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1 A universal data format for Ion Beam Analysis
1.1 Original publication and credits

The first original publication on the IDF is co-authored by N.P. Barradas, M. Mayer, and M. Thompson. It is published in the Proc. of the 20th International Conference of Ion Beam Analysis as "A new ion beam analysis data format, N. P. Barradas, M. Mayer, M. Thompson, Nucl. Instrum. Methods Phys. Res. B 268 (2010) 1824–1828". This is the reference that should be cited whenever referring to the IDF.
Many comments were received from different people, in particular Miguel Reis, who contributed in defining the needs of PIXE data, and Chris Jeynes, Edit Szilágyi, and Endre Kótai.

1.2 Current version

The current version is v1.02, released 12 March 2013.

1.3 IDF open source DLL package

An open source IDF software package has been released [
]. Both source code and a DLL are available from the IDF URL [
].

1.4 Changes relative to the previous version (1.01)
1.4.1 Changes in the schema

The schema suffered the following changes:
· In the "attributes" tag, the new tags "code" and "version" have been introduced at the end.

· It is now specified in the schema that the tags "users" and "notes" can also be extended with other namespace tags. 
· area and volume quantities were added together with their units
· In the "pointbypointstructure" tag, the tag "element" was renamed to "pbpelement".

· In the "screening" tag, the options now also include universal, Moliere, Lenz-Jensen, Bohr.

· Stopping power for molecules is now better supported with the <targetmolecule> tag in the <stoppingpowers> section of the <process> group. 

· The "targetlayer" tag can now also be given when the simulationtype is reaction, in the process data group.

· The group tags "crosssection" and "stoppingpower" have the extra child tag "mode", that is set to data, file, or override, according to the option used.

1.4.2 IDF dimension tags

A number of new tags was introduced to assist the user in detemining dimensions of arrays. In the previous IDF version, many arrays did not have an explicit dimension, and the user would need to determine by their own means this dimension.Note that these are not intended to be in the input, they are intended to be determined from the input for later ease of use. Explicit dimension tags were introduced, in all cases the new child tag "n" was added in the following structures:

-
"idf_users" This affects the group tag "idf_usersnotes" where it counts the number of "user" and  "note". All tags are affected since all tags can have the "idf_usersnotes" group tag.

-
"idf_notes" This affects the group tag "spectra" where it counts the number of "spectrum"

-
"idf_spectra" This affects the group tag "spectra" where it counts the number of "spectrum"

-
"idf_layers". This affects the group tags "foillayers" which appears in several groups: "stoppingfoil", "beamfoil", "startfoil", "stopfoil", "entrancewindow", "detectorlayers"

-
"idf_slits" This affects the group tags "slitsbeforesample", "slitsaftersample"

-
"idf_detectorefficiencies". This affects the group tag "detectorefficiencies"

-
"idf_resolutionparameters". This affects the group tag "resolutionparameters"

-
"idf_detectorresolutions". This affects the group tag "detectorresolutions"

-
"idf_calibrationparameters". This affects the group tag "calibrationparameters"

-
"idf_energycalibrations". This affects the group tag "energycalibrations"

-
"idf_reactionlist". This affects the group tag "reactionlist"

-
"idf_dataentries". This affects the group tag "complexdata" and all tags that use that group

-
"idf_simulations". This affects the group tag "simulations"

-
"idf_pointbypointstructure". This affects the group tag "pointbypointstructure" where it counts the number of "pbpelement"

-
"idf_pbpelement ". This affects the group tag "pbpelement" where it counts the number of "pbp"

-
"idf_layerelements". This affects the group tags "layerelements" in "layer", which is used by "deadlayer", "layeredstructure", "foil", "tof", "detector"

-
"idf_layermolecules". This affects the group tags "layermolecules" in "layer", which is used by "deadlayer", "layeredstructure", "foil", "tof", "detector"

-
"idf_crosssections". This affects the group tag "crosssections"

-
"idf_updatetimes". This affects the group tag "updatetimes"

Note that these dimension tags are not meant as inputs. They do not need to be present in the IDF file. They are created when reading the IDF file with the DLL routine provided. They are meant to assis the user in discovering what are the dimensions of the arrays created by the DLL, that contain the data structure with the contents of the IDF file that was read. If they are present in the IDF file, the DLL will ignore them, and will instead derive from the IDF file what the actual dimensions are. The DLL also does not write them when creating an output IDF file.

· All these changes were included in the documentation.

1.4.3 Changes in the documentation
The following changes were made to this document:

· All the changes mentioned in the previous section were included in the documentation.

1.5 Previous changes relative to the original  version (1.0)

1.5.1 Changes in the schema

The schema suffered the following changes:

· realtime, livetime and deadtime are now of type timevalueType, before they were of type xs:duration which is the standard XML description of a duration i.e. a period of time.

· The element "description" of type xs:string was introduced in the data group "sample", just after the "users" and "notes" data groups.

· The  type timevaluespreadType was created, as an extension to the timevalueType with the additional attribute "mode".

· The element toftimeresolution is now of newly created timevaluespreadType type.

· The new elements "energyminimum" and "energymaximum" of type "energyvalueType" were introduced in the "crosssection" data group, just after the "crosssectiontype" element.

1.5.2 Changes in the documentation
The following changes were made to this document:

· This section 1.2 was created.

· The reference for the original paper is given.

· realtime, livetime and deadtime are now stated to be of type timevalueType.

· The element "description" in the data group "sample" is documented.

· The element toftimeresolution is now documented as having the attribute "mode", given that it is a resolution.

· The new elements "energyminimum" and "energymaximum" of type "energyvalueType" were introduced in the "crosssection" data group, just after the "crosssectiontype" element.

· The usage of the element "calibrationion" is clarified.

· The usage of the element "resolutionion" is clarified.

· The units "particle Coulomb" (and related) for "fluence" are now better explained.

· The units "relative" for "concentration" is now better explained.

· The data group "elementsandmolecules", and its relation to the datagroups "layerelements" and "layermolecules" in  is now better explained.

· The relationship between the datagroups "layerelements" and "layermolecules" in  is now better explained.

· It is now specified that the units used for concentration, in a given descritpion of the sample structure, must be consisten, i.e., the same unit must be used for all concentration values. Units shall not be mixed.
· It is now made clear that the decimal separator for floating point numbers must be a dot '.'.

1.6 Introduction

Data acquisition systems and data analysis codes all implement different formats to represent and store the data, the experimental conditions, any analysis parameters, the description of the sample, and others. Data acquisition systems normally support specific (sometimes proprietary) formats, and experimentalists often convert these to their own favourite formats. Popular codes developed their own data formats to read and write all this information. This is a strong barrier against interchange of data between people from different laboratories, or that use different set-ups to measure their data, different computers to store their data, and different data analysis programs to analyse their data.

We propose and describe a new IBA data format, that aspires to support all forms of IBA data in a well defined simple format permitting easy exchange between sites and analysis programs. Its main characteristics should be: 1) It can be read and understood by inspection of the file, i.e. it is ASCII. This implies it is portable amongst all hardware platforms, and it is self-explanatory 2) It is flexible enough to cater to all IBA data needs, so a file entry can correspond to one given sample, or to a group of similar samples, or to one experimental run, or it may contain simulations only, or anything else that the user may need. 3) It is easily extendable; while the most commonly used features are already included in the new data format, new needs are easy to accommodate. For instance, most data analysis codes use similar layered sample descriptions, but the codes treat roughness or equation overlays in different non-equivalent ways; code-specific entensions to the basic data format are allowed, solving this problem.

The International Atomic Energy Agency sponsored a review of existing codes for IBA data analysis, and then an intercomparison exercise of the different codes [
,
]. In the first meeting of the IAEA Intercomparison of IBA Software exercise [
], that took place in December 2003, it was already recognised the need for an IDF, and also that XML [
] fulfilled the desired characteristics. A final decision to establish the IDF was taken when the development of a universal IBA data format became the first milestone of the European Commission-supported SPIRIT [
] Integrated Infrastructure Initiative, which integrates 11 leading European ion beam facilities from six member states and two associated states.

A similar approach was taken by the NeXus International Advisory Committee, that develops NeXus, an XML-based common data format for neutron, x-ray, and muon science [
]. The possibility of integrating IBA-specific requirements in NeXus was considered, as NeXus is being developed since 1994 by a large group of developers and users and offers many software facilities. This was discarded because NeXus is oriented towards instruments, i.e. experimental facilities, which are notoriously different in IBA and in the neutron and x-ray scattering world; to establish an IBA extension to NeXus, each separate IBA instrument would have to be defined and submitted to the NeXus International Advisory Committee (NIAC) for revision and ratification, which is a process that typically takes years, even not considering that the NIAC holds no IBA experise.
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Tttp: /v w3 0rg/2001/XMLSchemarinstance” xmins="http:/idf schemas itn pt "
xsi-schemal ocation="http:/fidf schemas itn.pt D/NDF/Nuno/IBA_IDF/idf1 xsd">

<attributes>

<sample>
<users>
<notes>
<elementsandmolecules>
<structure>
<spectra>
<spectrum>
<log>
<emvironment>
<beam>
<users></users>
<notes></notes>
<beamparticle>4He</beamparticle>
<beamZ>2</beamZ>

<beammass units=
<beamenergy quartit
<beamenergyspread ="energy” mode=
<beamfluence units="puC">1</beamfluence>
<beamcurrent units="nA">1</beamcurrent>
<beamangularspread units="degree” mode="FWHM">1</beamangularspread>
<beamshape>
<shape>square</shape>
<11 quantity="length" units
<12 quantity="Tength" uni
<Ibeamshape>
<Ibeam>
<geometry>
<instrument>
<detection>
<calibrations>
<reactions>
<data>
<process>
<Jspectrum>
<Ispectra>
<Isample>
<idf>

nergy” units: 1000 </beamenergy>

mm>1<A11>
mm>1</12>

"keV">1 </beamenergyspread>




Fig. 1. IDF file almost fully collapsed; only the "beam" data group is expanded. Not all options and possibilities are included.

1.7 The IBA Data Format general philosophy
The extensible mark-up language (XML) was developed by the World Wide Web Consortium (W3C) to structure, store, and transport data. Although often associated with the internet, XML is by no means a specific internet language, and there are many non-internet XML applications.
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Fig. 2. Part of the IDF schema that defines the element “spectrum”

In particular, XML has no pre-defined tags (keywords to carry specific information). In fact, the IDF is an XML schema, that is, a definition of all the elements (also called tags) allowed, how they are structured, which information they can contain, and how it can be extended. A given file is an IDF file if it is validated against the IDF schema. The schema contains no specific information about any experiment; it just defines the structure of the IDF files. In fact, the IDF schema is the definition of the IDF data format.

