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1. INTRODUCTION

ISIS is the world’s most intense pulsed source of muons and neutrons available for condensed
matter research. The MuSR, EMU and ARGUS spectrometers, together with the DEVA
development beam, make up the ISIS muon facility; the MuSR spectrometer is shown in
Figure 1.1. These instruments are used by researchers from around the world to perform muon

spin rotation, relaxation and resonance (ULSR) experiments.

Cryostat

Figure 1.1 — Diagram of the MuSR Spectrometer at the Muon Facility, ISIS

ISIS is one of a number of facilities around the world that are involved in uSR experiments.
The other principle sources are located at Switzerland (PST), Canada (TRIUMF) and Japan
(KEK). A desire for a common format for uSR data was expressed at a workshop held during
the 1999 International uSR Conference, as it was felt that it would be of great benefit to
researchers who are mobile between facilities and would also assist the exchange of ideas and

software.

Despite having originally been designed for the use with neutron and X-ray experiments, the
flexibility of the NeXus data format makes it equally suitable for storing SR data and opens up
the possibility of sharing software between these user communities. Indeed, since NeXus uses
the freely available Hierarchical Data Format (HDF) (a portable, binary, extensible format that

is self-describing) many general tools are already in existence to manipulate NeXus files.

The work presented in this report explores the use of the NeXus format to store SR data
collected at ISIS. Described are a suite of programs to convert existing ISIS muon binary files
into the new format, carry out analysis using these NeXus files and plot the temperature and
data logs contained within the new file format. In addition, subroutines to read the NeXus files

are described.



1.1 Experiment Data Acquisition

The SR technique involves the implantation of spin polarised positive muons into the sample
and the subsequent monitoring of the time dependence of the decay positron asymmetry (muons
are unstable particles with a lifetime of 2.2us). Detected counts are accumulated during the run
(which typically lasts 1-2 hours), and are sorted by the Data Acquisition Electronics (DAE)
according to the time and detector in which they were measured. At the end of the run the data

is written as a binary data file and automatically copied across to the central data archive.

MCS is the software currently used to control the collection of data and sample environment
equipment for the ISIS muon spectrometers. Prior to run-time, MCS gathers information about
the measurement, including the sample, magnetic field and temperature settings applied to a
particular run. Experiments typically involve carrying out many such runs with varying

physical parameters.

The ISIS muon facility typically carries out 100 different experiments each year, each lasting
about 3-4 days. This activity results in approximately 15000 data files being produced annually,
occupying over 3750 MB of disk storage. In addition, log files are written for each run to record
the variation in time of a number of physical parameters associated with the experiment. At
present this includes the temperature (TLOG) and the number of detected counts over fixed

time intervals (MACQLOG).

1.2 Why choose a different format?

The data files written by MCS currently use a binary format that is unstructured and unique to
ISIS. While adequate in the past, this method of data storage presents a number of obvious
problems for continued use. These include the difficulty of exchanging scientific data between
computing institutions, the problem of adding additional information into the file as the uSR
technique expands and the portability of the data files between operating systems. In addition,
the logged data recorded during an experiment is stored separately to the corresponding run
data file and in a different file format (ASCII). Such an isolation between related data sets is

undesirable.
Specifically a new data format should:

e Bring together all information relevant to an experiment, including temperature, data

and count logs.

e Be portable and platform independent.



Be compatible with other non-uSR techniques to facilitate the sharing of information

and existing programs.
Be based on an industry standard format to take advantage of existing software.

Be self describing, so that any application that can read the format will be able to read

all sections of the data.
Be structured.

Be extensible so that additional information can be added to data files without affecting

the ability of earlier versions of the read routines to read the data files.

Why use NeXus?

NeXus is a data format for the exchange of neutron and X-ray scattering data between facilities

and user institutions. It has been developed by an international team of scientists and computer

programmers from neutron and X-ray facilities around the world. The NeXus format uses the

Hierarchical Data Format (HDF) which is portable, binary, extensible and self-describing.

NeXus defines the structure and contents of these HDF files in order to facilitate the

visualisation and analysis of neutron and X-ray data. In addition, an Application Program

Interface (APT) has been produced to simplify the reading and writing of NeXus files.

The NeXus format should offer the uSR community significant benefits because:

1t provides the opportunity to include a comprehensive description of the experiment
within a single data file. Instrument specific information (e.g. the detector

arrangement), temperature and count log data can all be added.

It is a portable, platform independent data format and therefore data can easily be
moved between different operating systems encouraging users to visit the facility most

suited to their experiment.

It is compatible with other non-uSR techniques, encouraging the sharing of information

and existing programs.
It reduces the need for local expertise.

It reduces the total number of conversion utilities required.



e It reduces redundant software development and enhances co-operation since effort can

easily be shared between institutions.

e It simplifies the development of sophisticated visualisation software since existing

HDF tools can be adapted.

e Itis a binary format enabling efficient storage of the data and allowing the use of the

standard data compression routines built into the format.

e Itis a format that is structured, self-describing and extensible; data can be added to the

files as need arises without affecting the functionality of existing read routines.

Evolving a common USR data format is clearly a desirable objective for the pSR community.
The NeXus 2001 workshop (held at PSI, Switzerland, March 2001) demonstrated that there is
considerable support for the NeXus format from the neutron and X-ray communities and the
upgraded data acquisition system for the ISIS neutron facility will write NeXus files directly
during the experiments. For these reasons we have decided to develop the NeXus format for
storing muon data and as a first step in this process we have created an application to translate

the existing ISIS muon binary data files into the new NeXus format.

This document considers the steps necessary to adapt the NeXus format for use with SR data
and presents an Instrument Definition (essentially a structure for the NeXus file) suitable for the
ISIS muon instruments. The design and use of the conversion utility (Convert_NeXus) is then
presented (chapters 3 and 4). Subroutines have been written in both Fortran 77 and C to read
the muon NeXus data format and a full description of these routines and their use is given
(chapter 5). Finally, example applications to analyse data stored in the muon NeXus format
(UDA_NeXus) and also to plot logged temperature values and counts accumulated (Tmogger)
are discussed (chapters 6 and 7). Chapters 3 onwards are self contained and are designed to be

read independently for information on a particular aspect of the work.
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2. ADAPTING THE NeXus FORMAT FOR uSR
DATA

The initial stage in the development of NeXus format for uSR data required a complete
description of the structure and content of the NeXus file (the Instrument Definition). It would
clearly be very difficult for a common data format to define all possible data items for every
type of muon instrument used in the world. To overcome this, standard Instrument Definitions
for a limited number of generic instruments can be devised; the user need then only know the

type of definition being used to enable many common characteristics to be read.

In September 2000 a draft Instrument Definition was produced, primarily designed for the
muon instruments at ISIS. A NeXus workshop was held at PSI, Switzerland, in March 2001 and
this opportunity was taken to discuss this Instrument Definition with other members of the uSR
community. The meeting concluded that it would be difficult to devise a single Instrument
Definition that would be appropriate to all muon instruments, but instead defined a subset of
essential element names, units, coordinate systems and data types; it was recognised that
laboratories would extend these as required. It was also hoped that certain elements,
unnecessary for every type of uSR experiment but likely to be common in a particular field of
uSR, could be standardised (e.g. histogram resolution in muon Time Differential experiments).
Following the workshop the ISIS muon Instrument Definition was revised to incorporate

suggestions made at the meeting and is now published as version 1.

2.1 ISIS Muon NeXus Instrument Definition

The ISIS muon Instrument Definition is given in the following table. The table shows the
structure and content of the ISIS muon NeXus files and specifies the units, coordinate system
and data types (including the rank of the data types) for each data item. The final column
denotes those data items considered essential elements in a general Instrument Definition for
the WSR community and read routines designed to read only essential items should be able to
read a NeXus SR data file from any laboratory. It is recognised, however, that each laboratory
will want to extend this set of essential data items (this has clearly been done for the ISIS muon
Instrument Definition) and produce a correspondingly enhanced set of read routines. It is
important to realise that our Instrument Definition will evolve with time, with additional data
items added according to need. The read routines published here will, however, continue to read

a subset of the information contained in later versions of the ISIS muon NeXus files.
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Item Description Type E
Nexus File
NeXus_version attribute describing version of NeXus API used to create file Integer *
user attribute denoting scientist who performed experiment String *
Nxentry run
IDF_version version of IDF that NeXus file conforms to Integer *
program_name name of creating program - “MCS” String *
version= attribute — version of creating program String *
number run number Integer *
title string containing sample, temperature and field String *
notes comment from MCS file String *
analysis type of muon experiment - “muonTD” (muon, time differential) String *
lab origin of experiment — “ISIS” (collected at the ISIS facility) String *
beamline particular beamline used for experiment String *
start_time start time and date of measurement String *
end_time stop time and date of measurement String *
duration calculated duration String
switching_states “1” ~ Normal data collection, “2” — Red/Green mode Integer *
NXuser user
name Scientist(s) name String *
experiment_number RB number String *
Additional information may be added it here using the UIF facility
NXsample sample
name sample name String *
temperature temperature setting Float *
units= aturibute, “Kelvin™ String *
magnetic_field magnetic Field setting Float *
units= attribute, “Gauss” String *
shape sample orientation String
magnetic_field_state mode, e.g. “TF’ String ®
magnetic_field_vector vector describing magnetic field orientation Float [ ] *
coordinate_system= attribute, “cartesian” String *
units= attribute, “gauss” String *
environment rig, e.g. “CCR” String *
temperature_log_ 1 link to log of temperature values obtain from . TLOG’ file NXlink
Nxinstrument instrument
name instrument name String *
NXdetector detector
number number of detectors Integer *
orientation detector arrangement, ‘Longitudinal (“I'")” or ‘“Transverse (")’ Character
angles 2D array defining detector positions (see Note 1) Float[]{]
coordinate_system= attribute, “spherical” String
available= attribute *“1” if angles are available, otherwise “0” Integer
deadtimes 1D array of detector deadtime values (see Note 2) Float [ ]
units= attribute, “microseconds” String
available= attribute, ““1” if deadtime values are available, otherwise “0” Integer
NXcollimator collimator
type e.g. “Slits” (not defined in MCS file) String *
aperture e.g. slit setting (not defined in MCS file) String
NXbeam beam
event_log_1 link to log of events obtained from * MACQLOG' file NXlink
total_counts total number of counts Float
units= attribute, “Mev” String
daereads number of readouts from DAE Integer
frames number of 1S1S frames collected Integer
NXdata histogram_data_1 (see Note 3)
counts 2D array of counts: (detector number*swiching_states) vs. bin Integer [ 1] *
units= “counts”; attribute to describe data units String *
signal= “1”; attribute to indicate signal to be plotted Integer *
number= attribute, number of histograms in NXdata group (see Note 4) Integer #*
length= attribute, length of histogram Integer *
t0_bin= attribute, t0 bin value for histograms Integer *
first_good_bin= attribute, first good bin values for histograms Integer *
last_good_bin= attribute, last good bin values for histograms Integer *
offset= attribute giving offset to centre of 1** bin - 0.5%histogram_resolution Float *
units= “picoseconds”; attribute to describe histogram offset units String *
histogram_resolution histogram resolution, set to zero if not applicable Integer *
units= “picoseconds”; attribute to describe resolution units String *
time_zero time zero for muon measuremeants (see Note 5) Integer *
units= attribute, “microseconds” String *
raw_time scale for time axis (raw time) in microseconds Float [ ] ®
axis= “1; fastest varying index Integer *
primary= “1”; raw time is the default Integer *
units= attribute, “microseconds” String *
corrected_time scale for time axis (corrected for ‘histogram_timezero') Float [ ] *
axis= “1”; fastest varying index (2" axis) Integer ®
unjts= attribute, “microseconds” String *

12




grouping 1D array defining grouping for histograms in NXdata (see Note 6) Integer [ ) *

available= attribute, number of groups (“0” if information not available) Integer *

alpha 2D array, alpha, for pairs of groups defined in ‘grouping’ (see Note 7) | Float[]1[] *

available= attribute, number of pairs for which alpha is defined (“0” if not in use) | Integer *
NXlog temperature_log_1 (see Note 8)

name name of log, “sample temperature” String

available= attribute, number of temperature values Integer

values log of temperature values obtained from " TLOG’ file Float [ ]

units= attribute, units of temperature logged “Kelvin” String

time time stamp, seconds from start of run Float [ ]

units= attribute, “seconds” String
NXlog event_log 1

name name of log, “I1S1S beam” String

available= attribute, number of event values Integer

values log of events obtained from * MACQLOG’ file Float [ }

units= attribute, units of events logged “counts” String

time time stamp, seconds from start of run Float [ ]

units= attribute, “seconds” String

* denotes elements that must be contained within any uSR NeXus file

Coordinate systems: Coordinate axes are taken with the z-axis pointing along the beam

direction and the x-axis defined as vertically upwards, the origin is taken to be at the centre of
the spectrometer (the sample position). Cartesian, cylindrical and spherical polar coordinate

systems may be used with angles 0 (rotation about the beam axis) and ¢ (rotation about an axis
perpendicular to the beam direction) increasing for clockwise rotations viewed from the origin

of the coordinate system.

Note 1: 2D array describing detector positions and solid angles. The index of the 1* rank
represents the detector number and the first three elements of the 2™ rank define the position in
the specified coordinate system. The fourth element of the 2™ rank defines the detector solid

angle.

Note 2: The deadtime values for each detector. The values, read from the default deadtime file
‘DT(E)PAR.DAT", are stored as a 1D array where the index represents the detector number.
The attribute ‘deadtimes_available’ should be set to “1” if this information is read successfully,

otherwise “0”.

Note 3: MCS can generate datasets where individual histograms can have different resolutions,
lengths, t0 bins, first good bins and last good bins! In practice this feature is rarely used. For
efficiency, the muon NeXus instrument definition specifies that sets of histograms where these
five parameters are common are grouped into a single NXdata group. Most ISIS muon NeXus

files will therefore contain a single NXdata group.

Note 4: The value of the attribute ‘histogram_number’ should be set equal to the total number
of histograms in the NXdata group. The value should reflect any histogram doubling resulting

from the Red/Green data collection mode.
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Note 5: Not defined in the MCS file, the value should be read from the file ‘BASETIME.UDA’

if this is available in the current directory. The attribute ‘available’ should be set accordingly.

Note 6: If there is a grouping file (‘long.uda’ for longitudinal data and ‘trans.uda’ for transverse
data) in the directory where the NeXus file is being created then this should be used. If this is
not available, the default grouping file corresponding to the current instrument orientation
should be used. A check should be made that the total number of histograms listed in the
grouping file corresponds to the value of ‘histogram_number’ in the NeXus file, with a
mismatch indicating an error. The attribute ‘grouping_available’ should be set equal to the total
number of groups unless grouping information is not available or there is an error condition,
when it should be set to “0”. The grouping is represented as a 1D array with the index
representing the histogram number and the value corresponding to the group into which it

should be placed.

Note 7: The balance parameter, alpha, is given for pairs of groups defined in ‘grouping’. Values
are stored in a 2D array together with the numbers for the forward and backward groups. The
attribute ‘alpha_available’ should be set to the number of alpha values defined or zero if not in

use.

Note 8: NXLOG groups can be added as required for any variables logged during an
experiment. Logged groups should contain a values array and units and a corresponding time

array and units.

2.2 Abstract Model of Instrument Definition

The ISIS Muon Instrument definition is a complete representation of the structure and content
of the ISIS muon NeXus files. Summarised below and in Figure 2.2 are the various external

elements stored in the muon NeXus file:

e Count log files: the counts accumulated over fixed intervals are stored in a MACQLOG
file named according to the run number. This file is converted to a suitable format and

included within the NeXus file.

e User Information Files: Convert NeXus introduces a mechanism for users to include

additional user supplied information in the converted NeXus file.

e Temperature log files: temperature readings are taken at fixed time intervals and stored
in a TLOG file named according to the run number. However, for historic reasons, this

information is frequently spread over several VMS file versions. These versions are

14



collated together by the Convert_NeXus application and included in the NeXus file,

along with the time each temperature reading was taken.

e Instrument Specific File: at present, details of the instrument and apparatus used to
perform an experiment is not stored in the ISIS muon data files. Provision has been
made to include this information within the ISIS muon NeXus files by developing an

Instrument Specific File (ISF) for each of the ISIS muon instruments.

e (Collimator information: this enables the horizontal slit setting to be stored. At present,
however, there is no way of recording this information directly from the experiment
and the information will be included in the ISIS muon NeXus file during the

conversion.

