: a label identifying the nuclear spin being coupled to   [image: \boldsymbol{J}] or [image: \boldsymbol{F_{j-1}}] to form an intermediate   angular momentum;  * [image: j]: an integer label identifying the order of the hyperfine coupling  .









		Description:		[image: F_j] is the intermediate angular momentum quantum number associated with the coupling of the nuclear spin angular momentum of nucleus [image: j] to the intermediate angular momentum: [image: \boldsymbol{F_1} = \boldsymbol{J} + \boldsymbol{I_1}] or [image: \boldsymbol{F_j} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}]; [image: \boldsymbol{F_j}] is often not a good quantum number.






		Restrictions:		
		non-negative integer or half-integer.
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		Element:		asymos:F






		Attributes:		nuclearSpinRef: a label identifying the nuclear spin being coupled to [image: \boldsymbol{J}] or [image: \boldsymbol{F_j}] to form the total angular momentum.






		Description:		[image: F] is the quantum number associated with the total angular momentum including nuclear spin: [image: \boldsymbol{F} = \boldsymbol{J} + \boldsymbol{I_1}] if only one such coupling is resolved, [image: \boldsymbol{F} = \boldsymbol{F_{j-1}} + \boldsymbol{I_j}] if two or more such couplings are resolved.






		Restrictions:		
		non-negative integer or half-integer.
















[image: r]






		Element:		asymos:r






		Attributes:		name: a string identifying this ranking index.






		Description:		[image: r] is a named, positive integer label identifying the state if no other good quantum numbers or symmetries are known.






		Restrictions:		
		positive integer.
















[image: parity]






		Element:		asymos:parity






		Attributes:		None.






		Description:		parity is the total parity: the parity of the total molecular wavefunction (excluding nuclear spin) with respect to inversion through the molecular centre of mass of all particles’ coordinates in the laboratory coordinate system, the [image: \hat{E}^*] operation.






		Restrictions:		
		‘[image: +]‘ or ‘[image: -]‘.
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