For instance, we show in Fig. 1 an IDF file, where most elements are collapsed and their content is not shown. The only elements that are fully expanded are those that define the beam (note that in a complex case, the “beam” group would include definition of foils, slits, charge state distribution, and others). We show in Fig. 2 the part of the IDF schema that defines the element “spectrum”, which normally will contain all the experimental conditions as well as the spectrum as such, and also any data processing made, such as a fitted curve together with any scattering cross sections or stopping powers used in the calculation (and will not contain information about the sample structure, reserved for the element “structure” defined elsewhere). This element “spectrum” structures the relevant information in daughter (higher-level) elements such as "beam", "geometry", "data", or “process”. Each one of these is defined elsewhere in the schema, and contains further elements in a structured well-defined way. Note that not all tags defined in the schema need to be in the IDF file.

With this example in mind, the general philosophy of IDF is:

-
The basic elements of IDF are data items and data groups. Data items are e.g. “layerthickness”, or “concentration”; these data items can be real numbers, integer, or even text (e.g. “geometrytype” can be “IBM”, “Cornell”, or “general”). Data groups are logically organised (e.g. “geometry”, “stoppingpowers”, or “structure”), and can contain other data groups as well as data items.

- The information is structured as a tree. Each data group is a node of the tree. Standard tree parsing methods can be applied. The root element is always “idf”.

- The elements appear, inside the group to which they belong, in fixed order that must be respected. These pre-defined elements support most, but not all, IBA needs. However, all elements are optional, they need not appear. The apparent complexity of the data groups does not in fact exist in normal cases and simple experiments.
- Each data group can start with the elements “users” and “notes”. The group “users” should be for information on e.g. sample owner, experimentalist, data analyst. 

- Any number of non-IDF elements can be inserted in any data group, at the end. They are clearly identified with a prefix, that is unique to each specific code or user that wishes to have their own elements. For instance, all NDF specific tags will be identified with the prefix “NDF:”. This maks the IDF fully flexible and extensible. 
- All elements that describe a quantity have as mandatory attribute “units” (e.g. “keV”, “nm”, “1e15at/cm2”). Units must be given!
- All elements that describe a quantity have as optional attributes “quantity” (e.g. “energy”, “thickness”, arealdensity”), “uncertainty”,  “uncertaintyA” and “uncertaintyB” for types A and B, respectively, and  “uncertaintyplus” and  “uncertaintyminus” for the upper and lower limits, respectively.
- All elements that decribe a spread have as mandatory attribute “mode”, which can be “FWHM”, “sigma”, or “variance”.
- Not all units are allowed, since it would lead to severe parsing problems by software. For each quantity, only certain units are allowed. This is described in full below.

- The IDF structures data and information with top level tag “sample”; all the information relating to one given sample is given, including structure, any spectra measured (which can be more than one, or even none if it is a pure simulation), all experimental conditions for the different measurements, all calculations and simulations. In an IDF file, there can be any number of “sample” entries. 
- Information about some specific data groups can be given under a top level tag "repository". For instance, different beams can be defined, or different geometries. These can then be referenced from within a given "sample" data group. This allows for conciseness, as information on the experimental conditions does not need to be repeated for each sample measured. A full explanation is given below.

1.8 Extensibility

As said above, any number of non-IDF elements can be inserted in any data group, at the end. They are clearly identified with a prefix, that is unique to each specific code or user that wishes to have their own elements. For instance, all NDF specific tags will be identified with the prefix “NDF:”. This maks the IDF fully flexible and extensible.

In XML, extensibility is provided by the schema, that can allow (or forbid) elements not defined in the schema to be included in the instance files. In IDF, this is allowed, but the new elements must be defined in a separate, user-defined, schema. That is, user-specific tags must be defined in a user-specific schema, which is then referred to in the instance file. For instance, to include NDF-specfic tags, the root element “idf” becomes

<idf

 xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"

  xsi:schemaLocation="http:/idf.schemas.itn.pt idfv1.xsd http://ndf.schemas.itn.pt ndfv1.xsd"
 xmlns="http:/idf.schemas.itn.pt"

 xmlns:idf="http:/idf.schemas.itn.pt"
 xmlns:ndf=”http:/ndf.schemas.itn.pt ">

The second line (xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance") is required by XML, so that the XML expression “xsi:schemaLocation” can be used in the third line (xsi:schemaLocation=" http:/idf.schemas.itn.pt idfv1.xsd http:/ndf.schemas.itn.pt ndfv1.xsd").

In this third line, we associate to the IDF file two schemas: the standard IDF schema idfv1.xsd, and the schema for NDF, ndfv0.xsd. Note that each of these schemas comes with an associated Uniform Resource Identifier (URI, which is a string that identifies an internet resource; the most common URI is the Uniform Resource Locator (URL) which identifies an internet domain address). URIs are used because they are unique; they are a way to uniquely identify one group of elements. The URI associated to a given schema does not even need to actually exist, it just needs to be unique. However, it is common to give in the URI documentation and information related to the schema.

The fourth line (xmlns="http:/idf.schemas.itn.pt") serves to define that all tags that do not have user-specific prefixes belond to the IDF schema.

The fifth line (xmlns:idf="http:/idf.schemas.itn.pt") says basically the same as the fourth, but it explicitly defines the “idf” prefix.
The sixth line (xmlns:ndf="http:/ndf.schemas.itn.pt") specifies that the the prefix “ndf” is to be used for all tags that belong to the NDF schema.

This leads, for instance in calculation 25 of the IAEA intercomparison, that requires code-specific straggling options, to have:

[image: image5.png]<?xml versi encoding="UTF-8"2>
<idf xminsxsi="http://www 3. 0rg/2001/XMLSchema-instance” xmins="http:/fidf schemas itn.pt " xmins ndf="http://ndf schemas itn.pt
xsi‘schemal ocation="http/idf schemas itn pt D\NDF\Nuno\IBA_IDF\idfv1 xsd http://ndf schemas itn pt D\NDF\Nuno\IBA_IDF\ndfv0 xsd">
- <users>
- <notes>
- <attributes>
- <sample>
| <users>
| <notes>
| <elementsandmolecules>
| <structure>
| <spectra>
: <spectrum>
: <notes>
: <beam>
: <geometry>
: <detection>
: <calibrations>
: <reactions>
‘ <process>
: <physicsdefaults>
: <simulations>
: <ndf straggling>
: <ndf stragglingdefault>
<ndf stragglingfactor units="none">1.</ndf stragglingfactor>
<ndf stragglingoffset units="keV">0.</ndf stragglingoffset>
: <ndf stragglingmodel>
<ndfcode>wdepth</ndF code>
: <ndfwdepthparameters>
<ndfwdepthfile>26 dpt</ndFwdepthfile>
<ndfwdepthenergylevel units="none">0</ndf wdepthenergylevel>
<IndFwdepthparameters>
<Indstragglingmodel>
<Indstragglingdefaut>
<Indstraggling>
<ndf doublescattering>normal</nd doublescattering>
<Jprocess>
<Ispectrum>
<Ispectra>
<Isample>
<lidf>





Fig. 3. Part of the IDF file created by NDF for calculation 25 of the IAEA intercomparison exercise, including NDF-specific tags, identifid by the prefix NDF. (Note that the schema location is not the same as descrive above, because to produce the figure we used local files.)

1.9 Quantities and units
The decimal separator for floating point numbers must be a dot '.', not a comma ',' or any other symbol.
Accepting all possible units for all quantities would lead to a nearly impossible task of supporting and converting different sets of units. Instead, a reduced set of units for each quantity was defined as standard in IDF. On top of these, all quantities can be given with units “other”, “arbitrary”, “none”.  The IDF standard accepted units are (u stands for micro):

time

s

ms 
us

ns

density

g/cm3

1e22at/cm3
pressure 

atm

bar

mbar

Torr

mTorr

mmHg
Pa
temperature

C

K

solid angle

sr

msr

srad

msrad

angle

degree

rad

mrad
fluence

uC (electrical mico Coulomb)
puC (particle micro Coulomb)
C

pC (particle Coulomb)
uCoulomb

puCoulomb (particle micro Coulomb)
Coulomb

pCoulomb (particle Coulomb)
#particles
note: particle micro Coulomb is the actual fluence, in micro Coulomb, divide by the charge state of the beam. It is thus directly proportional to the actual number of particles that hit the sample. Suppose 10 C for a 4He+ beam. The fluence is 10 particle C. But suppose it is for a 35Cl5+ beam. Then the  10 C correspond to 2 particle C.
current

nA

nAmpere

Ampere

mass

amu

g

kg

charge

q

stopping power

eV/A

keV/A

MeV/A

eV/Angstrom

keV/Angstrom

MeV/Angstrom

eV/nm

keV/nm

MeV/nm

eV/um

keV/um

MeV/um

eV/cm

keV/cm

MeV/cm

eV/m

keV/m

MeV/m 
eV/(ug/cm2)

keV/(ug/cm2)

MeV/(ug/cm2)

eV/(mg/cm2)

keV/(mg/cm2)

MeV/(mg/cm2)

eV/(1e15at/cm2)

keV/(1e15at/cm2)

MeV/(1e15at/cm2)

cross section

barn

b

mbarn

mb

cm2

rr (ratio to Rutherford) 
cm2/mg

cm2/ug

cm2/(1e15at/cm2)
concentration

at%

mol%

wt%

ug/g (microgram per gram)

fraction

relative
note: "relative" units can be used in cases where, for instance, the concentration ratios between some of the elements present are known, but not for all elements. Suppose that it is known that Si and O exist in the ratio 1 : 2,  and that there is an unknown amount of the dopant Er. Then this can be specified by using relative units. Also, even if the concentration of all elements is known, relative units can used to specify the concentrations in a "natural" notation, for instance Si 1 O 2 for SiO2, instead of 0.333 and 0.667 (at%).
energy 

eV

keV

MeV
eV^2 (for energy spread given as variance)

keV^2 (for energy spread given as variance)

MeV^2 (for energy spread given as variance)
areal density 
ug/cm2

mg/cm2
1e15at/cm2
thickness, length
A

Angstrom

nm

um

mm

cm

m
Note quantities that describe the sample structure, thickness of foils, can be given both as areal density and as thickness.
area

A2

Angstrom2

nm2

um2

mm2

cm2

m2
fraction
volume

A3

Angstrom3

nm3

um3

mm3

cm3

m3

fraction

yield

counts

counts/(uCmg/cm2) (counts per micro Coulomb per  miligram per squared centimetre)

counts/(uC1e15at/cm2)

counts/(uCug/cm2)

efficiency

fraction

relative
energy calibration parameters

any of the basic energy units, i.e. eV, keV, MeV, alone or combined with /channel, or /channel^N where N is any integer. So, for instance

eV

keV/channel

eV/channel^2

MeV/channel^3

are all allowed
resolution parameter

any of the basic energy units, i.e. eV, keV, MeV, alone or combined with ^-N where N is any integer. So, for instance

keV

MeV^-1

eV^-2

none

are all allowed

atomic level

IUPAC notation is followed, for instance

K

L1

M3

and so on

atomic transition

IUPAC notation is followed, for instance

K-L3

L1-O3

M4,5-N2,3

L2-N6(7)

and so on.
1.10 Definition of angles

[image: image6]
In this picture,  is the angle of incidence,  the scattering angle, and  the exit angle. We define that  must be between 0° and 90°,  must be between  0° and 180°,  must be between 0° and 180°, with values above 90° indicating transmission through the sample.
2 IDF URL, documentation, and distribution
2.1 URL

The URL that uniquely identifies the IDF is 

http://idf.schemas.itn.pt
In this URL, the schema for the IDF can be found. It comprises two files, idfv1.xsd, and idfunitsv1.xsd.