® Grouping information: the summation of histograms most suited to the type and

method of data collection.

e Dead-time information: after a detector counts a positron there is a very short period
when further positrons are missed — the dead-time. In this short interval of time a
number of possible muon decays could have occurred and been missed. Calibration
measurements are regularly carried out to quantify the dead-time for each detector,
these values can then be used to correct data during experiments. The dead-time

information for appropriate spectrometer is incorporated within the ISIS muon NeXus
file.

.

-

Operator
Comrmands
MACQ Feedback Nexus Data
Log
User
II\DIL‘?G)_ Information
o .
: Convert_Nexus User File

Information

Grouping
File

Instruraent
Definition Data

Instrument Raw Data
Specific File File

Figure 2.2 — A Software Engineering Context diagram, denoting the interactions between the terminators

and the Convert_NeXus application.
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2.3 Data Storage using the ISIS Muon NeXus Instrument Defintion

An example ISIS muon NeXus binary data file viewed using the Fortner HDF Browser is
shown in Figure 2.3. The hierachical nature of the data entries can clearly be seen (left most
window pane, labelled ‘30000’), with the entires following the scheme given by the ISIS muon

Instrument Definiton. The remaining window panes show the contents of various data items,

e.g. the array of histogram counts, the array of detector deadtimes and the run note.

ﬁ‘.’ 30000.nxs:1un:histogiam_data_1:counts
e S DRersiond
e <
E o
e 123 o
3 333 H
4 546 0
5 383 ny.
® 173 ol
7 110 .
SR 128 4
8 336 s
Field I 43 ~;|7 — s A :;
i A vila "-_rihiﬁi' | Mo [ Mex |Unite e
;% iﬁm i Joimension 1 1 1] 1000 st
= m detector f Mmsmn2 1 1 32;- E
mber ¥ an‘enslonti 1 1 1] - 8
orenksbon | e 0
deadtimes_avai D e T -
@ 21 0000 by taw) st deleclar. doadtones PoI[s] 23 20
2 v
beam K 1 S <L A Zl = 2 F
&l name = 0030172 s i i B .
= Q) histagrem_data_1 Iz 0032633 CTE oa =
-9 counts E 3 0027811 % % —+
) histogram_resobsior l 4 0.030711 126 ! 2% 0
g 1aw_time 3 57 0,027798 7 g
. giouping_ava;lebie_ '3 2 0.027257 00 1o b MR s Y
- &l grouping = - — — - =1
% £ program_name D R e e 1O X] ) . fE L
i i=H numbert = 3 F |‘I 3 1
- E] we 3 - 5 2 [
- &8 notes Iz - 3 9
Y anaiysts A ) 14 5
= &l stan_tme B M 5 9
£l stop_time s ]
KN SRS R B | [

Ready

Figure 2.3 — Muon NeXus file viewed using the Fortner HDF browser.
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3. CONVERT_NEXUS USER MANUAL

3.1 Introduction — Welcome to Convert_NeXus!

Convert_NeXus is a Fortran 90 application that converts the current ISIS muon data files from
an inextensible binary format into the structured HDF-based, binary NeXus format. This
application has been specially designed to run on the VMS operating system at ISIS, and
conforms to the ISIS muon Instrument Definition version 1 (described in Chapter 2). An
Instrument Definition is a comprehensive description of the structure and contents of a NeXus

file.

3.1.1 Features

Beyond the clear advantages of adopting a common data format, there are a number of other
reasons why it is beneficial to use Convert_NeXus. Of particular value is the ability to include
elements which have previously resided separate to the run data files. A brief description of the
numerous features of Convert_NeXus are listed below and detailed information on the various

options can be found in section 3.4:

e  MACQ Log files — Created separately to the run data files are log files which store the
flow of events from the data acquisition electronics. This information is automatically
selected by Convert_NeXus and included within the NeXus file, along with a

calculated time stamp for each entry in the log file.

e Temperature Log files — During a run, temperature readings are taken at fixed time
intervals and stored in temperature log files. Due to legacy reasons this information is
frequently spread over several versions. These versions are collated together and
included in the NeXus file, along with the calculations of the time at which each

temperature reading was taken.

e Instrument Specific File — Convert_NeXus allows incorporation of information
concerning the Instrument used to perform the experiment. This information principally

consists of detector geometries of the spectrometer.

e  User Information Files — Convert_NeXus introduces a mechanism for users to include
additional information. This would not have been possible with the original binary data

files.
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¢ Collimator Information — At present the collimator type and aperture information are
not electronically recorded during an experiment. However it is possible to include this

information within the NeXus file during conversion.

e Grouping Information — Histograms are usually grouped for analysis. Grouping
information is extracted from an appropriate grouping file that is dependent on the
orientation of the spectrometers detector array. Values for alpha are also obtained from

this grouping file.

e Dead-time Information — Each detector can have a dead-time associated with it, which
is a missed count amendment factor. These dead-times are calibrated periodically and

stored in a dead-time file categorised by instrument.

e TO (Time zero) — Time Zero signifies the exact time of the centre of the muon pulse.
This Time Zero information is taken periodically and stored in a basetime file, which is
where Convert_NeXus, by default, searches for this value. It is also possible for the

user to include their own TO value.

3.1.2 Using this manual

This is a ‘feature oriented’ manual. Each subsection covers a major Convert_NeXus topic. It is
intended to be both as a tutorial introduction to Convert_NeXus and as a reference manual. The

remainder of this section describes why we have chosen to adopt this format.

Section 3.2 describes how to install Convert_NeXus from scratch. This involves compiling
source files and linking to the NeXus API and HDF libraries. This is for the involved

programmer. Read at your peril!

Section 3.3 demonstrates a step-by-step tutorial on how to convert a few example muon data

files into the NeXus format.

Section 3.4 introduces some of the more advanced concepts when using Convert_NeXus. This
chapter is divided into sections, each carefully explaining the available features of

Convert_NeXus and how to utilise them.

Section 3.5 demonstrates how to create a User Information File using UIF_creator, and

illustrates the constituent parts of a User Information File.

Section 3.6 is a trouble shooting guide, which includes hints and tips on the operation of

Convert_NeXus, and describes the system messages that Convert_NeXus produces.
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3.1.3 Why use the NeXus format?

As instrumentation becomes more complex and data visualisation becomes more challenging,
individual scientists, or even institutions, have found it difficult to keep up with new
developments. The introduction of the NeXus format has been designed to alleviate these

difficulties.
There are many advantages of a common format:

e Reduce the need for local expertise — Because different institutions will inevitably store
data using a unique format, the Scientist/Programmer must learn how to obtain
meaningful data from a range of existing data files formats. Producing a standardised

format with standardised notations will help avoid this.

¢ Reduce the number of conversion utilities — To electronically compare and use data
from different institutions requires the conversion of the data files into some common
format. Writing individual tools is not a problem, but with the growing number of
research groups performing experiments we are faced with an explosion of the number

of converters.

¢ Reduce redundant software development — With a common data format, data
visualisation tools could easily be moved between institution reducing the amount of
duplicate software. Establishments can easily share effort to produce increasingly

sophisticated software.

e Increase cooperation in software development — Many techniques of data manipulation
are common in different scientific communities. These communities will be able to

share software solutions to common problems.

e Increased functionality of generic software — NeXus is developed on top of the HDF
format. This means that we can immediately take advantage of the tools already

developed for this format.

Despite having been originally designed for the use with neutron and X-ray data, the flexibility
of the NeXus data format makes it equally suitable for storing uSR data and opens up the

possibility of sharing software between these user communities.
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3.2 Installation Instructions

Convert_NeXus has been specifically designed to run on the Open VMS operating system at
ISIS. To recompile the source code the following files will be required along with a standard

Fortran 90 compiler:

e NXmodule.f90 NeXus API

e  NXUmodule.f90 NeXus utility API

e ISOtime.f90 Exclusively written date and time module
e Command_line_handler.f90 Module to handle command line arguments
e Source_handler.f90 Module to handle MCS file

e ISF handler.f90 Module to handle Instrument Specific Files
e UIF_handler.f90 Module to handle User Information Files

e TLOG_handler.f90 Module to handle TLOG files

e MACQ_handler.f90 Module to handle MACQ files

e Histogram_handler.fo0 Module to handle histogram properties

e Convert_nexus.f90 Main Application

In these instructions it is assumed that the HDF libraries and NeXus API’s are currently
installed. If these are not yet installed please refer to the NeXus Data Format Homepage

(http://www.neutron.anl.gov/nexus/NeXus APILhunl#Install) for detailed instructions.

Step 1 — Compile above files in sequence

Step 2 — Link Convert_Nexus, ISOtime, Tlog_handler, Macq_handler, Uif_handler,
Isf_handler, Command_line_handler, Source_handler, Histogram_handler, NeXus API (where

Nexus Library exists)

See Figure 3.1 overleaf for DEC Fortran 90 compilation instructions on the Open VMS

operating system at ISIS.
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$set verify

$define hdf_root axplib$disk:[4_1r3_alphavms?_1.] ! where you installed HDF, trailing "." is needed
$define nexus_raot usersdisk:[df01.] ! where the nexus library exists

$£90 N¥module.f90

$f90 NXUmodule.f90

| $£30 IS0time.f90

{$£90 command_line_handler

$£90 source_handler

1$f90 isf_handler

$f90 vif_handler

$f90 tlog_handler

| $f90 macg_handler

$f30 histogran_handler

$£90 convert_nexus

$LINK convert_nexus, isotime, tlog_handler,macq_handler,error_handler,uif _handler, isf_handler, command_line_handler,source_handler,
histogram_handler,nexus_root:[nexus]NEXUS/LIB,HDF_RODT:[LIB]MFHDF/LIB,DF/LIB,LIBZ/LIB,LIBJPEG/LIE]

Figure 3.1 — DEC Fortran 90 Compilation Instructions Screenshot

3.3 Getting Started

This chapter introduces the basic concepts of Convert_NeXus, enabling the user to run the

application using minimal effort. More advanced topics are covered in subsequent chapters.

To run the application the user must first initialise the application. This is can be achieved by
typing: “@ muon$disk:[muonmgr.software.utilities. NeXus|NeXus_setup” at the VMS

command prompt (See Figure 3.2).

The above command will execute a command file which will install a suite of Muon NeXus

applications in the user’s current directory. The applications installed are:

e Convert_NeXus — Application which converts ISIS Muon MCS data files into NeXus
format.

e NXbrowse — Open source NeXus file browser.

e NeXus_UDA - uSR Data Analysis program which can interpret ISIS Muon NeXus
files.

o 77 NeXus Reader —ISIS Muon NeXus read routine written in F77 (allows users to
read NeXus data into their own programs).

o (C _NeXus Reader - ISIS Muon NeXus read routine written in C (allows users to read
NeXus data into their own programs).

e  Tmogger — Application which plots temperature and event logs stored in ISIS Muon
NeXus files.

e UIF _creator — Application which produces UIF files for Convert_NeXus.
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It should also be noted that the command file copies across any additional information needed
by these applications including a selection of test data, and will also initialise any logical

variables needed.

We will only concern ourselves with the ‘Convert_NeXus’ application here. For more
information on the other available software please refer to the Muon NeXus homepage

(www.isis.rl.ac.uk/muons/nexus).

To execute Convert_NeXus just type “CONVERT_NEXUS”

il

ARE.UTILITIES. NEXUSINEXUS_SETUP

Alpha versions of software being set up . . .
Copying test data to current directory...

Commands available:
CONVERT_NEXUS ~ Convert Raw data files to NeXus format
NXBROWSE - Browse converted NeXus files
NEXUS_UDA - Data analysis program that can also read Nexus files
F77 _MEXUS_READER - Read Nexus files and output data to screen
C_NEXUS_READER - Read Mexus files and output data to screen
THMOGGER - Plot temperature and event log information from NeXus files
UIF_CREATOR - Create User Information Files for CONVERT_NEXUS application

Figure 3.2 — Muon / NeXus Utilities Screenshot

3.3.1 Choosing a beam-line (location of files)

Once the application is underway, a welcome message appears along with a short menu. A
prompt appears asking the user to choose a beam-line. The location of the binary Muon Data

Files are categorised by their beam-line.

Beam-line Location
1. EMU “emuddisk0:[data.emu]”
2. MUSR (old data sequence) “musr$diskO:[data.musr]”
3. MUSR (new data sequence) “musr$diskO:[data.musr]”
4. MUT “mut$diskO:[data.mut]”
5. TEST_DATA [Current Directory)

For example, data recorded from experiments performed on the EMU spectrometer are located

under beam-line 1, data recorded from the MUSR spectrometer will be stored under beam-lines
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2 and 3, data recorded from the DEV A spectrometer are stored under beam-line 4 (see

Figure 3.3).

Beam-line 5 allows you to specify MCS files from your current directory where we have placed
specially selected muon data files with differing characteristics to demonstrate the capability of

Convert_NeXus.
The files included within this directory are:

e  EMU30000.RAW — which represents a run with red/green data collection.
e R35000.RAL - which represents a conventional non red/green run.
o  MUT00477.RAW — which represents a run containing differing histogram properties.

| 22 DECterm 2

NSRS

|$ convert_nexus

{|Welcome, you are running Convert_NeXus version 1
‘|This version translates raw MCS files to the

[ISIS Muon Instrument definition version 1

JIf you have any questions, comments or problems...

Z‘Please contact Damian. Flannery@rl.ac.uk.,.Thank you

(|Select beamline from:

1 1. EMU

2. MuSR (old data sequence)
3. MuSR (hew data seguence)
4, MUT

t 5. TEST_DATA

i|Beanline [11: 1

Figure 3.3 — Beam-line Menu Screenshot

3.3.2 Converting Files from Beam-lines 1-4

After selecting a beam-line between | and 4 (here option | has been chosen, the EMU beam-
line) a prompt appears asking the user for the range of files to be converted. Each time an
experiment is performed it is assigned a unique S-digit run number. On this screen the user
must firstly enter the run number of the first file to be converted. If this is a valid 5-digit
number the user will then be able to enter the last file to be converted. This must also be a 5-
digit number and must be greater than or equal to the run number of the first file.
Convert_NeXus then commences to convert the specified range of files. If it encounters any
problems reading an MCS file it discards this file and continues to process the remaining files

in that range.
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ilSelect beamline from:

| 1. EmMU

i 2, MUSR (old data sequence)
3. MUSR (new data sequence) i
4, MUT ’
; 5. TEST_DATA

|Beanline [1]: 1

/[please enter first file e
{30000 1
i[please enter last file i
1300058 |

Figure 3.4 - File Range Entry Screenshot

Tip:
If the user only wishes to convert
a single file then they must make

the first file equal to the last file.

3.3.3 Converting Files from Beam-line 5 (Current Directory)

If you select beam-line 5, a slightly different prompt appears, asking the user for the full

filename of the MCS file they wish to convert. Convert_NeXus then searches the current

directory for the specified file. It should be noted that by choosing this beam-line you can only

specify one MCS file at a time.

J5elect beamline from:
| 1. EMU

2, MUSR (old data seqguence)
3. MUSR (new data seguence)
4, MOT

: 5. TEST_DATA

‘|Beamline [1]: &

please enter full name of MCS file : -
mit00477, rauf hd

Figure 3.5 — File Selection Screenshot

3.3.4 Diagnostics

Note:

Convert_NeXus also looks in the
current directory for TLOG and
MACQLOG files when beam-line

5 is chosen

Once the user has selected the appropriate file(s) the conversion process will begin. While

processing each file Convert_NeXus will display selected data read from each MCS file

processed. Diagnostic information will also be shown for each major process undertaken by

Convert_NeXus.
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Such processes include:

¢ Reading and manipulation of Temperature log information.

e Reading and manipulation of Event log information.

e Processing of User Information Files.

e Inclusion of Dead-time, Time-Zero and Grouping information.

¢ Inclusion of Detector geometries read from appropriate Instrument Specific File.