2.2 Documentation

Besides this document, two more word documents are included; these are documentation on the schema (one document for each file), generated automatically by the XML editor we used. The files are IDF documentation v1 XMLSpy.doc and IDF documentation v1 XMLSpy units.doc.
2.3 Examples

At this moment, two example files are given in the IDF URL. The first includes practically all the options possible in the IDF (when alternatives exist, some of the options are commented out), so it actually does not correspond to any sample or experiment. It is useful as reference only. The file is

testsmallwb1.xml

The second  corresponds to calculation 25 of the IAEA intercomparison of IBA software, as made with NDF. The file is
IAEA25_NDF.xml

We plan to prepare more files corresponding to the other calculations and analyses of real data that were presented in the IAEA intercomparison.

3 Description of the IDF structure
Sentences in green italics are comments about a given group of entries. Green cursive text describes the contents of a given tag. Here, only the mandatory attributes are shown (without value). Optional attributes are not shown.
In some cases, the user must choose one of two or more options. This is clearly marked in the following description with the code word "OPTION", and "END OF OPTION" to mark where the description of the alternatives is given.

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

xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

xmlns="http://idf.schemas.itn.pt" 

xsi:schemaLocation="http://idf.schemas.itn.pt D:/NDF/Nuno/IBA_IDF/idfv1.xsd"> this is the root element of the IDF data format. It includes technical information on the schema and namespace URI used, that we ommit here for clarity. Note that in this example we used for convenience a local file, and not the schema file located in the URL.

<users> every single group of tags can start with the group “users”, where information on e.g. sample owner, experimentalist, data analyst can be given. Any number of tags “user” can be given. We will omit this group from most of this description
for the sake of conciseness.


<n> not intended as input, see 1.3.2 </n>



<user> name of user, such as sample owner, experimentalist, data analyst </user>

</users>

<notes>every single group of tags can have the group “notes” just after the group “users”, where any information or comments can be given. Any number of tags “note” can be given. We will omit this group from most of this description
for the sake of conciseness


<n> not intended as input, see 1.3.2 </n>



<note> any text </note>

</notes>

<attributes> these are attributes of the IDF file


<idfversion> version of IDF that this file conforms to </idfversion>


<filename> name of the IDF file </filename>


<createtime> Date file was created in XML format: 2002-05-30 or 2002-05-30T09:00:00</createtime>


<updatetimes> any number of “updatetime” tags can be given.



<n> not intended as input, see 1.3.2 </n>




<updatetime> Date file was updated </updatetime>


</updatetimes>


<code> code used to generate this IDF file </ code >


<version> version of the code used to generate this IDF file </ version >

</attributes>

<sample> The IDF allows two basic ways of structuring data and information. The first one has as top level tag “sample”; all the information relating to one given sample is given, including structure, any spectra measured (which can be more than one, or even none if it is a pure simulation), all experimental conditions for the different measurements, all calculations and simulations. In an IDF file, there can be any number of “sample” entries.


<users></users>


<notes></notes>


<description>a string describing the sample, for instance "Au on Si sample received from John Smith to determine the Au thickness.</description>


<elementsandmolecules> here, the elements and molecules present in the sample are given. If both “elements” and “molecules” are present, care should be taken to ensure that they are consistent with each other. Furthermore, in IDF files corresponding to samples where the data analysis has already been done, the same elements will also be present in the "structure" data group. Again, care is needed. The purpose of this data group is to specify the elements (and if desired, the molecules) that are present, even before any data analysis has been made. 



<elements> here, one “element” tag is given per element present in the sample




<nelements> number of elements present; redudant with content of “elements” tag </nelements>




<element>





<name> element present, such as 28Si, Si (natural isotopic distribution), or natSi </name>





<density units=" "> density of the element </density>




</element>



</elements>



<molecules> here, one “molecule” tag is given per molecule present in the sample. “molecule” can also be taken to be a single element.The “molecules” group should have complete information about all the sample components, for instance Si 1 O 2, Si, Ti 1 O 2 and Ti could be the “molecule” tags defined.




<nmolecules>number of molecules present; redudant with content of “molecules” tag </nmolecules>




<molecule> one given molecule (or element) is given





<name> molecule present with element name and stoichiometry separated by a white space, e.g. Si 1 O 2; SiO2 not allowed since it would lead to confusions in molecules with specified isotopes such as Si 1 18O 2</name>





<density units=" "> density of the molecule </density>




</molecule>



</molecules>


</elementsandmolecules>


<structure>here the structure of the sample is given (normally this is a result of processing and analysing the data, so it could be in the “process” group below). The normal way of describing a sample structure is a layered description. A second way is the so-called “point by point” profile, in which for each element a table (depth, concentration) is calculated by directly converting the yield in each channel into a concentration. This second method is popular for instance in HI-ERDA



<crystalstructure> text describing the crystalline structure of the sample. This can be overridden layer by layer </crystalstructure>



<layeredstructure> this is the traditional layered structure




<nlayers> number of layers in the sample. Not strictly necessary, since it should match the number of layer entries; if it does not, it is ignored and the number of layer entries should be taken </nlayers>




<layers> contains several “layer” tags, in order of appearance: the first layer entry is the surfacemost layer, the last is the bottommost (substrate) layer. The concentration units must be the same for all elements and molecules in all layers, that is, units cannot be mixed, different units (such as at% and wt%) cannot co-exist





<n> not intended as input, see 1.3.2 </n>






<layer> a given layer






<layerthickness units=" "> layer thickness </layerthickness>






<layeruniformity units=" " mode=" ">uniformity of the layer thicknes</layeruniformity>






<layerdensity units=" "> layer density; this overrides what was given for elements or molecules </layerdensity>






<layerelements> the elements present in the layer are given. Note that, if "layermolecules" is also present, it should describe exactly the same structure. Furthermore, if both are present, then care should be taken to ensure that they are consistent with each other, i.e., that they represent exactly the same quantitative elemental concentrations







<n> not intended as input, see 1.3.2 </n>








<layerelement> one given element present in the layer








<name> element present </name>








<concentration units=""> concentration of the element. The concentration units must be the same for all elements and molecules in all layers, that is, units cannot be mixed, different units (such as at.% and wt.%) cannot co-exist </concentration>







</layerelement>






</layerelements>






<layermolecules> the molecules or logical elements present in the layer are given. If both “layerelements” and “layermolecules” are present, care should be taken to ensure that they are consistent with each other, i.e., that they represent exactly the same quantitative elemental concentrations







<n> not intended as input, see 1.3.2 </n>








<layermolecule>one given molecule present in the laye








<name> logical element (e.g. molecule or element) present </name>








<concentration units=""> concentration of the molecule. . The concentration units must be the same for all elements and molecules in all layers, that is, units cannot be mixed, different units (such as at.% and wt.%) cannot co-exist </concentration>







</layermolecule>






</layermolecules>





</layer>




 </layers>
<equationoverlays> where code-specific equation description of concentrations is to be included </equationoverlays>




<roughness> where code-specific description of roughness
is to be included </roughness>



</layeredstructure>



<pointbypointstructure> this is the second way of giving a sample definition. This can very wel coexist with the layered description; for instance, the layered description may have be used to produce a fit, while nevertheless a point by point yield calculation was performed




<n> not intended as input, see 1.3.2 </n>





<pbpelement> point by point profile for one given element





<n> not intended as input, see 1.3.2 </n>






<elementname> element present </elementname>





<pbp> this is the point by point profile as such, containing the points in the “depth, concentration” table for this element. Each pbpelement can have any number of pbp profiles.






<n> not intended as input, see 1.3.2 </n>







<xaxis>







<axisname>name of the depth axis</axisname>







<axisunit> units of the depth axis </axisunit>






</xaxis>






<xerroraxis> optional







<axisname> name of the depth error axis </axisname>







<axisunit> units of the depth error axis; must be same, %, or fraction </axisunit>






</xerroraxis>






<yaxis>







<axisname> name of the concentration axis </axisname>







<axisunit> units of the concentration axis </axisunit>






</yaxis>






<yerroraxis> optional







<axisname> name of the concentration error axis </axisname>







<axisunit units of the concentration error axis: must be  same, %, or fraction </axisunit>






</yerroraxis>






<x> list of x values </x>






<xerror> optional list of x error values </xerror>






<y> list of y values </y>






<yerror> optional list of y error values </yerror>





</pbp>




</ pbpelement >



</pointbypointstructure>


</structure>


<spectra> as many spectra as desired can be given



<n> not intended as input, see 1.3.2 </n>




<spectrum> here one spectrum (experimental and all calculations based on it) is given, including all experimental conditions.



<log> Log parameters such as real and live time are often useful in the calculation of effective charge, as well as of pile-up



 
<realtime> real time, in IDF time units specified by the user</realtime>



 
<livetime> live time, in IDF time units specified by the user </livetime>



 
<deadtime>dead time</deadtime>




<starttime> time at which the experiment started in XML date/time format e.g. 2002-05-30T09:00:00</starttime>



 
<stoptime> time at which the experiment ended in XML date/time format </stoptime>




</log>




<environment>“temperature” and “pressure” are not very useful parameters. The “environment” group is here so users who have special requirements have a place to introduce user-specific environment-related tags.





<temperature units=" "> temperature during experiment </temperature>





<pressure units=" "> pressure during experiment </pressure>




</environment>




<beam> the “beam” group includes things that respect to the beam before it hits the sample, so including any slits and foils located before the sample





<beamparticle> full isotope should be specified e.g. 4He </beamparticle>





<beamZ> atomic number of beam particle, this is redudant with beamparticle </beamZ>





<beammass units=" "> atomic mass of beam particle </beammass>



 

<beamenergy units=" "> initial beam energy; for RNRA, NRP, PIGE, and techniques where the beam energy is scanned, this tag should be left unused </beamenergy>





<beamenergyspread units=" " mode=" "> initial energy spread of the beam </beamenergyspread>





<beamchargestate> this is the initial beam charge state before the beam hits any foils or the sample. It can be a single value or a distribution. As many beamcsstate entries are given as charge states of the initial beam. The fraction needs not be normalised






<n> not intended as input, see 1.3.2 </n>







<x> list of charges for which charge state fractions will be given </x> 







<xerror> optional error in charges for which charge states will be given. </xerror>






<y> list of fractions of charge states given </y> 







<yerror> optional error in fractions of charge states give </yerror>





</beamchargestate>





<beamfluence units=" "> total accumulated beam fluence (usually known as charge)</beamfluence>





<beamcurrent units=" "> average beam current during the experiment </beamcurrent>





<beamangularspread units=" " mode=" "> initial angular spread of the beam </beamangularspread>





<beamshape> this is the beam shape before any slits; if no slits are specified, this is the final beam shape, otherwise the slits must be considered






<shape>initial shape of the beam, the options are “square”, “circular”, “rectangular”, “elliptical”, “other”. If it is “other”, then l1 and l2 lose meaning. If it is circular or square, only l1 is needed, l2 is ignored</shape>






<l1 units=" "> dimension of beam (e.g. side or diameter) in the plane defined by the normal to the sample and the incident beam propagation axis, in the direction normal to the incident beam propagation. In this direction, the beam spot becomes l1/cos(angle of incidence) </l1>






<l2 units=" "> dimension of beam in the orthogonal plane, in the direction normal to the incident beam propagation </l2>





</beamshape>





<slitsbeforesample> any slits that are placed before the sample (to guide or to define the beam) are given here.






<n> not intended as input, see 1.3.2 </n>







<slit> one given slit. The order is not important, the relative position of slits is given by the “slitdistancetosample” tag.







<slitshape> defines the shape of the given slit








<shape> shape of the slit as seen by the beam, the options are “square”, “circular”, “rectangular”, “elliptical”, “other”. If it is “other”, then l1 and l2 lose meaning. If it is circular or square, only l1 is needed, l2 is ignored.</shape>








<l1 units=" "> dimension of slit (e.g. side or diameter) in the plane defined by the normal to the sample and the incident beam propagation axis, in the direction normal to the incident beam propagation </l1>








<l2 units=" "> dimension of slit in the orthogonal plane, in the direction normal to the incident beam propagation </l2>








<l3 units=" "> dimension of slit in the direction of beam propagation </l3>







</slitshape>
 


 



<slitdistancetosample units=" "> distance between the slit and the sample </slitdistancetosample>






</slit>





</slitsbeforesample>





<beamfoil> if the beam crosses a foil before hitting the sample, it is given here.






<foildistancetosample units=" "> distance between the foil and the sample </foildistancetosample>






<foillayers> a layered description similar to the sample is adopted.







<n> not intended as input, see 1.3.2 </n>








<layer>one given layer of the foil As many layers as wanted can be given








<layerthickness units=" "> thickness of layer </layerthickness>








<layeruniformity units=" " mode=" "> uniformity of layer thickness </layeruniformity>








<layerdensity units=" "> density of layer </layerdensity>








<layerelements>









<layerelement>










<name> element present in the layer </name>










<concentration units="%"> concentration of the given element </concentration>









</layerelement>








</layerelements>







</layer>






</foillayers>





</beamfoil>




</beam>




<geometry>The experimental geometry is defined here as it pertains to scattering; the normal parameters considered in codes are used here, plus the definition of the spot in the sample. Further details on the geometry are found in the beam and instrument entries





<geometrytype>ype of geometry. Options are: Cornell, IBM, and general. If IBM or general is specified, then a given exit angle must be specified. If Cornell is specified, then the exit angle is ignored</geometrytype>






<incidenceangle units=" "> angle of incidence from sample normal. Must be between 0º and 90º </incidenceangle>






<scatteringangle units=" "> scattering angle. Must be between 0º and 180º. </scatteringangle>






<exitangle units=" "> angle of exit from sample normal. Must be between 0º and 180º, with values above 90º indicating transmission geometry </exitangle>






<spot> defines the beam spot on the sample






<shape>shape of the beam spot on the sample, the options are “square”, “circular”, “rectangular”, “elliptical”, “other”. If it is “other”, then l1 and l2 lose meaning. If it is circular or square, only l1 is needed, l2 is ignored </shape>







<l1 units=" "> dimension of spot of beam in the sample (e.g. side or diameter) in the plane defined by the beam propagation axes (in and out)</l1>







<l2 units=" "> dimension of spot of beam in the orthogonal plane </l2>






</spot>





</geometry> 





<instrument> here are the things that pertain to the instrument understood as the accelerator, beam line, experimental chamber, and the such





<ionsource> text describing the ion source </ionsource>






<accelerator> text describing the accelerator </accelerator>






<beamline> text describing the beamline</beamline>






<chamber> text describing the experimental chamber</chamber>






<sampleholder> text describing the sample holder</sampleholder>





</instrument> 





<detection>here are the things that pertain to the detection as such, i.e. after the detected beam leaves the sample, including stopping foils and slits after the sample, and the detector as such





<slitsaftersample> any slits located between the sample and the detector can be given here






<n> not intended as input, see 1.3.2 </n>







<slit> one given slit located between the sample and the detector. Definition as for the slits before the sample







<slitshape>









<shape> </shape>









<l1 units=" "></l1>









<l2 units=" "></l2>









<l3 units=" "></l3>








</slitshape>








<slitdistancetosample units=" "></slitdistancetosample>







</slit>






</slitsaftersample>






<stoppingfoil> Taken as any foil between the sample and the detector. In a E-deltaE detector, this could be used to describe the deltaE part






<foildistancetosample units=" "> distance between foil and sample </foildistancetosample>







<foillayers> layer definition as for the sample








<n> not intended as input, see 1.3.2 </n>








<layer>









<layerthickness units=" "></layerthickness>









<layeruniformity mode=" " units=""></layeruniformity>









<layerdensity units=" "></layerdensity>









<layerelements>










<n> not intended as input, see 1.3.2 </n>










<layerelement>











<name> </name>











<concentration units="></concentration>










</layerelement>









</layerelements>








</layer>







</foillayers>






</stoppingfoil>





<detector> description of the detector






<detectortype>type of detector, Options are, but this will need expanding:







SSB - Silicon surface barrier or equivalent







SDD - silicon drift detector







Si(Li)






Ge(Li)







HPGe






ToF - time of flight







EdE - telescope with a foil where a small energy loss serves as particle identifier and a final detector







Bragg - Bragg chamber







MagSpec - magnetic spectrometer







ElSpec - electrostatic spectrometer







other - anything not yet in the list</detectortype>







<solidangle units=" "> solid angle of detector </solidangle>







<detectorshape> Definition as for the slits before the sample This clearly does not cover all possible detector shapes. The detectorlayers data group is more general and should be used if a more accurate definition of the detector is required.







<shape> shape of detector as seen by the beam, the options are “square”, “circular”, “rectangular”, “elliptical”, “other”. If it is “other”, then l1 and l2 lose meaning. If it is circular or square, only l1 is needed, l2 is ignored. </shape>








<l1 units=" "> dimension of detector (e.g. side or diameter) in the plane defined by the sample normal and the beam propagation axis </l1>








<l2 units=" "> dimension of detector in the orthogonal plane </l2>








<l3 units=" "> dimension of active region of detector in the direction of beam propagation </l3>







</detectorshape> 







<deadlayer> description of the detector dead layer. A single layer is introduced.







<layerthickness units=" "> thickness of the dead layer of the (SSB) detector </layerthickness>







<layeruniformity mode=" " units=" "> uniformity of the dead layer of the (SSB) detector </layeruniformity>







<layerdensity units=""> density of the dead layer of the (SSB) detector </layerdensity>







<layerelements> as for the layer definition. As many elements can be given as desired.








<n> not intended as input, see 1.3.2 </n>









<layerelement>









<name> </name>









<concentration units="></concentration>








</layerelement>







</layerelements>






</deadlayer>






<entrancewindow> description of the entrance window of the detector







<n> not intended as input, see 1.3.2 </n>








<layer> one for each layer, in order of appearance; the first layer entry is the surfacemost layer, the last is the layer closest to the detector








<layerthickness units=" "></layerthickness>








<layeruniformity mode=" " units=" "></layeruniformity>








<layerdensity units=" "></layerdensity>








<layerelements>









<n> not intended as input, see 1.3.2 </n>










<layerelement>










<name> </name>










<concentration units=" "></concentration>









</layerelement>








</layerelements>







</layer>







</entrancewindow> 







<detectorlayers> Definition of the detector as a layered structure, for a more general description. As for the sample, with first layer being the top layer first hit by the detected beam.







<n> not intended as input, see 1.3.2 </n>








<layer>









<layerthickness units=" "></layerthickness>









<layeruniformity units=" " mode=" "></layeruniformity>








<layerelements>










<n> not intended as input, see 1.3.2 </n>










<layerelement>











<name> </name>











<concentration units=" "></concentration>










</layerelement>









</layerelements>








</layer>







</detectorlayers>







<tof> Definition of some parameters of Time of Flight detectors







<toflength units=" "> length of the ToF </toflength>








<toftimeresolution units=" " mode=" "> time resolution </toftimeresolution>








<startfoil> Definition of the start foil, as for the sample layered description. First layer is the one first seen by the beam.