FADECE s e e e Pt e e Tl B |

|DIAGNOSTIC : MCS file ‘emusdisk0:[data.emulra5o00.ral’ is open |
| DIAGNOSTIC : reading MCS file o
JDIAGNOSTIC : MCS file read succesfully

IDIAGNOSTIC : closing MCS file

DIAGNOSTIC : contents of MCS file ... &

1t0bins -=> 19

| fgbins -=> 26 i
lgbins - 1000 {

1his len (1) -=> 1000 |
resolution (1) --> 16000

I hisnum -—> 32

{reads -—> 14
frames -—> 5000

1det no - 32
Tun no -—> 35000

Imcs version -->RD

Jcomment --> slits=10mm, 2f

lgrp name --> PAVIA

Jrb nun --> 11293

{duration --> 00:23:39

|analysis ~=> muonTD

1shape --> n/a
start_date -=> 2000-07-14 11:14:50

1finish date --> 2000-07-14 11:38:29

Jprognam --> MCS

1title -—>

Temperature = 10 K, Magnetic Field = 0 Gauss, Sample = LACUD
det orientation --> 1

field_state --> n/a
1instrument name --> EMU
rig -=> n/a

DIAGNOSTIC : Nexus file name is :35000.nxs
DIAGNOSTIC : Nexus file open

DIAGNOSTIC : TLOG filename is “emu$diskDd:[data.emu.tloglr35000.tlog;1
DIAGNOSTIC : TLOG file apen

DIAGNOSTIC : TLOG file is within MeXus run time

DIAGNOSTIC : TLOG file read succesfully

DIAGNOSTIC : closing TLOG file

Figure 3.6 — Screenshot denoting some of the diagnostic information displayed by Convert_NeXus.
This particular example shows information read from EMU MCS file r35000.ral and commentary

from Temperature Log processing
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3.4 Advanced

This section explains how to utilise the following functions available using Convert_NeXus:

e Selecting Modes.

e Selecting beam-lines and files from the command line.
e Specifying an Instrument Specific File.

e Including a User Information File.

¢ Entering Collimator Information.

e Entering Time-Zero Information.

e Specifying a Dead-Time File.

e Specifying a Grouping File.

All of these features are available as command line parameters when executing

Convert_NeXus.

3.4.1 Selecting Modes

Convert_NeXus has the ability to run under three different modes, which effect the display of
information during the conversion process. This gives the user the flexibility to run a

Convert_NeXus program tailored to their needs.

Mode O - This is a stealth or silent mode. When running Convert_NeXus in Stealth mode, only
fatal error messages, should they occur, will be displayed on screen. If the user wishes to run
the application in Stealth mode, this MUST be indicated as a command line parameter along
with the beam-line and selected file(s) (see the following sections for more information). This

mode has the advantage that Convert_NeXus can be run as a script.

Mode | — This mode allows Menu options and Warnings to be displayed. The only difference is

that no diagnostic information is displayed as Convert_NeXus executes.

Mode 2 — This is the default mode, allowing the user to view selected information read from the

binary muon data files and diagnostics from critical processes.
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Option Qualifiers  Arguments Example

MODE=2

MODE=1

MODE=0

(NB. Additional parameters must
be included when using

Stealth mode, 4.2/ 4.3)

Figure 3.7 — Mode Selection Table

m 1

$ CONVERT_NEXUS /MODE=1]] ;

Figure 3.8 — Mode Selection Screenshot

3.4.2 Selecting files from beam-Jines 1-4

If the user wishes to run Convert_NeXus in stealth mode, using beam-lines 1-4, then the beam-
line along with the first and last file to be converted must be supplied. If this format is not
followed, Convert_NeXus will display an error message indicating which parameters were

missing or incorrect. The format of these arguments is described below:

_ Option ___ Qualifiers _ Arguments ____ Example __________ Note

pede i BEAMLINE=1  EMU
e 0 BEAMEINE=2 MUSR (old data sequence)
N i BEAMLINE=3 MUSR (new data sequence).:

BEAMLINE.

_ BEAMLINE=4 - MUT

“Integer 10000 ' FIRSTFILE=30000
-99999 ; I
. Integer 10000 LASTFILE=30005
1209999 BEORE Y

Figure 3.9 — Beam-line and File Range Selection Table
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Figure 3.10 — Beam-line and File Range Selection Screenshot

3.4.3 Selecting files from Beam-line #5

As mentioned earlier, Beam-line 5 is handled slightly different to beam-lines 1-4. Instead of
supplying the run numbers of the file to be processed, the user must instead supply the actual
filename of the data file. The following table Figure 3.11 and screenshot Figure 3.12 show how

to choose a file from beam-line 5 as a command-line parameter.

Option Qualifiers Arguments Example Note

; BEAMLINE 5 ' BEAMLINE=5 TEST_DATA

TST i <ﬁle"n‘ame'> TST=mut00477 raw

Figure 3.11 — Beam-line and File Selection Table

Z = :
$ COMVERT_MEXUS /MODE=0/BEAMLIME=5/TST=mut00477 .raul

Figure 3.12 — Beam-line and File Selection Screenshot

3.4.4 Specifying an Instrument Specific File

At present, the detector geometry of the instrument used to perform an experiment is not stored
in the binary Muon Data Files. It is desirable to include this information within the NeXus files
so that utilities that read these NeXus files are able to take into account the properties of the

experiment apparatus. We have therefore developed an Instrument Specific File (ISF) for each

of the Muon Instruments at ISIS.
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When Convert_NeXus executes, it automatically selects an appropriate Instrument Specific File
according to which spectrometer was used to perform the experiment. It is possible, however, to
over-ride this option and manually include an Instrument Specific File of your choice.

However, this is ill-advised!

The format for this command-line switch is detailed below:

Option Qualifiers Arguments Example Note

ISF <filename> ISF=EMU_speci
ISF=MUSR _spec
ISF=DEVA_specific.isf

Figure 3.14 — ISF Selection Screenshot

3.4.5 Including a User Information File

Although the current ISIS muon data files contain certain environment conditions such as the
temperature and the magnetic field, some experimenters wish to incorporate other information
which is specific to their experiment (one example could be light frequencies if the
measurement involves any stimulation by light). A mechanism has been devised to enable the
user to store additional information in the NeXus data file. This is achieved by producing a
User Information File (UIF) which is read during conversion, the file contains a description of

the information to be included within the Nexus File.
To produce a User Information File see section 3.5.

The format for the command-line switch to include a User Information File is detailed below:
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Option Qualifiers Arguments Example

UIF <filename> UlF=test_uif.uif
UlF=user$disk:[dfOl.uif]test_uif.uif Example using
absolute path and of
UIF stored in a
different directory.

Figure 3.15 — UIF Selection Table

Figure 3.16 — UIF Selection Screenshot

3.4.6 Including Collimator Information

All of the Muon instruments have a slit that defines the horizontal size of the beam. At present
there is no way of recording this information directly from the experiment. However it is
possible to include this information in the NeXus file during the conversion. If the collimator
type and aperture values are not supplied via the command line, Convert_NeXus defaults the
Collimator type to “Slits” and the collimator aperture to “0”. See below for command line

inclusion format:

| Option _Qualifiers  Arguments ___ Example ___ Notes

~TYPE <type of collimator> = COL.TYPE=slits
APT | <aperture> ' COL.APT=1.5

Figure 3.17 - Collimator Specification Table

| File E mands 0

$ COMVERT _NEXUS /COL.TYPE=slitsf]

Figure 3.18 — Collimator Specification Screenshot
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3.4.7 Entering T0 Information

Time_zero specifies the exact time of the centre of the muon pulse relative to the time the data
acquisition electronics was triggered. This information is not currently stored in the MCS files,
but is available from a file called basetime.uda. On execution, Convert_NeXus searches for this

file in the current directory, and if successful, includes it within the NeXus file.

It is possible for the user to supersede this value and specify a particular Time Zero floating
point value at the command line. If the supplied floating point number is invalid a warning
message will be displayed and the number will not be included within the NeXus file. The

format of this argument is illustrated below:

Option  Qualifiers Arguments

TO B , <floating point number>  T0=2.45

Figure 3.19 ~ TO Specification Table

$ CONVERT_NEXUS /T0=2.45

Figure 3.20 — TO Specification Screenshot

3.4.8 Specifying a Dead-Time File

Each detector can have a dead-time associated with it. When a detector on one of the muon
spectrometers detects a positron there is a very short period following when further positrons
are missed. This dead-time is calibrated and is usually incorporated into the experimental
results to compensate for any missed counts. While processing a file, Convert_NeXus selects an
appropriate dead-time file from the current directory depending on the instrument used to
perform the experiment. If the user wishes they can override this and specify their own choice

of dead-time file. Although this is not advisable, details of how to do this are shown below:
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Option Qualifiers  Arguments Example '

DEADTIME <filename> DEADTIME=dtepar.dat

Figure 3.21 — Dead-time Specification Table

Figure 3.22 - Dead-time Specification Screenshot

3.4.9 Specifying a grouping file from the command line

Histograms are usually grouped for analysis. Grouping information is extracted from an
appropriate grouping file that is dependent on the orientation of the spectrometer’s detector
array. One example would be detectors that are in are forward and backward positions in
relation to the sample. Convert_NeXus includes grouping information for traditional
longitudinal and transverse measurements. The user is able to specify their own grouping file

from the command line by using the command line option detailed below:

Option ___ Qualifiers ___ Arguments _______ Example ________ Note

"~ GROUPING _ <fileame> _ GROUPING=trans.uda.

Figure 3.23 — Grouping Specification Table

— E[Iterm'l F : '
B & :

-1

$ CONVERT_NEXUS /GROUPING=trans.udal]

Figure 3.24 — Grouping Specification Screenshot
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3.5 Creating a User Information File

We have produced a very simplistic application called UIF_creator, which guides the user

through a step-by-step process in creating a User Information File. This application is written in

Fortran 90 and is available when you run the NeXus set-up file as discussed in Section 3.

1% UIF_CREATOR

Yelcone to the ISIS Muon UIF creator application
This software has been written in conjuction with the NeXus Muon project
If you have any queries please contact Danian. Flannery@rl.ac.uk

Please enter element name :

Welcone to the ISIS Huon UIF creator application
This softuare has heen written in conjuction with the NeXus Muon project
IF you have any queries please contact Damian.flannery@rl.ac.uk

Please enter element name
Llight_Ffrequency

Please enter element value :
1514

To Invoke the
application, type
“uif_creator” at the

command line

2

Once the application
has commenced, it
asks the user to enter a
name for the element
they wish to store e.g.

“Light_frequency”.

This name must have no spaces. Once a correct entry has been accepted, a prompt appears

asking the user to enter a value e.g. “1.5MHz”. This may be up to 30 characters long and will

be stored as a string in the NeXus file.

If you have any queries please contact Damian.Flannery@rl.ac.uk

Please enter element name :
light _frequency

Please enter element value :
1.5z

Please enter run number :
30000

once the name and the
value of the element
has been specified, the
user should enter the
actual run numbers

that they wish this

information to be included in. When a User Information File is included in Convert_NeXus it

cross references these run numbers with the run numbers of the files it is processing. If they

match then the information is included. The run numbers must be 5 digits.
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{Please enter elenent value : a1 It is more than likely
| élgggg enter run numer 1| that the user will want
o a particular element
would you Like to enter anather rum number for this item : YN stored in more than

| one run. For this

reason UIF_creator

asks the user if they wish to enter another run number. If so the previous prompt appears again

(as in step 3) asking the user to enter a run number.

Once the user has

would you like to enter another run number for this item : Y/

entered all run

n

numbers and chosen
Would you like to enter another item into the UIF file: Y/N ! not to enter any more,
| | another prompt

appears, enquiring if

the user would like to add another element to the UIF. If so the process is repeated from step 2.

When the user has
finished adding

elements to the UIF, a

summary of the UIF

light _frequency . .
1.5MHz elements is printed to
30000

the screen (as left).

Would you like to save User Information File? Y/M The user is then asked

if they wish to save the
UTF file.
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|Would you like to save User Information File? Y/N 41  Assuming the user is
y ’ .
Please enter Filename for uif : 11 happy with the

test_uif.uif . .
- information, they can
File Saved as : :
test_uif uif 1 enter a filename and

Y | 4| save the information.

(Note: we recommend
that you adopt the file extension “.uif” to avoid any confusion).
3.5.1 Example User Information File

Below is a screen shot of a typical User Information File with a description of each entry. This

may be useful for the experienced user.

Number of elements/items
ssmmeermas|  stored in the UIF file bistovestu oo e st e s et e )

< The number of run numbers

1 contained within UIF

|30000
30002
130005
| Light_frequency 4
2 AMHz |

| gUDUU Typical Entry

Az0001 This element has three run numbers associated
30005 —> | with it. 30000, 30001 and 30005. The element
1 rr name is called “RF” and has the value

5MHz “SMHz".

15

"3DDDD
30010

30013

B ELUIFSY
30012
Field

500 Gauss

12 <€4— The number of run numbers this

{30000 , |
o001 particular element has. ;

villa
rule §
| LEnd of file] ¥4

Figure 3.25 — User Information File Screenshot
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3.6 Trouble Shooting

This short chapter is a trouble shooting guide for the user looking for hints, tips or an

understanding of some of the display messages produced by Convert_NeXus.

3.6.1 System Messages

Convert_NeXus will have three varieties of system messages. Error Messages, Warning
Messages and Diagnostic Messages. These system messages will all conform to a specific
outline format of: Error Code, followed by, Error Message. e.g. “ERROR : Beam line must be

between 1 and 5.

3.6.1.1 Error Messages
Irrespective of which mode Convert_NeXus is running under, if the application encounters any
errors it will display an error number and the corresponding message alongside. The possible

error messages that can occur are listed below:

Message Notes

' t entet S digit number . When entering Run number
file must be >= first file : .
" Error lme mubt be between l ands o
' When beam line = 5
When verbose mode =0
- Whenverbosemode =0

Figure 3.26 - Convert_NeXus Error Messages Table

3.6.1.2 Warning Messages
If Convert_NeXus is running under Mode 1 or mode 2 then it will display warning information

as the application executes.

— - — Nows —

- UIE file supplied via the command
! : line does not exist
| Warning Problem readmv U]F : . UIFis cortupt
| Warning | User Inttm matlon Not mcluded in NeXus tlle 84

i

Warning Specified MCS file does not exist ' Specified MCS file is missing
| Warning | Problem reading MCS file Ko - MCS file is corrupt

t Warning Detault tlme ZEro flle not found n cunent
i dxrecton poot

36



- Warning  Supplied TO value is invalid ' ~ Specified TO value is invalid floating

i cre ~__point number

Warning  Problem reading time zeio file TO file is corrupt

| Warning | Default ISE file not found '

| Warning | Non EMU ISF being used for EMU experiment Wrong ISE being used
' Warning__ Non MUSR ISFE being used for MUSR experiment  Wrong ISF being used
' Warning | Non MUT/DEVA ISF being used for MUT Wiong ISE being used
experiment '

. Warning _ Cannot read ISF file Corrupt ISE

. Warning = Specified DEADTIME ﬁ}e does not exist User speeitied dead-time file does

: 1ot exist

Warning | Suttable dead-time file not tound incurrent Default dead-time file is missing

i dn : form cutrent directory

| Warning ~Non ad- ‘ ~Wrong dead- tlme file being used

| Warning | ISR dead- Wmngdeadﬂme file being used

| Warning | Non DEVA/MUT de: Selotin gused for = Wi‘ong dead-time file bein‘g used
% MUT experiment S 4

| Warning Can ot ledd dead«tl i .. Dead-time file is corrupt

| Warning | Dea : R Summary of above

' Warning ¢ Speei - le ¢ exist’ < ‘User spemﬁed GROUPING file Not

'Waming ; 5R ; file 1101 Default moﬁ in hledoesnotexxst
Warning | Fyansverse srouping file being used for “_Wlong srouping ﬁlebem«used

| Warning [Longit 1l 510 > being or : »Wron,:, Qroupmo file bem<r used

Warning [ Cannotre 1pi e Conupt groupmc file .
| Warning | Gr ‘unsuccessfullyread . Summary of above
| Warning : i i red/green mode or if file has
] i ] dlffennﬂ hJstobram properties.

| Warning | MA€Qlos file does notexist =~ e Cannot tmd conespondmv macq log
i1 s 2 3 2 4

i G : R cerna i file

; Warning | MAEQ file only hasone vah ref ti 0 Nok worth mcIudmv in NeXus file

Mae tﬂe is cortupt
- Cannot find any corresponding tlog

o v ok filess .
file version 22 _-vr" . Version of TLOG 1S COFEupL

Figure 3.27 — Convert_NeXus Warning Messages Table
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3.6.1.3 Diagnostic Messages
If Convert_NeXus is running in Mode 2, diagnostic information will be displayed commenting

on each of the major processes. All diagnostic information will take the form below:

Code Message Notes

Diagnostic  ?? File is ?? e.g. UIF file is test_uif.uif

Diagnostic  ?? File open e.g. UIF file open
Diagnostic  ?? File read successfully  e.g. UIF file read successfully
Diagnostic  Closing ?? file e.g. Closing UIF file

Figure 3.28 — Convert_NeXus Diagnostic Messages Table

3.6.2 Hints and Tips

If you are running Convert_NeXus from your own user directory at ISIS it may be beneficial to

increase your working set size (see local computing staff).

If converting large and/or frequent data sets it may be advisable to increase your disk quota
(See local computing staff). Running out of disk space while converting files causes

Convert_NeXus to halt.
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4. CONVERT_NEXUS DESIGN DOCUMENT

4.1

General Structure

Convert_NeXus is written in Fortran 90 and uses the Fortran 90 and utility NeXus API. The

required functionality has been abstracted into separate modules. These modules are not

completely self-contained, but give the application a flexible design and allow these modules to

be removed and/or replaced with relative ease. The various modules are listed below:

MACQ Handler
Temperature Handler
Command Line Handler
Histogram Handler

UIF Handler

Source Handler

ISF Handler

ISOtime

These modules will be described in subsequent sections.

MACQ Temperature Command
Handler Handler Line
Handler

Histogram Convert UIF Handler

Handler _NeXus

LN

Source ISF Handler ISOtime
Handler

Figure 4.1 — Modular Program Structure Diagram

Below is some primitive Pseudo code, which depicts the flow of events through the

Convert_NeXus program.
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4.1.1

40

Convert_NeXus Pseudo Code

Get command line switches ()
Get Beamline ()
Get File Range ()

Read UIF ()
Read T0 file ()

Loop through file range

If (file doesn’t exist) then
Display warning message

Else
Create NeXus file ()
Open Nexus file ()
Read MCS File ()
Read MACQ log ()
Read Temperature log ()
Read Instrument Specific File ()
Read Dead-time file ()
Read Grouping file ()
Read TO information ()
Convert Variables to NeXus Format () //e.g. ISO time
If (differing histogram properties) then

Split data groups ()
End if

Close NeXus file ()

End if

End loop



4.2 Source Handler

The source handler currently has only one main method, which reads MCS files. The module
has been designed so that in principle more than one data format can be read. The global
variables below are the elements read from the MCS file. These can be accessed from the main

Convert_NeXus application and directly included within the NeXus file.

NXM_t0bin int ] NXM_fgbin int [}
NXM_lgbin int [) NXM_hislen int [}
NXM_resolution int [] NXWM_temperature real
NXM_field real NXM_data int [} ]
NXM_version String NXM_Comment String
NXM_grpname String NXM_experimentno int
NXM_duration String NXM_analysis String
NXM_shape String NXM_rig String
NXM_field_state String NXWM_instr_name String
NXM_sdate String NXM_fdate String
NXM_progname String NXM_title String
NXM_lab String NXM_sample String
NXM_det_orientation String

iso_datel ISO_date_struc

Iso_date2 ISO_date_stuc

Iso_timel ISO_time_struc

Iso_time2 ISO_time_struc

Int read_mces_file (String filename)
Boolean is_ascii (String str_var)
Void print_mecs_data ()

Void split_mcs_title (String rtitle. String sample, String dctector_orientation. String shape)

Void get_mes_ficld (String rtitle, String ticld, String_str_field)

Void get_mcs_temperature (String rtitle. String temp, String str_temp)

Figure 4.2 — Source Handler Class Diagram

4.2.1 Source Handler Pseudo Code

Declare Equivalence block

Open File

Read header information into memory
Read data into memory

Index memory using equivalence block
Close File
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¢ MUSRIDISK: (DATA.MUSRIR30e00 RAL; L on 21-AUG- 2000 13:56:10. 8]
md of file Lla ¢ #llocated 261

virtual block nurber 1 (00000001), 512 {0200} bytes

2| 00040005 00000000 00004452 00030402 ,...RD.......... 000000
03E80004 00007530 00000000 0000380 .>...... 0d....8. 000010
03EB03ES 03EB03EB 03EG0IES 002003E8 &, .B.8.8.8.8.8. 000020
03EB03EG 03IES03ES 03EB0IES 03EB03ES €.6.6.8.8.6.8.8. 000030
03EBO3ES 03ES03ES 03EG03ES 03EBO3ES €.6. . 000040
| 03E803E8 03E803ES 0IEB03ES 03EB03ES €.6. . 000050
1 00000000 00000000 00000000 03EB03ES €.8......v.n.... 000060

s

€
8.6,

| 06000000 00000000 00000000 00000600 .. .\\.\ir.rnnn.s 000070
47481388 00180000 03E0020 00000000 .... . Buviennn fiG 600080
1 30302E30 32202000 20202020 20202031 1 . 20.00 000090
454E4F4E 00743030 2E303035 20200030 0. 500.00L.NONE 000040
00000000 00000000 00002020 20202020 ,......... 0000B0
4 20205253 55400000 00000000 00000000 .......... MOSR  0000C0
4 38320000 00000000 00000000 20202020  .......... 28 000000

39205941 4D2D3832 00393920 59414020 -MAY-99. 28-HAY-9 0000E0
3A38333A 39313034 3A35353A 38310039 9.18:55:4019:38: 0000F0
00000000 00000060 00000000 00003833 38 000100
00000000 00000000 00000000 00000000 ...... 000110
RETURN/SPACE=More, FREV/NEXT=Scroll, INS/REM=Pan, SELELT=80/132, CTRL/Z=(uit

Figure 4.3 — MCS File Screenshot

4.2.2 Notes

The entire data file is read into memory. This ensures that the data is placed in memory with the
least amount of /O as possible. By using a Fortran Equivalence statement it is possible to cross
reference main memory to extract the individual and contiguous elements of the data file. The
binary muon data file is split into two records. The first record is read into memory and the
header information is indexed in the appropriate manner. The second record contains the actual
histogram data. Its rank and dimensions can be determined from the header information. A
dynamically allocatable two-dimensional array has therefore been created to store the histogram

data.
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43 MACQ Handler

The MACQ handler module consists of one method which takes a string value representing the
filename of a particular MACQLOG file, and returns an integer representing the status of the
method i.e. 1 on success or 0 on failure. Meanwhile, assuming the filename is valid, the
method reads the desired event log information, processes the data and stores the values in the

appropriate global variables, shown below.

Macq_events real [] macq_time real []
macq_reads int macq_filecount int
macq_elapsed real

Int read_macq_file (String runno, String beamline, ISOtime_struc
L n_start_time, ISOtime_struc n_stop_time, int verbose_mode)

Figure 4.4 - MACQ Handler Class Diagram

4.3.1 MACQ Handler Pseudo Code

Find existing macq files with matching run number
Open MACQ log file
Read header information into memory
While not found
{
If (correct run and run times are within nexus run times)
{
Allocate space for data
Read time info
Read counts
Close file
Found = true
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2 DECteim 1 =] B3

g s

{HACQLOG - from: 09:41:14
57 0.0000
1200.0000
0.0000
0.000000
(7(1X,F10.5)) (2(1X,F10.0))
0.00000  0.05408  0.05331  0.05371  0.05366  0.05402  0.05395
0.05373 0.05394 0.05336 0.05376 0.05370 0.05385 0.05417
0.05424  0.05374  0.05414  0.05386  0.05355  0.05422  0.05407
9.05411 0.05393 0.05320 0.05366 9.05391 0.05383 9.05371
0.05392 0.05344 0.05389 0.05373 0.05337 0.05376 0.05424
0.05413 0.05378 0.05357 0,05358 0.05320 0.05326 6.05390
0.05371  0.05406  0.05365  0.05360  0.05369  0.05380  0.05367
0.05354 0.05345 0.05383 0.05417 0.05366 0.05413 0.05450
0.05375
0. 22. 43. 65. 86. 107. 129.
150. 172. 193. 215. 236. 257. 278,
300, 321, 343. 164. 386. 407. 429,
450. 471. 493. 514. 536. 557. 578.
§00. §21. 642. 664. 687. 709. 730,
751. 3. 794. 816. 837. 858. 380.
Btffer: Riunol.MACOLIG | trite | Ingert | Forward |
|EDT keypad defined (for more information, see help on EDT DIFFERENCES).

Figure 4.5 - MACQ File Screenshot

4.3.2 Notes

It is possible that more than one version of the MACQLOG file exists of a particular run. This
may occur if a run is restarted due to unforeseen circumstances. It is therefore necessary to
inspect all versions of a particular MACQLOG file and ensure that the run times lie within that
of those stored in the NeXus file. There will, however, only be one correct version of the

MACQLOG file. Once this is found no other MACQLOG files need be processed.
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44 TLOG_Handler

The TLOG Handler module also consists of a single method which takes a string value
representing the filename of a particular TLOG file, and returns an integer representing the
status of the method i.e. 1 on success or 0 on failure. Meanwhile, assuming the filename is
valid, the method reads the desired temperature log information, processes the data and stores

the values in the appropriate global variables, shown below.

4 I

Tlog reads int Tlog_file_count int
P int Tlog_interval int
Tlog_elapsed int Tlog_title String
Tlog_start_title String Tlog_end_title String
Tlog_placeholder  real [] Tlog_time_temp real [}

Int read_tlog_file (String str_runno, ISOdate_struc n_start_date.
ISOdate_struc n_stop_date, String beamline. ISOtime_struc
n_start_time, ISOtime_struc n_stop_time, int verbose_mode, String

duration)
o /

Figure 4.6 — TLOG Handle Class Diagram

4.4.1 TLOG Handler Pseudo Code

J=0

Get_versions

Write filenames to tlog _name array
TIME_A = nexus_run_start

For (k= 1, no_of versions, k ++)

{

open tlog_names [k]
read header info
extract dates and times
convert dates and times
work out interval

if (ilog times within run times)
{
Work out difference between TIME_A and tlog start

Forl =1, reads, [++

{
Jj++
if (diff > 6) then
{
if (j == 1) then
{

tlog_placeholder [j] = 0
tlog_time [j] = (tlog_time — run_start_time ) - | second
j++
tlog_placholder [j] = data [1]
tiog_time [j] = tlog_time [j-1] + 1 second
/

else
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tlog_placeholder [j] = 0

tlog_time [j] = (tlog_time [j — 1] + I second)

j++
tlog_placeholder [j] = 0

tlog_time [j] = (tlog_start_time — run_start_time) — 1 second
JH+

tlog_placeholder [j] = data [1]

tlog_time [j] = tlog_time [j ~1] + 1 second

Jend if
diff =0
J
else
{
if(1==1)then
{
tlog_placeholder [j] = data [1]
tlog_time [j] = tlog_start_time — run_start_time
/
else
tlog_placeholder [j] = data (1]
tlog_time [j] = tlog_time [j — 1] + interval_time
Jend if
Jend if
Jend for

TIME_A = tlog_end time

Jend if

if ( at least one file has been converted) then
{
J++
tlog_placeholder (j) = 0
tlog_time (j) = tlog_time (j-1) + [ second
JH+
tlog_placeholder (j) = 0
tlog_time (j) = run_stop_time ~ run_start_time
Jend if
Jend for



TLOG - from: 11-JUL-2000 19:17:52 to: 11-JUL-2000 19:32:35
159 5.0000
882.0000
5.0000
0.000000

(7(1X,F10.3)) (7(1X,F10.3)) .
4.999 4.99% 4.999 4.999 4.999 4.999 5.000
5.001 5.001 5.001 5.001 5.001 5.001 5.001
5.000 5,000 4.999 4.999 4.999 5.000 5.000
5.000 5.000 4.998 4.998 4.998 4.999 5.000
5.000 5.000 5.000 5.000 5.001 5.001 5.001
5.001 5.001 5.000 5.000 4.999 4.998 4.998
4.998 4.998 4.998 4.998 4.998 4.998 4.999
4.999 4.999 4.999 5.000 5.000 5.000 5.001
5.001 5.001 5.001 5.001 5.001 5.001 5.001
5.001 5.000 5.000 5.000 5.000 5.000 4.998
4.998 5.000 4.999 4.999 4.999 4.999 4.999
4.999 4.999 4.999 4.999 4.999 4.999 4.999
4.998 4.999 5.001 5.001 5.001 5.001 5.001
5.001 5.001 5.001 5.001 5.001 5.001 4.999
4.999 4.999 4.99% 4.999 4.999 4.999 4.999
4.999 4.999 4.999 4.999 4.999 4.999 4.999
4.999 5.000 5.000 5.000 5.000 5.000 5.000
5.001 5.001 5.001 5.001 5.000 5.000 5.000
5.000 5.000 5.000 4.999 4.999 4.998 4.998
4.999 4.999 5.000 5.000 5.000 5.000 5.000
5.000 5.000 5.000 5.000 5.000 5.000 5.001
5.001 5.002 5.002 5.001 5.001 5.001 5.001
5.000 4.399 4.999 4 4.
r': R30000.TLOG

{[Nothing to insert. Use Select to select a range of text.

Figure 4.7 — TLOG File Screenshot

4.4.2 Notes

This is a very complicated process. For legacy reasons, the temperature logs for a run
frequently extend over several versions. This process involves identifying those versions that lie
within the period of the run and then assembling the separate versions into a single temperature
log representing the entire run period. Temperature time stamps are also recalculated to

enhance their accuracy and readings outside the run period are discarded.

47



4.5 UIF Handler

The MACQ handler module consists of a single method which takes a string value representing
the filename of a particular User Information File, and returns an integer representing the status
of the method i.e. | on success or O on failure. Users can create User Information files using the
UIF_Creator application. The method reads the UIF, allocating appropriate space and stores the

information in the global variables that appear below.

Run_array int [][] Uif_item_value String
Item_array String (1 Uif_data_name Siring

Int read_uif (String filename)

Figure 4.8 — UIF Handler

4.5.1 UIF Handler Pseudo Code

Open file
Read number of elements in user information file
Read number of run numbers in UIF

Allocate run array (sizeof number of run numbers,2)
Allocate item array (sizeof number of elements,2)

Counter=0

For I=1; number of elements ; I++
Read item run count
For j=1; item run count; j++
Counter ++
Read run number into ‘run array’ at pos (counter, 1)
Run array (counter,2) =1
End for

Read ‘element name’ into ‘item array’ at pos (1,1)
Read “element value’ into ‘item array’ at pos (1,2)
End for

Close file

4.5.2 Format of UIF

2(number of elemenis) 6(number of run numbers)

2(munber: of run numbers within particular element) (start of first element)

30000mn munbers)
30004
Light_frequency
2_4MHZ(flemenl value)

4{lmmber of nin nwmbers within this element) (start of second element)
30002(run nwmbers)

30010

(Nexus element name)
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30102
47890

R I;(Nexu: element name)
SMHZ(elemenl value)

NB. Text in brackets does not appear in file

4.5.3 Implementation

Array of items:
AttName(30char) AttrValue(30char)
[1] Light_frequency 2.4 MHz
[2] RF 5 MHz
Array of Run Numbers:
[1] Run Item
30000 1
30004 1
30002 2
30010 2
30102 2
47890 2

30002

430005
Light_frequency
2. 4MHz

HE
30000
30001
-130005
RF
5MHz
5
30000
30010
30013
30021
130012
Field
500 Gauss
12
30000

30001
| villa

rule
[End of file]

Figure 4.9 — UIF File Screenshot
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4.5.4 Notes

The process of reading the User Information File is somewhat complex. This is because
individual elements and their values have to be linked with a set of run numbers. This has been
done by creating a 2-dimensional element array which contains the name of the element to be
stored in the nexus file and its value. Also created is a 2-dimensional array to store the run
numbers read from the UIF. Each run number is linked a particular element in the ‘element

array’. This is done by storing the element number in the second dimension of the run array.
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4.6 ISF Handler

The ISF Handler encompasses a wide range of functionality, including:

e Instrument Specific Information (i.e. detector angles)
e Time Zero Information
e Dead-time Information
e  Grouping Information
Each of these values are obtained from a different source, and separate methods have been

produced to extract and process each value.

/D int [] \

ead_time_array real[] grouping_array
Alpha real NXM_time_zero real
Alpha_array real [1[]
NXM_detector_angles real [][]
NXM_magnetic_field_orientation real [][]

Int read_time_zero (String t0_fname)
Int read_isf (String isf_fname)

Int read _deadtimes (String dtime_fname)

K Int read_groupings (String gp_fname) /

Figure 4.10 - ISF Handler Class Diagram

4.6.1 Instrument Specific File

If the Instrument Specific File is supplied via the command line
“convert_nexus/isf=musr_specific.isf’ then the “get_command_line” function checks to see

whether the file exists. If not, a warning message is displayed.