<n> not intended as input, see 1.3.2 </n>









<layer>










<layerthickness units=" "></layerthickness>










<layeruniformity units=" " mode=" "></layeruniformity>









<layerelements>











<n> not intended as input, see 1.3.2 </n>











<layerelement>












<name> </name>












<concentration units=" "></concentration>











</layerelement>










</layerelements>









</layer>








</startfoil>








<stopfoil> Definition of the stop foil, as for the sample layered description. First layer is the one first seen by the beam.








<n> not intended as input, see 1.3.2 </n>









<layer>










<layerthickness units=" "></layerthickness>










<layeruniformity units=" " mode=" "></layeruniformity>









<layerelements>











<n> not intended as input, see 1.3.2 </n>











<layerelement>












<name> </name>












<concentration units=" "></concentration>











</layerelement>










</layerelements>









</layer>








</stopfoil>







</tof>

<distancedetectortosample units=" "> distance between detector and sample </distancedetectortosample>






</detector>





<electronics> Definition of some parameters relating to the electronics used






<amplifier> Definition of some parameters of the amplifier used







<amplifiertype> type of the amplifier, can be analogue, DSP (digital signal processor) or other </amplifiertype>







<pulseshape>-pulse of the shape, can be Gaussian, triangular, trapezoidal or other </pulseshape>







<shapingtime units=" "> shaping time of the amplifier, needed for some pileup algorithms, for Gaussian pulseshape </shapingtime>







<risetime units=" "> rise time of the pulse, needed for trapezoidal pulses </risetime>







<flattoptime units=" ">time of the flat top part of the pulse, needed for trapezoidal pulses </flattoptime>







<pur> Whether the pile up rejection system was on, off or did not exist. Options are on, off, none</pur>







<purtime units=" "> characteristic time of the pileup rejection system </purtime>






</amplifier>





</electronics>




</detection>




<calibrations> detector efficiencies and energy calibrations could also be given in the “instrument” group. However, the calibrations depend not only on the instrument, but also on the detected particle.





<detectorefficiencies> the detector can have a given efficiency, that can depend on detected energy and on the detected particle (if more that one particle is detected). These are given here.There may be more than one detector efficiency! If there are multiple ions detected, they may have different eficiency each







<n> not intended as input, see 1.3.2 </n>







<detectorefficiency> Detector efficiency for one given detected particle







<efficiencyion> particle for which the detection efficiency is given; this is only necessary if more than one ion is detected simultaneously </efficiencyion>








<efficiencymode> efficiency can be introduced as a table energy/efficiency, or for given (x-ray) lines in PIXE. Options are “energy” and “line”</efficiencymode>








OPTION 1








<efficiency> This is the first method of giving the efficiency, as a table of energy/value








<n> not intended as input, see 1.3.2 </n>









<xaxis> Definition of the x axis; normally "energy"









<axisname> </axisname>










<axisunit> </axisunit>









</xaxis>









<xerroraxis> Definition of the x error axis; name must be "FWHM", "sigma" or "variance"









<axisname> FWHM, sigma or variance</axisname>










<axisunit> same, %, or fraction </axisunit>









</xerroraxis>









<yaxis> Definition of the y axis; normally "efficiency"









<axisname> </axisname>










<axisunit> </axisunit>









</yaxis>









<yerroraxis> Definition of the x axis; name must be "FWHM", "sigma" or "variance"









<axisname> FWHM, sigma or variance </axisname>










<axisunit> same, %, or fraction </axisunit>









</yerroraxis>









<x>list of x (energy) values</x>









<xerror> list of x error values </xerror>









<y> list of y (efficiency) values </y>









<yerror> list of y (efficiency) error values </yerror>








</efficiency> 








OPTION 2








<lineefficiency>This is the second method of giving the efficiency, as a table of line/value









<n> not intended as input, see 1.3.2 </n>









<xaxis> Definition of the x axis; normally "X-ray line"









<axisname> name of the x axis, normally "xrayline" or similar </axisname>









<axisunit> unit of the x axis, normally "none" </axisunit>








</xaxis>








<yaxis> Definition of the y axis; normally "efficiency"









<axisname> name of the y axis, normally "efficiency"</axisname>









<axisunit> </axisunit>








</yaxis>








<yerroraxis>









<axisname> FWHM, sigma or variance </axisname>









<axisunit>same, %, or fraction </axisunit>








</yerroraxis>








<line> list of line names, e.g. K-L3 or SiKa1 </line>








<y> list of y (efficiency) values </y>








<yerror> list of y (efficiency) error values </yerror>







</lineefficiency>







END OF OPTION






</detectorefficiency>





</detectorefficiencies>





<detectorresolutions> resolution of the detecting system; this can (and normally is) different for different detected particles






<n> not intended as input, see 1.3.2 </n>







<detectorresolution> resolution for one given detected particle







<resolutionion> particle for which resolution is given; this is only necessary if more than one ion is detected simultaneously. This can be a specific isotope (e.g. 4He) or just the atomic symbol (He)</resolutionion> 







<resolutionparameters> any number of values can be given here, to be interpreted as polynomial coefficients on beam energy expressed in the same units as the beam energy, starting with a0, then a1, a2, etc








<n> not intended as input, see 1.3.2 </n>









<resolutionparameter mode="FWHM" units=" "> polynomial coefficient on beam energy expressed in the same units as the beam energy, starting with a0, then a1, a2, etc. Units for first are e.g. keV, for second none, for third keV^-1, etc </resolutionparameter>







</resolutionparameters>






</detectorresolution>





</detectorresolutions>





<energycalibrations> There may be more than one energy calibration! If there are multiple ions detected, they may (and normally do) have different calibration each






<n> not intended as input, see 1.3.2 </n>







<energycalibration> the energy calibration is always given as a polynomial on channel number







<calibrationion> particle for which calibration is given; this is only necessary if more than one ion is detected simultaneously. This can be a specific isotope (e.g. 4He) or just the atomic symbol (He)</calibrationion>







<calibrationmode> calibration mode. The options are “energy”, “PH” if pulse height spectra are considered, “time” for time of flight experiments, and “other”</calibrationmode>







<calibrationparameters> the calibration is given as a polynominal approximation, on channel number; a series of “calibrationparameter” tags has the polunomial coefficients








<n> not intended as input, see 1.3.2 </n>









<calibrationparameter units=" "> polynomial coefficient on channel, starting with a0, then a1, a2, etc. Units for first are e.g. keV, for second keV/channel, for third keV/channel^2, etc </calibrationparameter>







</calibrationparameters>






</energycalibration>





</energycalibrations>




</calibrations>




<reactions> Here the reactions that occurr are listed. For RBS, ERDA, and PIXE, this is not strictly necessary, because the reactions can be deduced from kinematics. For NRA and NRP this is more important, even if some codes may have built-in lists of possible reactions. This could be a good place to specify cross section data to be used. However, conceptually these are separate things. One thing is reactions that occurr and particles detected that make up the data, a different thing is how this data is analysed.





<technique> technique considered, options are: 

RBS - including forward scattering and non-Rutherford elastic scattering

ERDA - no matter what the beam

NRA - for non-resonant i.e. particle-particle reactions, in which a single beam energy is used and an energy spectrum is collected

NRP - for resonant reactions, in which the result is the total yield for normally a sharp resonance, and often an excitation function is measured using a range of initial beam energies. This includes PIGE and RNRA.

PIXE - no matter what the beam

other

This is the main technique. Note however, for instance in ERDA, the forward scattered primary beam can also be detected.</technique>





<reactionlist> all reactions that are of interest are described here. However, e.g.  for RBS, ERDA, and PIXE, in the absence of nuclear reactions,  there is no need to specify the reactions.






<n> not intended as input, see 1.3.2 </n>







<reaction> one given reaction







<initialtargetparticle> target particle hit by the beam. For specific reactions a given isotope (e.g. 28Si) should be used; Si or natSi mean natural isotopic distribution </initialtargetparticle>







<incidentparticle> incident beam particle; This must be the same as beamparticle </incidentparticle>







<exitparticle> particle that is detected </exitparticle>







<finaltargetparticle> final target particle. Note that in e.g. 11B(1H,4He)8Be, both the 4He and the 8Be can be detected. In this case, two different separate reaction entries need to be specified, 11B(1H,4He)8Be and 11B(1H,8Be)4He </finaltargetparticle>







<reactionQ units=" "> reaction heat</reactionQ>






</reaction>





</reactionlist>




</reactions>




<data> There are many different types of data that can be measured, and it is difficult to find a universal representation. The IDF supports most normal types of data and some exotic ones as well





<datamode>The options are:

simple: x, xerror, y and yerror values are entered as lists. Each list is within a single tag. Axis name and units are also given.

line - yield for given lines; the lines are identified by a string, not a number






complex - multimensional table, with any number of variables being a function of any number of variables: y1=f(x1,...,xn), ym=f(x1,...,xn) This can in principle accomodate any type of data, including listmode</datamode>





<channelmode> Values are left, right, middle, other, unknown. This indicates that the channel number gives the left, middle or right edge of a channel. 






Example: With an offset of 0 keV and 1 keV/channel channel #1 is from 1 – 2 keV for left, from 0 – 1 keV for right, and from 0.5 – 1.5 keV for middle.






In the case of non-equidistant energy steps only left and right are allowed, because the original channel edges cannot be reconstructed if only the middle of each channel is given.</channelmode>





OPTION 1





<simpledata>This is the first way of introducing (x,y) data, as a table. First, the x and y axes must be defined with name and units. Second, tthe x and y data are introduced, one at a time, in a single entry







<n> not intended as input, see 1.3.2 </n>







<xaxis>







<axisname> name of the x axis, normally "channel" or similar >







<axisunit> unit of the x axis, normally "#" or "number" or similar</axisunit>






</xaxis>






<xerroraxis> It's hard to see how the channel has an error; this is provided in the IDF for completeness, but in fact, every ADC does have an error in the determination of the channel limits







<axisname> FWHM, sigma or variance </axisname>







<axisunit>same, %, or fraction </axisunit>






</xerroraxis>






<yaxis>







<axisname> name of the y axis, normally "yield"</axisname>







<axisunit> unit of the y axis, normally "counts"</axisunit>






</yaxis>






<yerroraxis>







<axisname> FWHM, sigma or variance </axisname>







<axisunit>same, %, or fraction </axisunit>






</yerroraxis>






<x>list of values</x>






<xerror> list of values </xerror>






<y> list of values </y>






<yerror> list of values </yerror>





</simpledata>





OPTION 2





<complexdata>This is the second way of introducing data. Practically any type of data can be described with this way, from the simple to the very complex, including.multidimensional data This is verbose, but rather general






<datadimensions> Two integer values are needed, the first is n (the number of x variables) the second is m (the number of y dependent variables)







<datadimensionx> number of x variables, excluding"timestamp" and "line"</datadimensionx>







<datadimensiony> number of y variables </datadimensiony>






</datadimensions>






<xaxes> definition of the x axes, one per x variable. Note that error axes must aso be defined explicitly







<axis> One per quantity in order, so its number should match what is in datadimensionx. For listmode, timestamp should be specified since this is standard in XML








<axisname> name of an x axis </axisname>








<axisunit> units of an x axis (not restricted to IDF standard units)</axisunit>







</axis>






</xaxes>






<yaxes> definition of the y axes, one per y variable. Note that error axes must aso be defined explicitly







<axis> One per quantity in order, so its number should match what is in datadimensiony








<axisname> name of an y axis </axisname>








<axisunit> units of an y axis (not restricted to IDF standard units) </axisunit>







</axis>






</yaxes>






<dataentries>a series of dataentry entries. Aspectrum normally consists of many dataentry entries, for instance, a 512 channel RBS spectrum will have 512 dataentry entries. Each dataentry normally has several dataitem entries: one per quantity in order, so its number should match datadimensionx+datadimensiony. Note that "timestamp" and "line" are NOT included in datadimensionx







<n> not intended as input, see 1.3.2 </n>








<dataentry> 









<n> not intended as input, see 1.3.2 </n>









<timestamp> time stamp used in list mode, in XML format e.g. 2003-05-30T09:00:00 </timestamp>









<line> (x-ray or -ray) line for each a yield is given </line>
 







<dataitem> numeric data item, the number of dataitem in a dataentry should match datadimensionx+datadimensiony. </dataitem>

 






</dataentry>







</dataentries>






</complexdata>





OPTION 3





<linedata>This is the third way to introduce data, specific for PIXE. A list of (e.g. xray) lines is given, then a list of the corresponding yields; this can be used e.g. as output of a PIXE code, that takes the spectrum and produces a list of line/yield. Or it can be used to output e.g. a list of the energies corresponding to given lines






<n> not intended as input, see 1.3.2 </n>







<lineaxis>







<axisname> name of the x axis, normally "xrayline" or similar </axisname>







<axisunit> unit of the x axis, normally "none"</axisunit>






</lineaxis>






<yaxis>







<axisname> name of the y axis, normally "yield"</axisname>







<axisunit> unit of the y axis, normally "counts"</axisunit>






</yaxis>






<yerroraxis>







<axisname> FWHM, sigma or variance </axisname>







<axisunit>same, %, or fraction </axisunit>






</yerroraxis>






<line> list of line names, e.g. K-L3 or SiKa1, separated by white spaces. Each white space is taken to separate two line names</line>






<y> list of values </y>






<yerror> list of values </yerror>





</linedata>






OPTION 4





<datafile> This is the fourth way of introducing data, by inputing a given external data file. The filesource can be a given code, or a given lab. The fileformat should be a codeword understood by who created it (e.g. "rbs" for an rbs RUMP file)






<filename>name of the file</filename>






<fileformat> format  of the file </fileformat>






<filesource> source of the file </filesource>





</datafile>






END OF OPTION





</data>





<process> here come the things that relate to the data analysis, including cross sections and stopping powers used, straggling models, simulations made, and anything else





<physicsdefaults> the physicsdefaults data group defines defaults to be used for cross sections, stopping powers, energy spread, etc. They can be overriden for any given simulation






<crosssectiondefault> This defines the dafaults on how to handle cross sections. The defaults can be overridden by inputing given cross sections for given reactions







<Rutherford> logical (true or false), whether Rutherford cross sections are the default or not. “true” only makes sense for RBS and ERDA </Rutherford>








<screening> defines default for screening. Andersen, Ecuyer, universal, Moliere, Lenz-Jensen, Bohr, or none </screening>








<computercode> if a computer code was used to calculate or produce the cross section, its details should be given here








<name> name of the code used </name>









<version> version of the code used </version>









<builddate> build date of the code used in XML format, e.g. 2002-05-30 or 2002-05-30T09:00:00</builddate>









<releasedate> release date of the code used in XML format, e.g. 2002-05-30 or 2002-05-30T09:00:00</releasedate>








</computercode>







</crosssectiondefault>






<stoppingpowerdefault> This defines the defaults on how to handle stopping powers. The defaults can be overridden by inputing given stopping powers for given systems. The main defaults should match the usual codes.







<computercode> if a computer code was used to calculate or produce the stopping power, its details should be given here








<name> name of the code used </name>









<version> version of the code used </version>









<builddate> build date of the code used in XML format, elgl 2002-05-30 or 2002-05-30T09:00:00</builddate>









<releasedate> release date of the code used in XML format, elgl 2002-05-30 or 2002-05-30T09:00:00</releasedate>








</computercode>







</stoppingpowerdefault>







<energyspreaddefault> This data  group is mainly a series of flags that inform where some effect that affect the energy spread of the beam are included in any calculation. Actual calculation requires a series of values taken from different places in the file. The default given here can be overridden for any given ion/target particle combination.







<energylossstraggling> Basic model to calculate energy loss straggling, e.g. Bohr, Chu, Yang, none </energylossstraggling>








<multiplescattering> logical flag, true/false if the effect of multiple scattering on energy spread is to be calculated or not </multiplescattering>








<Dopplereffect> logical flag, true/false if the effect of the Doppler effect on energy spread is to be calculated or not </Dopplereffect>








<beamangularspread> logical flag, true/false if the effect of the beam angular spread on energy spread is to be calculated or not </beamangularspread>








<geometricspread>









<beamsize> logical flag, true/false if the effect of the finite beam size on energy spread is to be calculated or not </beamsize>









<detectoraperture> logical flag, true/false if the effect of the finite detector aperture size on energy spread is to be calculated or not </detectoraperture>








</geometricspread>








<Tschalareffect> logical flag, true/false if the Tschalar effect is to be calculated or not </Tschalareffect>








<computercode> if a computer code was used to calculate or produce the energy spread, its details should be given here








<name> name of the code used </name>









<version> version of the code used </version>









<builddate> build date of the code used in XML format, elgl 2002-05-30 or 2002-05-30T09:00:00</builddate>









<releasedate> release date of the code used in XML format, elgl 2002-05-30 or 2002-05-30T09:00:00</releasedate>








</computercode>







</energyspreaddefault>







<PIXEdefault>PIXE needs a host of parameters that often come from given data bases, data collections, or computer codes. The defaults for PIXE are given in IDF as references to one of these sources, introducing name, builddate and release date. The name can be for instance a given publication, a given database, a given computer code, or anything else that the PIXe community recognises.







<ionizationcrosssections>








<name> </name>








<builddate></builddate>








<releasedate></releasedate>







</ionizationcrosssections>







<Xrayproductioncrosssections>








<name> </name>








<builddate></builddate>








<releasedate></releasedate>







</Xrayproductioncrosssections>







OPTION 1 either totalabsorptioncrosssection or massabsorptioncoeffficient can be used, since both names are common in PIXE







<totalabsorptioncrosssection>








<name> </name>








<builddate></builddate>








<releasedate></releasedate>







</totalabsorptioncrosssection>







OPTION 2







<massabsorptioncoeffficients>








<name> </name>








<builddate></builddate>








<releasedate></releasedate>







</massabsorptioncoeffficients>







END OF OPTION







<fluorescenceyields>








<name> </name>








<builddate></builddate>








<releasedate></releasedate>







</fluorescenceyields>







<costerkroningyields>








<name> </name>








<builddate></builddate>








<releasedate></releasedate>







</costerkroningyields>







<branchingratios>








<name> </name>








<builddate></builddate>








<releasedate></releasedate>







</branchingratios>







<transitionratios>








<name> </name>








<builddate></builddate>








<releasedate></releasedate>







</transitionratios>







<photoelectricionizationcrosssections>








<name> </name>








<builddate></builddate>








<releasedate></releasedate>







</photoelectricionizationcrosssections>







<jumpratios>








<name> </name>








<builddate></builddate>








<releasedate></releasedate>







</jumpratios>







</PIXEdefault>






</physicsdefaults>





<simulations> This data group contains all the simulations made






<n> not intended as input, see 1.3.2 </n>







<simulation>Contains one simulation made







<physics>









<crosssections> everything that relates to cross sections of this simulation should be here, and it will override the default given









<n> not intended as input, see 1.3.2 </n>










<crosssection>here cross sections can be be introduced for one given reaction, either as a file name or as (energy,cross section) tabular data. Both of these override the crosssectiondefault.










<crosssectionframe> frame of reference where cross section is given, cm (for center of mass) or lab (for laboratory)</crosssectionframe>











<crosssectiontype> type of cross section, either total or differential </crosssectiontype>











<energyminimum units=" ">Minimum energy (inclusive) for which this cross section shall be used </energyminimum>











<energymaximum units=" ">Maximum energy (inclusive) for which this cross section shall be used </energymaximum>











<reaction> reaction for which cross section is given. For RBS and ERDA, only the target particle needs be given.











<initialtargetparticle> target particle hit by the beam. For specific reactions a given isotope should be used, otherwise e.g. Si or natSi mean natural isotopic distribution </initialtargetparticle>












<incidentparticle> incident beam particle </incidentparticle>












<exitparticle> particle that is detected </exitparticle>












<finaltargetparticle> final target particle </finaltargetparticle>












<reactionQ units=" "> reaction heat, needed to specify different states of the exit particle </reactionQ>











</reaction>










OPTION 1










<crosssectionfile>This is the first possibile way of inputing a given cross section. Here a given file name containing a cross section can be give











<filename> name of the file </filename>











<fileformat> format of the file (e.g. “r33”, or “other”)</fileformat>











<filesource> text defining where the file comes from </filesource>










</crosssectionfile> 











OPTION 2










<crosssectiondata> this is the second  possible way of inputing a given cross section. Here actual cross section data can be given in full. The x and y axes are defined in the usual way, with optional xerror and yerror axes as well











<n> not intended as input, see 1.3.2 </n>












<xaxis>












<axisname> </axisname>












<axisunit> </axisunit>











</xaxis>











<xerroraxis>












<axisname> </axisname>












<axisunit> </axisunit>











</xerroraxis>











<yaxis>












<axisname> </axisname>












<axisunit> </axisunit>











</yaxis>











<yerroraxis>












<axisname>sigma</axisname>












<axisunit>%</axisunit>











</yerroraxis>











<x>list of numeric entries</x>











<xerror> list of numeric entries </xerror>











<y> list of numeric entries</y>











<yerror> list of numeric entries </yerror>










</crosssectiondata>










OPTION 3










<crosssectionoverride> This is the third possible  way of inputing a given cross section. Here a given model can be given with exactly the same structure as the default, overriding the default











<Rutherford> </Rutherford>











<computercode>












<name> </name>












<version></version>












<builddate></builddate>












<releasedate></releasedate>











</computercode>










</crosssectionoverride>










END OF OPTION









</crosssection>








</crosssections>








<stoppingpowers> everything that relates to stopping powers should be here









<n> not intended as input, see 1.3.2 </n>










<stoppingpower> Stopping powers for one given ion/element or ion/molecule pair will be given, either as a file name or as (energy,stopping power) tabular data. Both of these override the stoppingpowerdefault. 