If an [SF file is not supplied then an appropriate ISF is chosen according to the variable

“NXM_instr_name”. These instrument Specific files are named appropriately:

e Musr_specific.isf
e Emu_specific.isf
e Mut_specific.isf
If a suitable ISF file cannot be found, or an error occurs while reading the file, then the

“detector_angles” are set to 0, and the available attribute of this element will be set to O (not
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available). If the wrong ISF is supplied for an experiment, then a waming is displayed e.g. if an

“emu_specific” ISF file is used for a MuSR experiment.
The coordinate system is set to “spherical”

4.6.1.1 Instrument Specific File Pseudo Code

Open ISF

Check whether ISF matches Instrument used to perform experiment
Read header information

Allocate space for detector angles

Read detector angles

Close ISF

musr_specific

32

detectaor_no X y z p

1 1.0 2.0 3.0 4.0
2 5.0 6.0 7.0 8.0
3 9.0 10.0 1.9 12.0
4 13.0 14.0 15.0 16.0
5 17.0 18.0 19.0 20.0
6 21.0 22.0 23.0 24.0
7 25.0 26.0 27.0 28.0
8 29.0 30.0 31.0 32.0
9 33.0 34.0 35.0 36.0
10 37.0 38.0 39.0 40.0
11 41.0 42.0 43.0 44.0
12 45.0 46.0 47.0 48.0
13 49.0 50.0 51.0 52.0
14 53.0 54.0 55.0 56.0
15 57.0 58.0 59.0 60.0
16 61.0 62.0 63.0 64.0
17 65.0 66.0 67.0 68.0
18 69.0 70.0 71.0 72.0
19 73.0 74.0 75.0 76.0
20 77.0 78.0 73.0 80.0
21 81.0 32.0 83.0 84.0
22 85.0 86.0 87.0 88.0
23 89.0 90.0 91.0 92.0
24 93.0 94.0 95.0 86.0
25 97.0 28.0 99.0 100.0
2% 101.0 102.0 103.9 104.0
27 105.0 106.0 107.0 108.0
28 109.0 119.0 111.0 112.0
29 113.0 114.0 115.0 116.0
30 117.0 118.0 119.0 120.0
31 121.0 122.0 123.0 124.0
32 125.0 126.0 127.0 129.0
[End of file]

Figure 4.11 — Instrument Specific File Screenshot

4.6.2 Deadtimes

If the deadtime file is supplied on the command line “convert_nexus/deadtime=dtpar.dat” then
Convert_NeXus immediately checks to see whether the included file exists. If not, an error
message is displayed and Convert_NeXus continues execution filling deadtimes with 0’s and

setting the available attribute to 0.
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If the dead-time file is not supplied, the program searches for a specific file in the current
directory according to chosen beamline (i.e. “dtepar.dat” for EMU and “dtpar.dat” for others).
If this file is not located then the dead-time array is filled with 0’s and the available attribute is

set to 0.

Once a file has been located, the ‘read_deadtimes’ function is called from the ‘isf_handler’
module. This routine attempts to read the dead-time file. The routine returns O if unsuccessful
or 1 if successful. If successful the dead-time values are written to the nexus file and the

available attribute is set to 1.
The units are set to “microseconds”.

4.6.2.1 Dead-Times Pseudo Code

Open dead-time file

Read header information

Allocate space for detector dead-times i.e. no of detectors
Read dead-times

Close dead-time file

| DR CRTa [T 7 oo e e g oy o e ety P e o Y ] I |

2
I 1.2233107€-02
2 1.3292350E-02
3 3.7105435€-03
4 4,5303139£-03
5 1.0547889€-02
6 1.1666382E-02
7 -1.4865699E-03
8 1.0790998E-02
9 1.1551796€-02
10 1.0585661€-02
11 6.3674781€-03
12 1.0772804£-02
13 4.2096488E-03
14 6.5120654E-03
15 1.2043515E-02
16 8.7585552E-03
17 1.0470682€-02
18 8.0206711€~03
19 1.1466230€-02
20 3.9674528E-03
21 1.0470150E-02
22 1.5971461E-02
23 1.1935869E-02
24 6.8573016E-03
25 1.7256520E-03
26 7.8045639E-03
27 1.1020150€-02
28 1.3035779E-02
29 1.3754920E-02
30 8.1274696E-03
31 1.5183973€-02
{

.2798513€-02
‘Run 32705 11-JAN-00"
[End of file]

Figure 4.12 — Dead-Time File Screenshot
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4.6.3 Groupings

If the grouping file is supplied via the command line “convert_nexus/grouping=long.uda” then
the “get_command_line” function checks to see whether this file exists. If not an error message

is displayed.

If the grouping file is not supplied then a suitable grouping file is chosen depending on the
magnetic field orientation of the experiment (“NXM_det_orientation”); i.e. “long.uda” for
longitudinal experiments and “trans.uda” for transverse experiments. These are searched for in

the current directory.

If a grouping file cannot be found then the grouping values are set to 0’s and the available
attribute is initialised to 0. This is also true if there is an error is encountered while reading a

grouping file.

If a longitudinal grouping file is used for a transverse experiment file, or visa versa, then a

warning is displayed.

4.6.3.1 Grouping Pseudo Code

Open grouping file

Read header information

Allocate grouping array (size of (no of detectors))
If iransverse field

{
read grouping information
}
if longitudinal field
{
read grouping information
read alpha value
J

Close grouping file
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“his23
4.0000
‘his24
0.0000
‘his2
0.0000
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0.0000
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0.0000
“his28
0.0000
“his29
9.6000
‘nis30
0.0800
“his3l
0.0000
“his32
0.6000
1 Simple (transversal) grouping
1 channel bunching
4 number of groups
“tap .
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“Fud
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iera of file)
Buffar: JPahs.u0a

7 14 15 16 32 30 31

Attempt to move past the end of buffer TRANS.UBA

Figure 4.13 — Grouping File Screenshot

4.6.4 Time Zero

When Convert_NeXus executes it searches for a file called “basetime.uda” in the current
directory; this file contains a TO value. If this file is available Convert_NeXus includes this

value within the nexus file.

If this file is not available then the “time_zero available™ attribute and the “time_zero” value are

set to 0.

It is possible to over-ride this process, and include a value through the command line. If a valid
floating point number is supplied then Convert_NeXus stores this value and ignores the file
“bastime.uda”. If the supplied TO is invalid a warning is supplied to the user and the file is

converted without including any TO value.

LR

The units are set to “microseconds”.

4.6.4.1 Time Zero Pseudo Code

Open time zero information
Read header information
Read time zero information
Close time zero file
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B definition of time zero (us) for plot x-axis

10.278

|lEnd of file]

Figure 4.14 — Time Zero Screenshot



4.7

Command Line Handler

Virtually all the functionality of Convert_NeXus can be controlled by the command line

interface. The Command Line Handler moduie takes care of the command line values supplied

and sets the appropriate flags variables and error messages. This module is quite complex in

that it involves many parameters, but consists mainly of standard Fortran string handling.

4.7.1

int

int
String
String
Boolean
Boolean
Boolean
Boolean
Boolean
Boolean
Boolean
Boolean
Boolean
String
String
String
String
String
String

Cl_beamline String  cl_first_file
Cl_last_file int cl_verbose_mode
Cl_uif_filename String  cl_isf_filename
Cl_deadtime_filename String cl_grouping_filename
Cl_time_zero_filename String cl_ap_supplied
Cl_type_supplied Boolean cl_uif_supplied
CLisf_supplied Boolean c¢l_beamline_supplied
Cl_firstfile_supplied Boolean cl_lastfile_supplied
Cl_status Boolean cl_deadtime_supplied
Cl_grouping_supplicd Boolean cl_tst_supplied
Cl_time_zero_supplied Boolean isf_exists

Dt_exists Boolean grouping_exists
Uif_exists Boolean time_zero_exists
Time_zero_valid Boolean NXM_col_type
NXM_col_aperture String data_path

Raw_path String aux_path

Dt_file String dt_fname
Def_dt_fname String file_ext

Prefix String iname

Int is_integer (String str_cun) Void init_I1le_path ()
Int get_file_range O String get_tst_fname ()
Void get_command_line (String ciudline) Void get_beamline (3
Int is_float (String str_float) int validate_run (int runnuim)

String get_sub_string (int ptr, String cmdline)

Figure 4.15 -~ Command Line Handler Class Diagram

Command Line Handler Pseudo Code

Extract mode

Extract user information file filename
Extract time zero value

Extract grouping file filename
Extract collimator aperture value
Extract collimator type value

Extract beamline

Extract filename/file range

If mode supplied = Ensure mode lies between 0 and 2

If beam-line supplied = Ensure beam-line value lies between 1 and 5
If first-file supplied 2 ensure value is an integer

If last-file supplied = ensure value is an integer

If time zero value supplied = ensure floating point number
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If uif filename supplied 2 ensure file exists

If dead-time filename supplied = ensure file exists
If isf filename supplied = ensure file exists

If grouping file supplied = ensure file exists

If verbose mode == 0 = ensure beam-line & first-file and last-file || filename supplied

4.7.2 Note

Command line options and parameters supplied by the user are parsed by the
get_command_line() method. This method sets the appropriate flags and variable values. If it

encounters any errors along the way, the user is informed.

When running Convert_NeXus the user must choose a beam-line and the appropriate files to
process. The methods to obtain these values reside in this module. A few other methods to

validate run numbers and floating point numbers also exist in this module.

4.7.3 Collimator

Collimator information is not currently stored at ISIS. It is possible for the users to specify the
“Collimator Type” and the “Collimator_aperture” when converting files. This is done by
specifying command line parameters. These values are stored as strings and have a maximum

length of 30 characters.

If, however, the user does not supply a value, the “collimator type” is set to “slits” and the
“collimator aperture” is set to “0”. Because the values are stored as strings no validation takes

place.
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4.8 Histogram Handler

A module for handling histogram information is necessary because Convert_NeXus undertakes

a lot of processing in splitting the histograms into groups with common characteristics.

~

Rdata_ref_array int [}
Temp_data_array int [1]
No_of_different_groups int

Void split_data_groups (int current_group)

Void get_data_groups ()

- J

Figure 4.16 — Histogram Handler Class Diagram

4.8.1 Get Data Groups Pseudo Code

Create hist_reference_list
For (I=1; I<= no of histograms, I++)
{
Find 0 entry in hist_reference_list
For (j=1,j<=no of histograms; j++)

If histogram properties (j) == entry
Add I in hist_reference_list at entry j

]

4.8.2 Split Data Groups Pseudo Code

Work out how many histograms in current group
Allocate space for data “1emp_data”
For (I=1;1<=no of histograms; I++)

{
if (hist_reference_list (i) == current group)
{
read histogram data into temp_data array
/
J

4.8.3 Notes

The Get Data Groups method essentially creates a list with an entry for each histogram. Each
entry contains a number which represents the group that the histogram belongs to. If all the

histograms are the same, then they will all have the value 1.
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The Split Data Groups method actually creates a temporary histogram data array (the size of the
number of histograms in the current group x histogram length). It then reads the appropriate

information into this array. Convert_NeXus is then free to directly include this data when

processing the histogram_data group.

60



4.9

ISOtime

This module was written specifically for use by Convert_NeXus and is not meant to offer a

definitive set ISO date and time functions.

Structures

Name : ISOtime_struc

entities : hours (int)
minutes (int)
seconds (int)

Name : 1SOdate_struc

entities : years (int)
months (int)
days (int)

Operators +, -, .eq., .gt., .ge., .t le.

These operators have been overloaded so that date structures can be compared lexically with each other
and time structures can be compared lexically with each other.

Also dates can be subtracted from each other. This function is used to determine the difference berween
two times and will therefore give unexpected results if the first argument is less than the second. This is

the same for the time structures.

Times can be added together. Although dates cannot.

Date functions

logical date_greater_than (ISOdate_struc, I1SOdate_struc)
Hogical function to determine if first date is greater than second date

logical date_greater_than_or_equal (ISOdate_struc, 1SOdate_struc)
Mogical function to determine if first date is greater than or equal to the second date

logical date_less_than (1SOdate_struc, ISOdate_struc)
Hogical function to determine if first date is less than second date

logical date_less_than_or_equal (ISOdate_struc, 1SOdate_struc)
Hogical function 1o determine if first date is less than or equal to the second date

logical date_equal_to (I1SOdate_struc, ISOdate_struc)
Hogical function to determine if first date is equal to the second date

1SOdate_struc subtract_date (1SOdate_struc, 1SOdate_struc)
/function to subtract second 1SO date from the first, returning an 1SOdate structure with the result

character(len=10) date_to_string (1SOdate_struc)
/function to return value of ISOdate in string format

1SOdate convertDate (character(len=9))
Hfunction to convert a string date in this format "22-FEB-99" to ISOdate format

Time Functions
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logical time_greater_than (ISOtime_struc, ISOtime_struc)
Hogical function to determin if first time is greater than second time

logical time_greater_than_or_equal (1SOtime_struc, ISOtime_struc)
Hogical function to determin if first time is greater than or equal to the second time

logical time_less_than (ISOtime_struc, 1SOtime_struc)
Hlogical function to determin if first time is less than second time

logical time_less_than_or_equal (ISOtime_struc, 1SOtime_struc)
Mogical function to determin if first time is less than or equal to the second time

logical time_equal_to (ISOtime_struc, ISOtime_struc)
Hlogical function to determin if first time is equal to the second time

ISOtime_struc convertTime (character(len=8))
/function which takes a string time in the format "22:45:12" and converts it into an ISOtime structure

character(len=10) time_to_string (ISOtime_struc)
//function to output time structure in string format

1SOtime_struc add_1SOtime (ISOtime_struc, ISOtime_struc)
Hfunction which adds two time structures together and outputs a time structure with the result

ISOtime_struc subtract_ISOtime (ISOtime_struc, ISOtime_struc)
/function which subtracts second 1SOtime from first and outputs result in a time structure

1SOtime_struc add_hours (ISOtime_struc, int)
/function adds hours to time structure and outputs result in form of ISOtime_struc

ISOtime_struc add_minutes (I1SOtime_struc, int)
/function adds minutes to time structure and outputs result in form of ISOtime_striuc

ISOtime_struc add_seconds (ISOtime_struc, int)
Hfunction adds seconds 1o time structure and outputs result in form of ISOtime_struc

ISOtime_struc subtract_hours (1SOtime_struc, int)
Hfunction subtracts hours from time structure and outputs result in form of ISOtime_struc

ISOtimme_struc subtract_minutes (ISOtime_struc, int)
/function subtracts minutes from time structure and outputs result in form of ISOtime_struc

ISOtime_struc subtract_seconds (ISOtime_struc, int)
/Munction subtracts seconds from time structure and outputs result in form of ISOtime_struc

miscellaneous functions

ISOtime_struc build_time (int)
/functions which builds time structure when passed time in seconds

character(len=20) toString (int)
Hfunction to convert in to string. Adds ‘0’ to front if int is from 0..9



4.10 TESTING PROCEDURE FOR CONVERT_NEXUS

The functionality of various aspects of Convert_NeXus has been tested by evaluating the

response of the program against input data files with known properties. The results are

summarised in the following table:

4101 MCS File

]

different NXdata groups

Test | Start | Stop | Beam Comment Command
no run run line

L - - 5 File r31111.ral is corrupt. Convert_NeXus / /beamline=5
Convert_NeXus should /tst=r31111.ral
discard this file from
processing.