<ion> ion for which stopping power is given </ion>










<ionchargestate> charge state of ion for which stopping power is given, 0 (or if the tag is absent) will mean equilibrium charge state </ionchargestate>










OPTION 1 










<targetelement> target element for which stopping power is given </targetelement>










OPTION 2










<targetmolecule> target molecule for which stopping power is given. This should conform to what was given in the elementsandmolecules section</ targetmolecule>










END OF OPTION 










<stoppingmode> stopping power mode: electronic, nuclear, or total </stoppingmode> 











OPTION 1 










<stoppingpowerfile> This is the first possibile way of inputing a given stoppingpower. Here a given file name containing a stoppingpower can be given












<filename> name of the file </filename>











<fileformat> format of the file (e.g. “SRIM”, or “other”)</fileformat>











<filesource> text defining where the file comes from. This is not the same as fileformat; fileformat=SRIM specifies a given format, not a specific origin of the file </filesource>










</stoppingpowerfile>










OPTION 2










<stoppingpowerdata> This is the second  possibile way of inputing a given stopping power. Here actual stopping power data can be given in tabulated form using the usual data structure.











<n> not intended as input, see 1.3.2 </n>












<xaxis>













<axisname> </axisname>













<axisunit> </axisunit>












</xaxis>












<xerroraxis>













<axisname> axisname>













<axisunit>fraction</axisunit>












</xerroraxis>












<yaxis>













<axisname> </axisname>













<axisunit> </axisunit>












</yaxis>












<yerroraxis>













<axisname> </axisname>













<axisunit> </axisunit>












</yerroraxis>












<x></x>












<xerror></xerror>












<y></y>












<yerror></yerror>











</stoppingpowerdata>











OPTION 3










<stoppingpoweroverride> This is the third possible  way of inputing a given stopping power. Here a given model can be given, overriding the default











<computercode>













<name></name>













<version></version>













<builddate>0</builddate>













<releasedate></releasedate>












</computercode>











</stoppingpoweroverride>











END OF OPTION









</stoppingpower>









</stoppingpowers>









<energyspreads> everything that relates to energy spread should be here









<n> not intended as input, see 1.3.2 </n>










<energyspread> This group is mainly a series of flags that inform where some effect that affect the energy spread of the beam are included in any calculation. Actual calculation requires a series of values taken from different places in the file. Here one given energy spread will be given, either as a file name or as (energy,energy spread) tabular data. Both of these override the energyspreaddefault











<ion> ion for which energy spread is given </ion>










<ionchargestate> charge state of ion for which energy spread is given, 0 (or if the tag is absent) will mean equilibrium charge state </ionchargestate>










<targetelement> target element for which energy spread is given </targetelement>










< energyspreadmode > energy spread mode: electronic, nuclear, or total </ energyspreadmode > 











OPTION 1 










<energyspreadfile>This is the first possibile way of inputing a given energy spread. Here a given file name containing a energy spread can be given











<filename> </filename>












<fileformat> </fileformat>












<filesource> </filesource>











</energyspreadfile> 











OPTION 2










<energyspreaddata>This is the second possible way of inputing a given energy sprea. Here actual energy sprea data can be given in full using the usual data structure.











<n> not intended as input, see 1.3.2 </n>












<xaxis>













<axisname> </axisname>













<axisunit> </axisunit>












</xaxis>












<xerroraxis>













<axisname> axisname>













<axisunit>fraction</axisunit>












</xerroraxis>












<yaxis>













<axisname> </axisname>













<axisunit> </axisunit>












</yaxis>












<yerroraxis>













<axisname> </axisname>













<axisunit> </axisunit>












</yerroraxis>












<x></x>












<xerror></xerror>












<y></y>












<yerror></yerror>











</energyspreaddata>










OPTION 3










<energyspreadoverride>This is the third way of introducing a given energy spread, by over riding the default with a new model, with exactly the same structure as the default











<energylossstraggling> </energylossstraggling>











<multiplescattering> </multiplescattering>











<Dopplereffect> </Dopplereffect>











<beamangularspread> </beamangularspread>











<geometricspread>












<beamsize> </beamsize>












<detectoraperture> </detectoraperture>











</geometricspread>











<Tschalareffect> </Tschalareffect>











<computercode>












<name></name>












<version></version>












<builddate></builddate>












<releasedate></releasedate>











</computercode>










</energyspreadoverride>











END OF OPTION









</energyspread>









</energyspreads>









<PIXE>The PIXE basic data requirements can be a bit more complicated then for other techniques; IDF allows redefining the entire default for a given simulation, together with entering single data for specific parameters of specific lines and transitions. This leads to a fairly complex structure.









<PIXEoverride> whatever was in the default can be overridden here, by introducing different data bases. The data bases affect all elements.










<ionizationcrosssections>











<name> </name>











<builddate></builddate>











<releasedate></releasedate>










</ionizationcrosssections>










<Xrayproductioncrosssections>











<name> </name>











<builddate></builddate>











<releasedate></releasedate>











</Xrayproductioncrosssections>










OPTION 1










<totalabsorptioncrosssection>












<name> </name>











<builddate></builddate>











<releasedate></releasedate>











</totalabsorptioncrosssection>










OPTION 2










<massabsorptioncoeffficients>











<name> </name>











<builddate></builddate>











<releasedate></releasedate>










</massabsorptioncoeffficients>










END OF OPTION










<fluorescenceyields>











<name> </name>











<builddate></builddate>











<releasedate></releasedate>










</fluorescenceyields>










<costerkroningyields>











<name> </name>











<builddate></builddate>











<releasedate></releasedate>










</costerkroningyields>










<branchingratios>











<name> </name>











<builddate></builddate>











<releasedate></releasedate>










</branchingratios>










<transitionratios>











<name> </name>











<builddate></builddate>











<releasedate></releasedate>










</transitionratios>










<photoelectricionizationcrosssections>











<name> </name>











<builddate></builddate>











<releasedate></releasedate>










</photoelectricionizationcrosssections>










<jumpratios>











<name> </name>











<builddate></builddate>











<releasedate></releasedate>










</jumpratios>









</PIXEoverride>










OPTION 1 either massabsorptioncoeffficients or totalabsorptioncrosssections are given, not both. The structure inside is exactly the same. It will be given only for totalabsorptioncrosssections










<massabsorptioncoeffficients>











structure ommitted, mirrors that of totalabsorptioncrosssections









</massabsorptioncoeffficients>










OPTION 2









<totalabsorptioncrosssections>











<totalabsorptioncrosssection> one given total absorption cross section











<element>target element for which the total absorption cross section is given</ element >











OPTION 1 











<totalabsorptioncrosssectiondatabase> This is the first possible way of inputing a given totalabsorptioncrosssection Here a database can be given












<name> </name>













<version></version>













<builddate></builddate>













<releasedate></releasedate>












</totalabsorptioncrosssectiondatabase>











OPTION 2












<totalabsorptioncrosssectionfile> This is the second possible way of inputing a given totalabsorptioncrosssection Here a given file name containing a totalabsorptioncrosssection can be given












<filename> </filename>













<fileformat> </fileformat>













<filesource> </filesource>












</totalabsorptioncrosssectionfile>











OPTION 3












<totalabsorptioncrosssectiondata> This is the third
possible way of inputing a given totalabsorptioncrosssection. Here actual totalabsorptioncrosssection data can be given in full using the usual data structure












<xaxis>













<axisname> </axisname>













<axisunit> </axisunit>













</xaxis>













<xerroraxis>














<axisname> </axisname>














<axisunit> </axisunit>













</xerroraxis>













<yaxis>














<axisname> </axisname>














<axisunit> </axisunit>













</yaxis>













<yerroraxis>














<axisname> </axisname>














<axisunit> </axisunit>













</yerroraxis>













<x>.</x>













<xerror></xerror>













<y></y>













<yerror></yerror>












</totalabsorptioncrosssectiondata>












END OF OPTION











</totalabsorptioncrosssection>










</totalabsorptioncrosssections>









END OF OPTION










Specific parameters can be introduced for given elements and atomic levels or transitions









<fluorescenceyields>











<fluorescenceyield> any number of fluorescenceyield tags can be under fluorescenceyields











<element> </element>












<level> </level>












<value units=" "></value>











</fluorescenceyield>











<fluorescenceyield>












<element> </element>












<level> </level>












<value units=" "></value>











</fluorescenceyield>










</fluorescenceyields>










<costerkroningyields>











<costerkroningyield>












<element> </element>












<level1> </level1>












<level2> </level2>












<value units=" "></value>











</costerkroningyield>










</costerkroningyields>










<branchingratios>











<branchingratio>












<element> </element>












<level1> </level1>












<level2> </level2>












<value units=" "></value>











</branchingratio>










</branchingratios>










OPTION 1










<transitionratios>











<transitionratio>












<element> </element>












<transition1> </transition1>












<transition2> </transition2>












<value units=" "></value>











</transitionratio>










</transitionratios>









OPTION 2










<linewidths>











</linewidth>












<element> </element>












<transition1> </transition1>












<transition2> </transition2>












<value units=" "></value>











<linewidth>










</linewidths>










END OF OPTION










<photoelectricionizationcrosssections>











<photoelectricionizationcrosssection>












<element> </element>












<level> </level>












<value units=" "></value>











</photoelectricionizationcrosssection>










</photoelectricionizationcrosssections>










<jumpratios>











<jumpratio>












<element> </element>












<level1> </level1>












<level2> </level2>












<value units=" "></value>











</jumpratio>










</jumpratios>









</PIXE>








</physics>







<simulationtype> Several types of simulations can be defined, depending on the “simulationtype” flag:

total: structure of the simulated data is identical to what was specified in the "dataentries" group of the "data" group. In principle, the x entries should be exactly the same as given in the "data" group; and to write them here again is simple redundancy, for the purpose of ease of extracting the simulated data together with the x axes values

partialelement: the structure of the simulated data is similar to what was specified in the "dataentries" group of the "data" group. The x and y axes are exactly the same, but the simulation is for scattering off one single target element. This is useful to output in a simple way the calculate partial spectrum of a given element in RBS or ERDA.In principle, the x entries should be exactly the same as given in the "data" group; and to write them here again is simple redundancy, for the purpose of ease of extracting the simulated data together with the x axes values. If the targetlayer is also specified, then the simulation is for the contribution of the given element in the specified layer only.

reaction: This is the third way to present a simulation. When simulationtype is "reaction", then one given reaction is simulated and presented. This becomes quite independent of the structure given in the "data" group, because the quantities can be all different. Suppose an RBS spectrum given in "data" as channel and total yield. Here, the simulated partial spectrum of one of the elements  is to be presented as energy and elemental yield. Also, this can be used for a pure simulation, even for a complete spectrum; if in "reaction" only the incidentparticle is given, then all reactions are considered to be included.

The calculations as such are introduced with the same options as for the data, i.e. simpledata, linedata, and complexdata</simulationtype>







OPTION The tags initialtargetparticle and targetlayer can be introduced only if simulationtype is "partialelement".







<initialtargetparticle>target particle for which the simulation is made</initialtargetparticle>








END OF OPTION








OPTION The tags reaction, targetlayer, datamode, and channelmode can be introduced only if simulationtype is "reaction".







<reaction>The reaction for which data is presented has to be given. Note that to simply state the detected element for which the simulation is given is sometimes not enough: Suppose for instance coexistence of a (a,p) nuclear reaction and a-ERDA of hydrogen in the sample








<initialtargetparticle></initialtargetparticle>









<incidentparticle></incidentparticle>









<exitparticle></exitparticle>









<finaltargetparticle></finaltargetparticle>








</reaction>








<targetlayer>if given, the simulation is only for the initial target particle in this specific layer</targetlayer>

 





<datamode>The options are:








simple: x, xerror, y and yerror values are entered as lists. Each list is within a single tag. Axis name and units are also given.








line - yield for given lines; the lines are identified by a string, not a number








complex - multimensional table, with any number of variables being a function of any number of variables: y1=f(x1,...,xn), ym=f(x1,...,xn) This can in principle accomodate any type of data, including listmode</datamode>








<channelmode> Values are left, right, middle, other, unknown. This indicates that the channel number gives the left, middle or right edge of a channel. 








Example: With an offset of 0 keV and 1 keV/channel channel #1 is from 1 – 2 keV for left, from 0 – 1 keV for right, and from 0.5 – 1.5 keV for middle.








In the case of non-equidistant energy steps only left and right are allowed, because the original channel edges cannot be reconstructed if only the middle of each channel is given. </channelmode>







END OF OPTION








OPTION 1








<simpledata> This is the first  way of introducing a simulation.








<n> not intended as input, see 1.3.2 </n>









<xaxis>










<axisname></axisname>










<axisunit></axisunit>









</xaxis>









<xerroraxis>










<axisname> </axisname>










<axisunit> </axisunit>









</xerroraxis>









<yaxis>










<axisname></axisname>










<axisunit></axisunit>









</yaxis>









<yerroraxis>










<axisname> </axisname>










<axisunit> </axisunit>









</yerroraxis>









<x></x>









<xerror></xerror>









<y></y>









<yerror></yerror>








</simpledata>







OPTION 2







<complexdata>This is the second way of introducing a simulation. Practically any type of data can be described with this way, from the simple to the very complex, including.multidimensional data This is verbose, but rather general








<datadimensions> Two integer values are needed, the first is n (the number of x variables) the second is m (the number of y dependent variables)









<datadimensionx> number of x variables, excluding"timestamp" and "line"</datadimensionx>









<datadimensiony> number of y variables </datadimensiony>








</datadimensions>








<xaxes> definition of the x axes, one per x variable. Note that error axes must aso be defined explicitly









<axis> One per quantity in order, so its number should match what is in datadimensionx. For listmode, timestamp should be specified since this is standard in XML










<axisname> name of an x axis </axisname>










<axisunit> units of an x axis (not restricted to IDF standard units)</axisunit>









</axis>








</xaxes>








<yaxes> definition of the y axes, one per y variable. Note that error axes must aso be defined explicitly









<axis> One per quantity in order, so its number should match what is in datadimensiony










<axisname> name of an y axis </axisname>










<axisunit> units of an y axis (not restricted to IDF standard units) </axisunit>









</axis>








</yaxes>








<dataentries>a series of dataentry entries. Aspectrum normally consists of many dataentry entries, for instance, a 512 channel RBS spectrum will have 512 dataentry entries. Each dataentry normally has several dataitem entries: one per quantity in order, so its number should match datadimensionx+datadimensiony. Note that "timestamp" and "line" are NOT included in datadimensionx









<n> not intended as input, see 1.3.2 </n>










<dataentry> 











<n> not intended as input, see 1.3.2 </n>











<timestamp> time stamp used in list mode, in XML format e.g. 2003-05-30T09:00:00 </timestamp>











<line> (x-ray or -ray) line for each a yield is given </line>

 









<dataitem> numeric data item, the number of dataitem in a dataentry should match datadimensionx+datadimensiony. </dataitem>

 








</dataentry>









</dataentries>








</complexdata>








OPTION 3







<linedata>This is the third way to introduce a simulation, specific for PIXE. A list of (e.g. xray) lines is given, then a list of the corresponding yields; this can be used e.g. as output of a PIXE code, that takes the spectrum and produces a list of line/yield. Or it can be used to output e.g. a list of the energies corresponding to given lines








<n> not intended as input, see 1.3.2 </n>









<lineaxis>









<axisname> name of the x axis, normally "xrayline" or similar </axisname>









<axisunit> unit of the x axis, normally "none"</axisunit>








</lineaxis>








<yaxis>









<axisname> name of the y axis, normally "yield"</axisname>









<axisunit> unit of the y axis, normally "counts"</axisunit>








</yaxis>








<yerroraxis>









<axisname> FWHM, sigma or variance </axisname>









<axisunit>same, %, or fraction </axisunit>








</yerroraxis>








<line> list of line names, e.g. K-L3 or SiKa1, separated by white spaces. Each white space is taken to separate two line names</line>








<y> list of values </y>








<yerror> list of values </yerror>







</linedata>








OPTION 4







<datafile> This is the fourth way of introducing a simulation, by inputing a given external data file. The filesource can be a given code, or a given lab. The fileformat should be a codeword understood by who created it (e.g. "rbs" for an rbs RUMP file)








<filename>name of the file</filename>








<fileformat> format  of the file </fileformat>








<filesource> source of the file </filesource>







</datafile>








END OF OPTION






</simulation>






</simulations>





</process>




 </spectrum>



 </spectra>


</sample>


<repository> The repository data group is an alternative way structuring the information and data in IDF. This is appropriate when for instance many different samples were measured with the same or similar experimental conditions (as in an experimental run). This way is more concise, as information on the experimental conditions does not need to be repeated for each sample measured. The method is to define independently e.g. all possible “beam” groups, that is, all the different beams to be considered, all possible different “elementsandmolecules”, all possible “geometry” groups, all possible “instrument” groups, all possible “detection” groupss, all possible “detectorefficiency” groupss, all possible “detectorresolution” groups, all possible “energycalibration” groups. Each group is given an unique identifie, an attribute called “id”. Then, for each sample and spectrum, reference back to the appropriate group. This is made with an attribute called “ref” that points to the “id”. In a given sample, both methods are allowed, i.e. , a full definition can be given for some data groups, while referencing a definition given in the repository can be used for other datagroups. The only restriction is that if a datagroup is defined by referencing, then it can not be partially re-defined, i.e. it can contain only the ref="" attribute, and no child elements.


<elementsandmoleculesrepository>




<elementsandmolecules id=" "> 
here a full definition of the elementsandmolecules structure as given above is made. As many elementsandmolecules entries can be given, each one defining one set of values to be referenced in "sample" entries



</elementsandmolecules> 



</elementsandmoleculesrepository>


<beamrepository>



<beam id=" "> 
here a full definition of the beam structure as given above is made. As many beam entries can be given, each one defining one set of values to be referenced in "sample" entries



</beam>


</beamrepository>


<geometryrepository>



<geometry id=" "> 
here a full definition of the geometry structure as given above is made. As many geometry entries can be given, each one defining one set of values to be referenced in "sample" entries



</geometry>


</geometryrepository>


<instrumentrepository>



<instrument id=" "> 
here a full definition of the instrument structure as given above is made. As many instrument entries can be given, each one defining one set of values to be referenced in "sample" entries



</instrument>


</instrumentrepository>


<detectionrepository>



<detection id=" "> 
here a full definition of the detection structure as given above is made. As many detection entries can be given, each one defining one set of values to be referenced in "sample" entries



</detection>


</detectionrepository>


<calibrationsrepository>



<detectorefficiency id=" "> 
here a full definition of the detectorefficiency structure as given above is made. As many detectorefficiency entries can be given, each one defining one set of values to be referenced in "sample" entries



</detectorefficiency>



<detectorresolution id=" "> 
here a full definition of the detectorresolution structure as given above is made. As many detectorresolution entries can be given, each one defining one set of values to be referenced in "sample" entries



</detectorresolution>



<energycalibration id=" "> 
here a full definition of the energycalibration structure as given above is made. As many energycalibration entries can be given, each one defining one set of values to be referenced in "sample" entries



</energycalibration>


</calibrationsrepository>

</repository>


<sample>this is an example of how the repository can be used. the "ref" attribute must point to an "id" attribute with the same name, defined in the repository. Here, only the data groups structure, reactions, data, and process are actually given. Note that, if a reference is made to an id that is not defined in the repository, the file is not valid.


<elementsandmolecules ref=" "/>


<structure>full definition to be given here</structure>


<spectra>



<spectrum>




<beam ref=" "/>




<geometry ref=" "/>




<instrument ref=" "/>




<detection ref=" "/>




<calibrations>





<detectorresolutions>






<detectorresolution ref=" "/>





</detectorresolutions>





</calibrations> 





<reactions> full definition to be given here </reactions>





<data> full definition to be given here </data>





<process> full definition to be given here </process>




</spectrum>


</spectra>

</sample>
</idf>
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