2 - - 5 File emu30000.ral has Convert_NeXus /beamline=5
Red/green data. Jtst=emu30000.raw
Convert_NeXus should
convert this file easily

3 - - 5 File mut00477.raw has Convert_NeXus /beamline=5
differing histogram /tst=mut00477 .raw
properties. Convert_NeXus
should separate these
differing histograms into

4.10.2 Temperature_logs

\ Test | Start Stopj Beam Comment Command
No run run line
l 4 32482 | 32482 | 2 Run lasts over 3 days, tlog | Convert_NeXus /beamline=2
10 versions long MHirstfile=32482 /lastfile=32482
’ 5 37500 | 37500 | 2 Normal Tlog Convert_NeXus /beamline=2
irstfile=37500 /lastfile=37500
4103 MACQ files
Test | Start | Stop | Beam Comment Command
No run run line
6 35074 | 35074 | 1 MACQ log file has only Convert_NeXus /beamline=1
one value so not included, [firstfile=35074 /lastfile=35074
tlog doesn’t exist, warning
given
7 37500 | 37500 | 2 Normal MACQ log Convert_NeXus /beamline=2
Mirstfile=37500 /lastfile=37500

63




4.10.4 Grouping file
Test | Start | Stop | Beam Comment Command
No run run line
8 35000 | 35000 | 1 Specify a grouping file that | Convert_NeXus /beamline=1
doesn’t exist. Should /firstfile=35000 /lastfile=35000
display warning message /grouping=xyz.xyz
and continue conversion
9 37000 | 37000 Specify in effect a corrupt Convert_NeXus /firstfile=37000
grouping file /lastfile=37000 /beamline=1
/grouping=emu30000.raw
10 35600 | 35600 | 2 Specify transverse Convert_NeXus /firstfile=35600
grouping file for /lastfile=35600 /beamline=2
longitudinal experiment. /grouping=trans.uda
Should convert but display
a warning
11 35600 | 35600 | 2 Specify longitudinal Convert_NeXus /firstfile=35600
grouping for same file. astfile=35600 /beamline=2
Should convert no problem | /grouping=long.uda
4.10.5 Deadtime file
Test | Start | Stop | Beam Comment Command
No run run line
12 35600 | 35600 | 2 Specify deadtime file that Convert_NeXus /beamline=1
does not exist, Should [firstfile=35600 /lastfile=35600
display warning and /deadtime=xyz.xyz
continue conversion
13 35600 | 35600 | 2 Specify in effect corrupt Convert_NeXus /Beamline=1
deadtime file. Should /firstfile=35600 /lastfile=35600
display warning and /deadtime=test_uif.uif
continue conversion
14 35600 | 35600 | 2 Specify valid deadtime file. | Convert_NeXus /Beamline=1
Should process accordingly | /firstfile=35600 /lastfile=35600
/deadtime=dtpar.dat
4.10.6 User Information File
Test | Start | Stop | Beam Comment Command
No run run line
15 30000 | 30003 | 2 UIF has elements Convert_NeXus /beamline=2
referencing run 30000, /firstfile=30000 /lastfile=30003
30001, 30002. Should fuif=test_uif.uif
include appropriate
elements
16 30000 | 30003 | 2 Specify non existent UIF, Convert_NeXus /beamline=2
should display a warning /firstfile=30000 /lastfile=30003
and continue Juif=xyz.xyz
17 30000 | 30003 | 2 Specify corrupt uif. Should | Convert_NeXus /beamline=2

display a warning and
continue conversion

/firstfile=30000 /lastfile=30003
/uif=corrupt_uif.uif
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4.10.7

Instrument Specific File

Test | Start | Stop | Beam Comment Command
No run run line
18 35600 | 35600 | 2 Specify valid ISF for Convert_NeXus /firstfile=35600
experiment /lastfile=35600 /beamline=2
/isf=musr_specific.isf
19 37000 | 37000 | 1 Specify MUSR ISF for Convert_NeXus /firstfile=37000
EMU experiment. Should /lastfile=37000 /beamline=1
process but display /isf=musr_specific.isf
warning
20 35600 | 35600 | 2 Specify non existent ISF. Convert_NeXus /firstfile=35600
Should display warning /astfile=35600 /beamline=2
and continue conversion /isf=xyz.xyz
21 35600 | 35600 | 2 Specify corrupt ISF. Convert_NeXus /firstfile=35600
Should display warning /Nastfile=35600 /beamline=2
and continue conversion /isf=test_uif.uif
4.10.8 Collimator Information
Test | Start | Stop | Beam Comment Command
No run run line
22 30000 | 30000 | 2 Test to enter collimator Convert_NeXus /beamline=2
information /firstfile=30000 /lastfile=30000
/col.type=slitties /col.apt=1.7
23 30000 | 30000 | 2 Test blank collimator Convert_NeXus /firstfile=30000
information, should set to /lastfile=30000 /beamline=2
default and continue /col.type=/col.apt=
processing
4.10.9 Time Zero Information
Test | Start | Stop | Beam Comment Command
No run run line
24 30000 | 30000 | 2 Test to enter time_zero Convert_NeXus /beamline=2
information /firstfile=30000 /lastfile=30000
/T0=1.45
25 30000 | 30000 | 2 Test with invalid floating Convert_NeXus /firstfile=30000

point number

/lastfile=30000 /beamline=2
/TO=hello
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S. NeXus_READER

5.1 Introduction

Complementary to the Convert_NeXus application, NeXus read routines are provided to enable
information stored in the NeXus muon data files to be read by user applications. Versions
written in Fortran 77 and C are available. These read routines conform to the ISIS Muon
Instrument Definition Version 1 and have been tested under a variety of operating systems

including VMS and Windows NT.

5.1.1 Common features

Despite the idiosyncrasies of the C and Fortran programming languages, we have attempted to
maintain a consistent style for the structure and semantics of the two versions of the ISIS Muon
NeXus read routines. Variable names, constants, display messages and the order in which the
read routines traverse the NeXus file have been synchronised. The main differences are the way
each reader handles memory allocation and the method by which the user can access the desired

information.

5.1.2 ISIS Muon NeXus Instrument Definition

The NeXus read routines have to follow a standard. We have produced an Instrument
Definition which describes the structure and content of our NeXus file. We are currently at
version 1, and the read routines traverse the NeXus files according to this specification. The
ISIS Muon Instrument Definition is listed in Chapter 2. This definition denotes the optional and
essential elements in accordance with the uSR community Instrument Definition discussed
during the NeXus workshop held at PSI, Switzerland in Spring 2001. Also specified are the
units, coordinate systems and data types (including the rank of data types). It is important to
note that although we have released version | of our Instrument Definition and accompanying

software, this is by no means definitive and future modifications are envisaged.

5.2 C Version

The C NeXus read routine has been developed in Microsoft Visual C++ on the Windows
platform; the code is ANSI compatible. The routine has been tested under both Windows NT

and the Open VMS operating systems.

The C NeXus read routine comprise of the following files:
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Nexus_reader.h — C header file which defines a structure which contains all the Muon
data, defines a number of constants and methods which are used in the NeXus reader.
Nexus_reader.c — contains the code that actually reads the Nexus file.

NAPILh — ANSI C NeXus AP] Header File.



5.2.1 Nexus_reader.h

struct NXM_MUONUIF
{
NXname
NXname
Yi

struct NXM_MUONIDF
{
/* NXrun */
NXname
NXname
int
int

/* NXuser */
NXname
NXname

int

uif_element_name; '
uif_element_value;

run_program_name;
run_program_version;

Here a structure is
defined for the UIF
elements.

run_IDF_version; .
run_number;

user_name;
user_experiment_number;
user_uif_array_length;

struct NXM_MUONUIF * user_uilf_array;

/* NXdata histogram_data_1 */

int *
int

int

int

int

int

int
NXname
float =*
NXname
float *
NXname
int

int *
int
float *

histogram_counts;

histogram number;
histogram_length;

histogram tO0_bin;
histogram_first_good_bin;
histogram_last_good_bin;
histogram_resolution;
histogram_resolution_units;
histogram_raw_time;

histogram raw_time_units;
histogram corrected_time;
histogram corrected_time units;
histogram_grouping_available;
histogram_grouping;
histogram_alpha_available;
histogram_alpha;

/* NXlog events_log_1 */

int

NXname
float *
NXname
float *

NXname
}s

int NXMread(char *nxfname,

events_log_available;
events_log_name;
events_log_values;
events_log_values_units;
events_log_time;

events_log_time_units;

void NXMfreememory(struct NXM_MUONIDF *nxfdata);

Next a structure is
defined to store the
contents of the
nexus file. This
structure may
contain many UIF
structures.

Note, for brevity,
some of the element
declarations are
missing from this

figure.

struct NXM_MUONIDF **nxfdata);

This code denotes
the methods that
are available in the
NeXus read routine,
along with their
input and retwn
parameters.

This header file consists of the ‘muon_def” structure which will act as a container for the data

read from the nexus file. This method has the advantage that the nexus read routine can read the

data from the nexus file into this structure and pass the self contained structure neatly back to

the user’s program. The header file also defines the functions contained within the

‘c_nexus_reader.c’ file.
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5.2.2 Nexus_reader.c

#include <stdio.h>
#include "napi.h"
#include "nexus_reader.h"

/* switch for debugging information */
#define _DEBUG_ 1

/* information locating read routine */

These are the files
that NeXus_Reader.c
are dependant

#define _READVERSION_ 1 /* Version number of read routine */

#define _IDFVERSION_ 1 /* Compatible version of Instrument Definition File */
#define _ANALYSIS_ "muonTD" /* Compatible analysis */

#define _LAB_ "ISIS"._ /* Compatible lab */

/* structure defining file information */

struct NXM_MUONIDF muon; F\

/* macro for adding debug information */
#define NXMdebug(format, value) \

if (_DEBUG_) printf(format, value)

/* macro handling function calling,
#define NXMerrorhandler (function) \
if (function != NX_OK) return N¥X_ERROR

static int NxXMdatasize{int dataType)
{

int size; .
switch (dataType)
{
case NX_CHAR:
gslze =
break;
NX_FLOAT32:
size = SIZE_FLOAT32;
break;
NX_FLOAT64 :
size = SIZE_FLOAT64;
break;
NX_INTS8:
size =
break;
NX_UINTS8:
size =
break;
NX_INT16:
size =
break;
NX_UINT16:
size =
break;
NX_INT32:
gize =
break;
NX_UINT32:
size = SIZE_UINT32;
break;
default:
size = 0;
break;

SIZE_CHARS;

case
case
case

SIZE_INTS8;

case
SIZE_UINTS;

case
SIZE_INTL16;

case
SIZE_UINT16;

case
SIZE_INT32;

case

)

return size;
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These are constants
used by the read
routine

Here is where the
structure that defines
the contents of the
NeXus file is defined

returns with NX_ERROR if function call failed */

Function returns size
of supplied data type
in bytes. This make
the read routine
scalable across
different platforms




static

int NXMgetstringdata{NXhandle file_id, char *str) .\
{

int i, rank, type, dims(32];
NXname data_value;

NXMerrorhandler ( (NXgetinfo(file_id, &rank, dims,
if ((type != NX_CHAR) || (rank > 1) || (dims[0]

{
printf("\nFatal error in routine ‘getstringdata’\n\n");
exit(0);

&type)));
>= VGNAMELENMAX} )

This method handles
the reading of string
data from the NeXus
file, adding a null
terminator for
compatibility with C
string handling

}
NXMerrorhandler ( (NXgetdata(file_id, data_value)));

for (i = 0; 1 < dims[0]; i++)

*{str + i) = *(data_value + 1i);
*{stxr + i} = "\0’;

return 1;

static int NXMgetstringattr (NXhandle file_id,

char *name, char *str)
{ .\

int i,
NXname

attlen, atttype;
data_value;

attlen = VGNAMELENMAX -
atttype = NX_CHAR;
NXMerrorhandler { (NXgetattr(file_id,

1;

name, data_value, &attlen, &atttype)));

for (i = 0; i < attlen; i++)
*(str + i) = *(data_value + i);

*(str + 1) = ’'\0’;

return 1;

static void *NXMmemoryhandler (NXhandle file_id) ‘~
{
int 1, rank, type, dims{32],
char *data _ptr;

size;

NXMerrorhandler ( (NXgetinfo(file_id,
size = dims{0];
for (i = 1; 1 < rank; i++)
size = size * dims[i];
size * NXMdatasize(type);
((data_ptr = malloc (size))
{
printf ("\nMemory allocation error:
exit (0);
}

&rank, dims, &type)));

size =
if

NULL)

can’t allocate %d bytes\n\n", size);

static void NXMfree(void *data_ptr)
{
if

(data_ptr != NULL) free(data_ptr);

}

This method handles
the reading of string
data attributes from
the NeXus file,
adding a null
terminator for
compatibility with C
String handling

This method
allocates memory
for a NeXus data
item, returning a
pointer to the

allocated memory
block

Method frees
memory from NeXis
data items provided
the pointer
argument is non

NULL
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int NXMread{(char *nxfname, struct NXM_MUONIDF **nxfdata) ."/’/

{
NxXhandle file_id;
NXname group_name, class_name, data_name;
int i, attlen, atttype, numitems, data_type, uif_count;

*nxfdata = &muon;

/* open NeXus file for reading */
NXMerrorhandler ( (NXopen {nxfname, NXACC_READ, &file_id)));
NXMdebug ("%$s\n", "Opening NeXus file...");

/* open root group ‘NXentry'’ */

Returns data from
the NeXus file
‘nxfname’ in
structure ‘nxfdata’

NXMerrorhandler ( (NXopengroup(file_id, "run", "NXentry")));

NXMdebug ("%s\n", "Opening ’'NXentry’'..."};

/* display (in debug mode) NeXus reader version and IDF compatible version number */
NxXMdebug ( "\nNeXus reader version %d\n", _READVERSION_);

NXMdebug ( "Compatible with Instrument Definition File version %d\n\n", _IDFVERSION_) ;

/* read IDF version */
NXMerrorhandler ( (NXopendata({file_id, "IDF_wversion"}});
NXMerrorhandler ( (NXgetdata(file_id, &muon.run_IDF_version)));
NXMerrorhandler{ (NXclosedata(file_id)));

NxMdebug ("IDF version: %$d\n", muon.run_IDF_version);

/* check reader compatibility */
if ({(muon.run_IDF_version != _IDFVERSION
(strcmp (muon.run_analysis, _ANALYSIS

{

|| (strcmp{muon.run_lab,

Here the read
routine checks that
the NeXus file is
compatible with the
reader.

_LAB_)))

printf ("\nFatal error: Read routine incompatible with Instrument Definition used

to write data\n");

printf ("Found, IDF Version: %d, Analysis: %s, Lab: %s\n", muon.run_IDF_version,

muon.run_analysis, muon.run_lab);

printf ("Expecting: IDF Version: %d, Analysis: %s, Lab: %s\n\n",

_ANALYSIS_, _LAB_);
exit(0);

}
/* close root group ’‘NXentry’' */

NXMerrorhandler ( (NXclosegroup{file_id)));
NXMdebug ("%s\n", "“Close ’'NXentry’'"“};

/* close NeXus file */
NXMerrorhandler ( (NXclose (&file_id)));
NXMdebug {"%s\n", "Close NeXus file");

return NX_OK;

/* NXMfreememory - free memory claimed in NeXus file */
void NXMfreememory (struct NXM_MUONIDF *nxfdata) ‘\
{

/* NXlog (temperature) */

NXMfree (nxfdata->temperature_log_values) ;

NXMfree (nxfdata->temperature_log_time);

/* NXlog (events) */

NXMfree (nxfdata->events_log_values);

NXMfree (nxfdata->events_log_time);

/* NXdata */

NXMfree (nxfdata->histogram_counts) ;

NXMfree(nxfdata->histogram_raw_time) ;

NXMfree{nxfdata->histogram_corrected_time) ;

NxMfree(nxfdata->histogram_grouping) ;

NXMfree (nxfdata->histogram_alpha) ;

/* NXuser */

NxXMfree (nxfdata->user_uif_array};

/* NXsample */

NXMfree (nxfdata->sample_magnetic_field vector);

/* NXdetector */

NxXMfree (nxfdata->detector_angles);

NXMfree(nxfdata->detector_deadtimes) ;
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_IDFVERSION_,

The read routine
continues to traverse
the NeXus file and
closes the file on
completion.

This method frees
the memory of each
of the allocatable
data items by calling
NXMfree() on each

of them in turn.




5.2.3 Test nexus_reader.c

#include "napi.h"
#include "nexus_reader.h"

void main{)

{

struct NXM_MUONIDF *muon_ptr;
int *histogram_ptr;

int i, j, histogram;

char nxfname(80];

o —

/* read filename from keyboard */
printf("Please enter nexus filename : "“);
scanf (“%s", nxfname) ;

/* read NeXus file */
(void) NXMread (nxfname,

-~

&muon_ptr) ;

/* print contents of NeXus file */

printf{"\n\nNeXus File Contents\n\n");
printf ("Program name: %s\n",
printf ("Program version: %s\n",

/* NXdata */
printf ("Number of histograms:
printf {("Time zero bin: %d\n",
printf ("Histogram length: %d\n",
printf ("First good bin:

printf ("Last good bin: %d\n",

.

These are the files that the
user must include in their
own program.

Here the user must declare a pointer that
will reference the NXM_MUONIDF
structure and a pointer that will reference
the histogram data within that structure.

To read the NeXus file, the user must pass
the NXMread routine a filename and a
pointer to a NXM_MUONIDF structure.

muon_ptr->run_program_name) ;
muon_ptr->run_preogram_version) ;

$d\n", muon_ptr->histogram_number);
muon_ptr->histogram_t0_bin);
muon_ptr->histogram length) ;
%d\n", muon_ptr->histogram first_good_bin);
muon_ptr->histogram_last_good_bin);

The supplied pointer
now references the
NeXus data and the
user can access the
information as left.

o

printf ("Histogram resolution: %d\n", muon_ptr->histogram_resolution);

This code
. demonstrates pointer
printf ("\nHistogram information - (Raw Time, Corrected Time, Counts) znanqndatnnzqf

(time in %s):\n",
histogram = 0;

istogram_lengthl);

* get the start of desired histogram */
for (i = 0; 1 < {muon_ptr->histogram_length);
{
printf("(%£, %£f, %d)\n",
* {muon_ptr->histogram_corrected_time + i},
}
printf(“\n");

/* access logged information events */
if {(muon_ptr->events_log_available > 0)
{
printf ("\nEvent Log - Time (%s),
events_log_time_units,
for (1 = 0; 1 <
{
intf (" (%€, %£)\n",
events_log_values[1i]);

else
printf{("\nEvent log not available\n");

/* free memory claimed by read routine */
NXMfreememory (muon_ptr) ;
}

muor_ptr->histogram_corrected_time_units};
/* choose which histogram you want
histogram_ptr = &(muon_ptr->histogram_counts(histogram * muon_ptr->

1i+=50)

Recorded events
muon_ptr->events_log_values_units);
{muon_ptr->events_log_available);

muon_ptr->events_log_time(i],

individual histogram
by printing every 50"
value in the 1"
histogram with time
stamp.

(starting at zero) */

/* extract data */

* {muon_ptr->histogram_raw_time + i},
* (histogram_ptr+=50});

This sample checks to see if
any event log values are
available, if so it prints them
to the screen.

{%$s)\n", nuon_ptr->
i++)

muon_ptr->

To prevent memory
leaks the user should
call the
NXMfreememory
routine to reclaim
the memory
occupied by the
NeXus data.
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5.2.4 Compilation Instructions

To recompile this application, the following files will be required along with a standard ANSI

C compiler:

e NAPLh

e Nexus_reader.c

e Nexus_reader.h

e Test_nexus_reader.c (or suitably modified for a user application)
In these instructions it is assumed that the HDF libraries and NeXus API’s are currently
installed. If these are not yet installed, please refer to the NeXus Data Format Homepage

(http://www.neutron.anl.gov/nexus/NeXus_API html#install) for detailed instructions.

Step 1 - Compile the above “.c” files in sequence

Step 2 - Link Test_nexus_reader, Nexus_reader, NeXus API (where NeXus API exists)

& DECterm 1 : : =
AFﬂe x Pri :

$set verify
$define hdf_root axplib$disk:[4_1r3_alphavms?_1.] ! where you installed HDF, trailing “." is needed

$define nexus_root userdisk:[df0l.] ! where the nexus library exists

$ CC/INCLUDE=axplihsdisk:[4_1r3_alphavms?_1.include] MEXUS_READER.C

i|$ CC/INCLUDE=HDF_ROOT: [INCLUDE] test_nexus_reader.c

$ LINK test_nexus_reader,nexus_reader, nexus_root: [nexusINEXUS.0LB/LI8, HDF_ROOT: {LIBIMFHOF/LIB, DF/LIB, LIBZ/LIB, LIBJPEG/LIB

Figure 5.1 - NeXus_Reader Compilation Instructions

5.2.5 Limitations

The C NeXus read routine is restricted in that it currently only reads one NXdata group. At
present, however, this is acceptable for the ISIS muon data files since it is very rare that an
experiment has differing histogram properties. Also, the reader only reads one set of

temperature log data and one set of event log data.
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5.3 F77 Reader

The F77 NeXus read-routine has been developed on the VMS operating system using a
standard DEC Fortran 77 compiler. We have decided to produce a Fortran 77 version because
this will be compatible both with Fortran 77 and Fortran 90 applications. The read routine

comprises of the following files:

s  NAPIF.INC
e NEXUS_READER.FOR
* MUON_DEF_F77.INC or MUON_DEF_F90.INC (for either Fortran 77 or
Fortran 90 respectively)
5.3.1 MUON_DEF

There are two versions of the MUON_DEF: MUON_DEF _F77.INC and
MUON_DEF_F90.INC. This is purely because of the syntactic peculiarities of the F77 and IF90
programming languages. The user must choose a version according to the language their
application is written in. The MUON_DEF essentially declares a common block for character
data, integer data and float data, defining the variables that will be read from the NeXus file.

These variables will then be accessible from the users application.

It is necessary to define certain

C constant to define length of strings :
INTEGER NXMoame @ ——————— | constanss for both versions of
PARAMETER (NXMname = 60) the NeXus Reader, but the

_ Fortran 77’s inability to

C switch for debugging information d .

LOGICAL DEBUG support dynamic memory
PARAMETER (DEBUG = .TRUE.) allocation means that we must

C version number of the read routine declare the Mppe'.bou’MhUleS

INTEGER READVERSION for each array.

PARAMETER (READVERSION = 1)

c compatible version of instrument definition file
INTEGER IDFVERSION
PARAMETER (IDFVERSION = 1)

c compatible analysis
CHARACTER* (NXMname) ANALYSIS
PARAMETER (ANALYSIS = ‘muonTD’)
C compatible lab

CHARACTER* (NXMname) LAB
PARAMETER (LAB = 'ISIS’)

C uif array length
INTEGER UIFLENGTH
PARAMETER (UIFLENGTH = 30)

C number of detectors

INTEGER NUMDETECTORS
PARAMETER (NUMDETECTORS = 32)
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C

NXM_

NXM_

NXM_

HHE#HE NXrun ##

CHARACTER* (NXMname) NXM_run_program_name
CHARACTER* (NXMname) NXM_run_program_version
INTEGER NXM_run_idf_version

INTEGER NXM_run_number

CHARACTER* (NXMname) NXM_run_title

#4##4# NXdata histogram data_1 #####
INTEGER NXM_histogram_counts (MAXHISNUM, MAXHISLEN)
CHARACTER* (NXMname) NXM_histogram_counts_units
INTEGER NXM_histogram number

INTEGER NXM_histogram length

INTEGER NXM_histogram t0_bin

INTEGER NXM_histogram first_good_bin

INTEGER NXM_histogram_last_good_bin

INTEGER NXM_histogram_resolution

CHARACTER* (NXMname) NXM_histogram_resolution_yhits

##### NXlog event_log_1 ####4#

INTEGER NXM_event_log_available
CHARACTER* (NXMname) NXM_event_log_nam
REAL NXM_event_log_values (MAXLOGLEN
CHARACTER* (NXMname) NXM_event_log_
REAL NXM_event_log_time (MAXLOGL
CHARACTER* (NXMname) NXM_event_lgg_time_units

lues_units

define comm blocks here

block for integer data

COMMON /NXM_integer_data_block/ NXM_run_idf_version,
run_switching_states, NXM_user_uif_array_length,

&NXM_sample_mfield_vec_available,
detector_angles_available, NXM_deadtimes_available,

&NXM_beam_daereads, NXM_beam_frames,
histogram_length,

&NXM_histogram_t0_bin, NXM_histogram first_good_bin,

NXM_histogram resolution,

NXM_histogram_alpha_available,

C

NxXM_

NXM_

NXM_

C
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&NXM_histogram_grp_available, NXM_histogram_grouping,
NXM_histogram_t0_available,
&NXM_temp_log_available, NXM_event_log_available
block for real data

COMMON /NXM_real_data_block/ NXM_sample_ temperature,
sample_mfield_vector,
&NXM_detector_angles,
histogram_raw_time,
&NXM_histogram_corrected_time, NXM_histogram_alpha,
temp_log_values, NXM_tewp_log_time,
&NXM_event_log_values, NXM_event_log_time

NXM_detector_deadtimes,

block for character data

COMMON /NXM_character_data_block/ NXM_run_program_name,

&NXM_run_title, NXM_run_notes, NXM_run_analysis,
&NXM_run_start_time, NXM_run_stop_time,
&NXM_user_experiment_number,
&NXM_sample_name, NXM_sample_temperature_units,
&NXM_sample_shape, NXM_sample_magnetic_field_state,
&NXM_sample_environment, NXM_instrument_name,

&NXM_collimator_aperture,
&NXM_histogram_resolution_units,
&NXM_histogram_ctime_units,
&NXM_temp_log_values_units,
&NXM_event_log_values_units,

NXM_temp_log_time_units,

NXM_detector_number,

NXM_histogram_counts,

NXM_event_log_time_units

Here each of the variables that will
be utilised by the users program is
defined.

Each variable has been named
carefully to give a self explanatory
description of what each element
holds.

Once all the variables have been
defined, they must be included in a
common block.

The common block is used because
the reader extracts the dasa from
the NeXus file and places it in
memory, and by defining this
common block in the MUON_DEF
header file, the users application
can access this same area of
memory.

Note: To avoid confusion, a
common block has been declared
for each data type, i.e. integer, real
and character. This reduces the
likelihood of memory overwrite.

NXM_run_number,

NXM_histogram_number,

NXM_histogram_last _good_bin,

NXM_sample_magnetic_field,

NXM_beam_total_counts,

NXM_histogram_time_zero,

&NXM_run_program_version,

NXM_run_lab, NXM_run_beamline,
NXM_run_duration,
NXM_user_uif_element_name,

NXM_user_name,
NXM_user_uif_element_value,

NXM_sample_magnetic_field_units,
NXM_sample_mfield_vector_coord,
NXM_detector_orientation,
&NXM_detector_angles_coord, NXM_detector_deadtimes_units,
NXM_beam_total_counts_units,

NXM_collimator_type,
NXM_histogram_counts_units,

NXM_histogram_raw_time_units,
NXM_histogram_time_zero_units,

NXM_temp_log_name,

NXM_event_log_name,



5.3.2 NEXUS_READER.FOR

The F77 NeXus consists of one subroutine “NXMread” which traverses the NeXus file and

places its contents in memory (via common blocks). All array sizes are declared statically using

predefined constants.

INTEGER FUNCTION NXMread (nxfname) '\

include ’'NAPIF.INC’

C constant to define length of strings
INTEGER NXMname
PARAMETER (NXMname = 60)

C switch for debugging information
LOGICAL DERUG
PARAMETER (DEBUG = .FALSE.)

C version number of the read routine
INTEGER READVERSION
PARAMETER (READVERSION = 1)

C compatible version of instrument definition file
INTEGER IDFVERSION
PARAMETER (IDFVERSION = 1)

C raximum number of histograms
INTEGER MAXHISNUM
PARAMETER (MAXHISNUM = 80)

C #HH##E NXrun #####
CHARACTER* (NXMname) NXM_run_program_
CHARACTER* (NXMname) NXM_run_program version
INTEGER NXM_ryun_1idf_version
INTEGER NXM_run_number
CHARACTER* {NXMname) NXM_run_title
CHARACTER* (NXMname) NXM_run_notes
CHARACTER* (NXMname) NXM_run_analysis
CHARACTER* (NXMname) NXM_run_lab
CHARACTER* (NXMname) NXM_run_beamline

C it #tt# NXdata histogram data_1 #####
INTEGER NXM_histogram counts (MAXHISNUM, MAXHISLEN)
CHARACTER* (NXMname) NXM_histogram counts_units
INTEGER NXM_histogram_number
INTEGER NXM_histogram length
INTEGER NXM_histogram tO_bin
INTEGER NXM_histogram first_good_bin
INTEGER NXM_histogram last_good_bin
INTEGER NXM_histogram_resolution
CHARACTER* (NXMname) NXM_histogram_resolution_units
REAL NXM_histogram_raw_time (MAXHISLEN)

C #####4 NXlog temperature_log_ 1 #####
INTEGER NXM_temp_log_available
CHARACTER* (NXMname) NXM_temp_log_name
REAL NXM_temp_log_values (MAXLOGLEN)
CHARACTER* (NXMname) NXM_temp_log_values_units
REAL NXM_temp_log_time (MAXLOGLEN)
CHARACTER* (NXMname) NXM_temp_log_time_units

The reader takes as an input
parameter a string representing the
NeXus filename.

The Reader also defines a number
of constants. As mentioned before,
the F77 header must declare upper
boundary limits on arrays because
we cannot dynamically allocate
space in Fortran 77.

We must declare variables to store
the data read from the NeXus file.
These names have been kept
identical to those used in the
MUON_DEF.
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C

COMMON /NXM_integer_data_block/ NXM_run_idf_version,

if

78

(debug) print *,

define common blocks here

block for integer data

NXM_run_number,
&NXM_run_switching_states, NXM_user_uif_array length,
&NXM_sample_mfield_vec_available, NXM_detector_number,
&NXM_detector_angles_available, NXM_deadtimes_available,
&NXM_beam_daereads, NXM_beam frames, NXM_histogram_counts,
&NXM_histogram_length, NxM_histogram_tO_bin,
&NXM_histogram_last_good_bin, NXM_histogram_resolution,
&NXM_histogram _grp_available, NXM_histogram_grouping,
&NXM_histogram_alpha_available, NXM_histogram_t0_available,
&NXM_temp_log_available, NXM_event_log_available

CRERRERAEARRERRAERE Open Nexus File @ERRECEALCERREREREREE

i1f (NXopen (nxfname, NXACC_READ, file_id) .NE. NX_OK) stop
if (debug) print *, ’'Opening NeXus file...’
@QRERAREERREERREEREE Open ’'Run’ Group QEREREEEREREEEEREEAE

if (NXopengroup (file_id, ’'run’, ’‘NXentry’) .NE. NX_OK)

if (debug) print *, ’'Opening "NXentry"...’

display (in debug mode) Nexus reader version and IDF compa

version number
if (debug) then
print *, ¢
print *, ’Nexus reader version ’, READVERSION
print *, ’Compatible with ISIS Muon Instrument Definition
& version ', IDFVERSION
print *, * '
end if

read idf version

if (NXopendata ({(file_id, ’'idf_version’) .NE. NX_OK) stop

if (NXgetdata (file_id, NXM_run_idf_version) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, 'IDF version : ', NXM_run_idf_version

read analysis

if (NXopendata {file_id, ’'analysis’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_run_analysis) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, 'Analysis : ', NXM_run_analysis

read lab

if (NXopendata {(file_id, ’lab’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_run_lab) .NE. NX_OK) stop

if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, 'Lab : ', NXM_run_lab

read beamline

if {NXopendata (file_id, ‘beamline’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_run_beamline) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ‘Beamline : ’, NXM_run_beamline

QQARRRREAERERRRAE close NXentry group CREEEEREEEREERREREAE

if (NXclosegroup (file_id) .NE. NX_OK) stop
if (debug) print *, *
if (debug) print *, ’'Closing NXentry...’

(RREREREARERREARRARERA close NeXus file CGRERRERRARCLREERRERRE
if (NXclose {(file_id) .NE. NX_OK) stop

if {debug) print *, * -
‘Closing NeXus file...’

NXMread = 1
END

NXM_histogram_number,
NXM_histogram_first_good_bin,

After declaring the variables
to store the NeXus data, we
must create a set of common
blocks identical to those in the
MUON_DEF. This will share
the memory between the
reader and the user’
application.

The Reader then navigates the
each group in the NeXus file,
and places the appropriate
data in the variables defined
above.




5.3.3 TEST_NEXUS READER.F77

program test_nexus_reader .

include ’'muon_def_F77.inc’
character*60 fname
integer status, 1, j, k, histogram

WRITE (*,*) ’'Please Enter Nexus File Name’
READ (*,*) fname
print *, *
print *, ’ '
status = NXMread (fname)
o—

The users application must
include the appropriate
MUON_DEF.

Then they must call the
NXMread routine supplying a

end

print *, ‘NeXus file Contents...’ valid NeXusﬁlenam&
print *, 7
C NX Un —----mmmm e o e e e m e
print *, ’Program name : ’',NXM_run_program_name
print *, ‘Program version : ’,NXM_run_program_version
print *, ’‘Run number : ’, NXM_run_number
) . s . .
g;igi . E;Eiz m"?&g:ﬁ;ii @- The data is then read into
print *, ’‘Start time : ‘, NXM_run_start_time nuﬁnOIylﬂndis easﬂy
print *, ’Stop time : *, NXM_run_stop_time accessible, as shown in the
print *, ’Duration : ‘', NXM_run_duration
print *, ’'Switching states : ‘', NXM_run_switching_states example code.
C NXuser------ e —— mm mm o SR - — o m -
print *, ‘User name : ’, NXM_user_name
print *, ’‘Experiment number : ‘', NXM_user_experiment_number
c NXdata--— - - — - mmm e oo
print *, ‘Number of histograms : ‘, NXM_histogram number
print *, ’‘Time histogram length : ’, NXM_histogram_length
print *, ‘Time zero bin : ’, NXM_histogram tO0_bin
print *, 'First good bin : ', NXM_histogram first_good_bin
print *, ‘Last good bin : ‘, NXM_histogram_last_good_bin
print *, ‘Histogram_ resolution : ', NXM_histogram_resolution, in
' ,NXM_histogram_resolution_units
print *, ‘Histogram units : ’, NXM_histogram_ counts_units
C NXlOog--c-mmmmm e m e -
if (NXM_temp_log_available.gt.l) then
print *, * !
print *, ’‘Temperature Log - time (seconds), temperature (kelvin)’
do i=1, NXM_temp_log_available
print *, ’{’, NXM_temp_log_time(i),’,’, NXM_temp_log_values{i),"'})’
end do
end it
C NK OG- mm s s s o o o o
if (NXM_event_log_available.gt.0) then
print *,
print *, ‘Event Log - time (seconds), events (counts)’
do i=1, NXM_event_log_available
print *, ’{’, NXM_event_log_ time(i), ’,’, NXM_event_log_values(i), ')’
end do
end if
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5.3.4 Compilation Instructions

To recompile this application, the following files will be required along with a standard DEC

Fortran compiler:

e NAPIF.INC
e NEXUS_READER.FOR
e MUON_DEF_F77.INC or MUON_DEF_F90.INC (for either Fortran 77 or

Fortran 90 respectively)
e TEST_NEXUS_READER.FOR or TEST_NEXUS_READER.F90 (or suitably
modified for a user application)
In these instructions it is assumed that the HDF libraries and NeXus API’s are currently
installed. If these are not yet installed, please refer to the NeXus Data Format Homepage

(http://www.neutron.anl.gov/nexus/NeXus APILhtml#install) for detailed instructions.

Step 1 - Compile the above Fortran files in sequence
Step 2 - Link TEST_NEXUS_READER, NEXUS_READER, NeXus API (where NeXus API

exists)

$set verify
$define haf_root axplib$disk:[4_1r3_alphavms?_1.]1 ! where you installed HOF, trailing .
|sdefine nexus_root usersdisk:[df01.] ! where the nexus library exists

| 3FOR/ extend nexus_reader. for

$FOR/ extend test_nexus_reader.for

$1link test_nexus_reader, nexus._reader, axplib$disk:[nexuslnexus_f77/opt

is needed

Figure 5.2 — Fortran NeXus_Reader Compilation Instructions

5.3.5 Limitations

The Fortran NeXus reader has a number of limitations. Of particular importance is the inability
of the language to support dynamic memory allocation, which means that we have had to
statically declare the sizes of the various arrays. The Reader is also restricted to reading only
one NXdata group. At present, however, this is acceptable for the ISIS muon data files because
it is very rare that an experiment has differing histogram properties. Also, the reader only reads

one set of temperature log data and one set of event log data.
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5.4  Error Messages

The error messages produced from each reader have been made as consistent as possible.

Below is a table listing each error message and describing why each message has appeared.

| Message Meaning
. Error “Fatal Error : Read routine The Instrument definition is expected to change
? incompatible with instrument over fime. The situation may occur where an old
- definition used to write data” version of a NeXus file Is read by an up to date
' : NeXus read routine.

[ Warning “Magnenc field vector not This message appears if the reader cannot find any
ilable™ Sy magnetic field vector values

Warning  “Detector angles nof available” This message appears if the reader cannot find any
{ » detector angle values:
. Warning : “Detector dead times not This message appears if the reader cannot find any
i “available? = dead-times
| Warning 1 “Hlstomam € zero + This message appears if the reader cannot find a
i avaxlab] Soahan . time zera value -
' - This message appears if the reader cannot fmd any.

orou )ing infor matlon

ISIS” &
Some elem‘ nt "'m the fexus ﬁle have umts

Diagnostic ¢t s “ <element name>  When reading some of the more complex elements.
; :  the read routine displays a message to let the user

5 : “know that it is reading a value or sef of values

| Diagnostic “ap - <OTOUp Nar - As the read routine traverses the NeXus file 1t

| el : b notifies the uset when it opens a group.

| Diagnostic closing © <grotip na : Likewise the reader notlfles the user when the

: ' . reader has closed a group.

Figure 5.3 — NeXus_Reader Error Messages Table
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6. TMOGGER

6.1 Tmogger User Manual

Tmogger is a hybrid of the existing applications “Tlogger” and “MACQlogger”. Tmogger
enables the user to plot temperature and event log information individually or together on the
same page. Tmogger is written in Fortran 90 and uses the Fortran 77 NeXus read routine to

interpret the user supplied NeXus files.
Advantages of Tmogger:
e (Can display Temperature Log data.
e Can display Event log data.

e Temperature log data has been collated and time stamped from all the different versions

of the temperature log file.
¢ Event log data has been time-stamped.

¢ Candisplay all the data available in the NeXus file.

6.1.1 How To Compile Tmogger

To recompile this application, the source code for the following files will be required along

with a standard Fortran 90 compiler:

e Nexus_reader.for

e  Tmogger_module.f90
e  Tmogger.f90

e Napif.inc

e Muon_def.inc

In these instructions it is assumed that the HDF libraries and NeXus API’s are currently
installed. If these are not yet installed please refer to the NeXus Data Format Homepage

(http://www.neutron.anl.gov/nexus/NeXus_APLhtml#Install) for detailed instructions.

Step 1 — Compile above Fortran files in sequence

Step 2 — Link Tmogger, Tmogger_module, NeXus F77 API (where Nexus Library exists)
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|$set verify 2y |
| $define hdf_root axplib$disk:[4_1r3_alphavms?_1.] ! where you installed HOF, trailing "." is needed
{¢define nexus_root user$disk:[df01.] ! where the nexus library exists

JsFor/extend nexus_reader.for i
| $F90/noop/debug tmogger_module. f30
$f30/noop/debug tmogger.fI0
$1ink tmogger, tmogger_module,nexus_reader, axplib$disk:[nexusInexus_f77/opt, pgplot/opt v

Figure 6.1 — Tmogger Compilation Instructions Screenshot

6.1.2 How To Set-Up Tmogger

This manual guides the user through a step by step process of utilising the features of Tmogger.

To run the application the user must first initialise the application. This is achieved by typing:
“@ muonddisk:[muonmgr.software.utilities. NeXusJNeXus_setup” at the 1S1S VMS command

prompt (See Figure 3.2)

The above command will execute a command file, which will install a suite of muon NeXus

applications in the users current directory. The applications installed are:

e Convert_NeXus — Application which converts ISIS Muon MCS data files into NeXus
format.
e NXbrowse — Open source NeXus file browser.
¢ NeXus_UDA - USR Data Analysis program which can interpret ISIS Muon NeXus
files.
e [77 NeXus_Reader —1SIS Muon NeXus read routine written in F77 (allows users to
read NeXus data into their own programs).
e (C NeXus Reader - ISIS Muon NeXus read routine written in C (allows users to read
NeXus data into their own programs).
e Tmogger — Application which plots temperature and event logs stored in ISIS Muon
NeXus files.
e UIF_creator — Application which produces UIF files for Convert_NeXus.
It should also be noted that the command file copies across any additional information required
by these applications including a selection of test data, and will also initialise any logical

variables needed.

We will only concern ourselves with the ‘Tmogger’ application here. For more information on
the other available software please refer to the Muon NeXus homepage
(www.isis.rl.ac.uk/muons/nexus).
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6.1.3 Getting Started

Now that the suite of NeXus applications have been set-up, Tmogger can be run by typing
“TMOGGER” at the command line.

|$ THOGGER

|Welcome, you are running TMOGGER version 1

1This program plots temperature and/or event log information
from the supplied NeXus file

If you have any problems or gqueries, please contact

Damian. Flannery@rl.ac.uk

1. T logger -
2. MACQ logger -
3. 7T logger and MACQ logger -

Temperature Values
Event Values
Temperature and Event Yalues

Please choose option :

When the user
executes Tmogger a
welcome message
appears on the
screen along with a
short menu. This
menu asks the user

which values they

would like to plot on the screen. Option 1 plots temperature log values on the screen. Option 2

plots event log values on the screen. Option 3 plots both temperature and event logs together on

the screen.

§ £ DECterm 1

It »-iﬁ;"";'} :;’
| This program plots temperature and/or event log information
from the supplied NeXus file

| If you have any problems or queries, please cantact

Damian. Flannery@rl.ac.uk

f 1. T logger -
12, MACQ logger -
3. T logger and MACA logger -

Temperature Values
Event Values
Temperature and Event Values

|Please choose aption :
3

,|Please enter NeXus filename :

.| 35000 .nx<}

Once the user has
chosen which
values to plot,
Tmogger requests
a NeXus filename.
(Note. This is
relative from the

current directory)
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| [C(enm

{Please enter NeXus filename :
1135000 .nxs
J0pening Nexus file. ..
{{Opening “Nxentry"...

|Nexus readsr version 1
Compatible with ISIS Muon Instrument Definition version 1

| I0F version : 1
Analysis : muontD

Lab : ISIS

|Beanline : EMU

A Program Name : MCS

{Program Version : RO

“{Run Number : 35000

Title : Temperature = 10 K, Magnetic Field = 0 Gauss, Sample = LACUO
{{Notes : slits=10mm, 2f

Start Time : 2000-07-14 11:14:50
{Stop Time : 2000-07-14 11:38:29
{Duration : 00:23:39

;| Switching States : 1

{ Opening NXuser...

‘| Data name: name

{[Data valus : pavIa

‘| Data name: experiment_number

| Data value : 11293

-|UIF array length : 0
|Closing Mxuser..

.1 Opening Nisampls. ..

Sample name : LACUOZN3O

Sample temperature : 10.00000
Temperature units :

+|Kelvin

‘| Sample magnetic field : 0.0000000E+00
Field units : gauss

Sample shape : nfa

‘| Field state :  0.0000000£+00

Field units : [ 0.0000000£+00 , 1.0800000E+00 , 1.080000 ]
Field Vector coordinate system :
cartesian

Sample envirorment

n/a

.| Elosing HXsample

Opening NXinstrument. ..

Histogran number :
Histogran length : 1000

Histogram t0.bin : 19
Histogran first_good bin : 26
Histogram last_good_vin : 1000
Histogram units : counts
. |Histogran_resolution : 16000
Histogram_resolution units :
_|picoseconds
|Reading histogran time_zero...
Histogram time_zero °~ 0.2780000 " value found
Histogran time_zero units :
picoseconds
|Reading raw time..
Histogran raw time units :
Inicroseconds
Reading corrected time...
‘|Histogram corrected time units :
microseconds
Reading histogran groupings. .

2 groups found
Reading alpha for grouped paivs..

1 alpha pairs found
Closing MNXdata...

Opening NXlog..

Logged nare : saaple temperature

E 260 values available
reading temparature values. ..

First temperature value logged : 10.02500
reading time values..
Logging started at time : 4.080000

Closing MXlog..

Opening NXlog. .
Logged nare : ISIS beam
14 values available
reading event values. ..
First event value logged : 0.5627000
reading time values...
Logging started at tire : 103.0000
Closing MXlog...

|Closing Mxentry..

‘|Closing NeXus file...
Graphics device/type (? to see 1list, default /NULL): fxwindow
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Assuming that the user has
supplied a valid NeXus
filename and the NeXus file
conforms to the ISIS Muon
Instrument Definition version 1,
he contents of the NeXus file

are dumped to the screen.

This information is read by the
Fortran 77 version of the NeXus
reader and prints the contents of
the file as it traverses each

element.

Once the diagnostics have been
printed to the screen, a prompt
appears asking the user which
graphics device they would like
to choose. Type “/xwindow”
here. This will plot the desired
data in a separate window. (For
a list of other devices available,
type “7”. For further information

view pgplot documentation)



Histogras langth
Histograa t0.bin
Histogra EERTIN]

Histogra
Histogra
ioosecal

3
feaning {
Histogral - A

Ristogra Avergge events :
pleoserod
Readirg ©

3 Event RMS dev :
Kistogral
miCrosecs

1 2000-Q7-14
{ ; R Tir ; 11:14:50
500 1600

Time {SECONDS)

10.0 Kelvin
Q0.000 G

Avg temp :
T RMS dev :

File Edit Commands Options Print

Histozran 1ast_good_bin : 1060
Histogran unit <
o & PGPLOT Window 1

Temperature = 10 K, Magnetic Field = O Gauss, Sample = LACUO

Mistozran ra Temp (K)
Meroseconds
Rexling correc

2 g

Peadirg alihy
3

Clesirg Medata

Opsning 1Xlog

rexding terger
First tercerat
readirg tire v
tozzirg starte
Closirg Ndog.

Opening 1Xlog.

Time (SECOMDS)

Run : 35000

Start Time : 2000-07-14 11:14:50 Stop Time : 2000-07-14 11:38:29
Average temperature : 10.033 K

RMS deviation :  0.108

After the user has
selected */xwindow”
as the display device, a
pgplot window appears

with the plotted data.

This is the temperature
and event log data for

run 35000.nxs

If the user had chosen
to plot just temperature
log data in step 2, this
is what the user would

see.
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Histograa 1ast.zeod.bin

Histogr| : e
rpia — PGPLOT Window =10

600

NDS)
Run : 3500¢
Start Time : 2000-07-14 11:14:50  Stop Time :
Average events on read @ 0.537 Mev
RMS deviation : 0.080 Mev

File Edit Commands Options Print

& DECterm 1

Type <RETURM> for next page:

Laser hardcopy ¥/
¥

Thank you for using TMOGGER

] |

If the user had
chosen to just plot
event log data in step
2, this is what the

user would see.

To discard the
plotting window and
continue, the user
must select the VMS
prompt window and

press <RETURN>

IR

(as above). Tmogger will then ask the user if they require a laser hardcopy. Please select “y” or

“n”. If the user selects no, Tmogger exits. If the user selects yes, Tmogger produces a postscript

file called pgplot.ps. The user must then print this file to the printer of their choice.
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6.2 Tmogger Design

The Tmogger application has been written in Fortran 90 and uses the F77 NeXus read routine.
Tmogger has one supporting module, “Tmogger_module” which is designed to handle the
plotting of treated data. This is described in more detail in the following section. The
application firstly asks the user which data they wish to plot and secondly the filename of the
NeXus file where they wish to extract this information. Tmogger then performs the appropriate
calculations for the selected data — for example RMS deviation, Average Events/Temperature,
minimum and maximum values etc. It then supplies this data to the appropriate plotting

subroutine.

Trogger NeXus Reader

Figure 6.3 — A diagram of external module association

6.2.1 Tmogger Module

The Tmogger consists of three main methods, which all involve plotting data. Within these
routines are calls to PGPLOT which is a Fortran written graphics plotting package that

Tmogger links to.

Plot_macq_data(..) > Plots Event Log Data

Plot_dat (..) > Plots Temperature Log Data
Plot_tlog_and_macq_data(..) > Plots Temperature and event Log Data
and a function method which obtains which information the user wishes to plot.
Get_application_choice () > Asks the user which log they wish to plot

These methods are described in more detail below:
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6.2.2 Get_application_choice ()

Input arguments : none
Output arguments : application_choice int

Displays a menu on the screen asking the user which log information they wish to plot. The

function then reads the input from the user and returns this value.

6.2.3 Plot_macq_data ()

Input arguments:

MIN Real MAX Real
YMIN Real YMAX Real
READS Int RUN Int
TIME Real [ ] EVENTS Real [ ]
AVERAGE Real RMS Real
TITLE String STIME String
FTIME String

Output Arguments: none

This method receives a number of parameters, listed above, which contain the data to be
plotted, along with any other labels, statements or calculations. The temperature readings are

then plotted as a function of time.

6.2.4 Plot_dat ()

Input arguments:

XMIN real XMAX Real
YMIN Real YMAX Real
READS Int RUN Int
TIME Real [ ] TEMP Real []
AVERAGE Real RMS Real
TITLE String STIME String
FTIME String DUR String

Output arguments: none

This method also receives a number of parameters, as listed above, which contain the data to be
plotted, along with any other labels, statements or calculations. The event readings are then

plotted as a function of time.
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6.2.5 Plot_tlog_and_macq_data ()

Input arguments:

T_XMIN
T_XMAX
T_YMIN
T_YMAX
T_READS
RUN
M_TIME
TEMP
M_AVERAGE
M_RMS
SET_TEMP
SET_FIELD
F_TIME

Real
Real
Real
Real
Int

Int
Real [ ][]
Real [ ]
Real
Real
Real
Real
String

Output arguments: none

M_XMIN
M_XMAX
M_YMIN
M_YMAX
M_READS
T_TIME
EVENTS
T_AVERAGE
T_RMS
TITLE
SAMPLE_NAME
S_TIME

Real
Real
Real
Real
Int
Real [ ][]
Real [ ]
Real
Real
String
String
String

This method also receives the parameters listed above, which contain the data to be plotted,

along with any other labels, statements or calculations for both temperature and event logs. The

event readings are then plotted as a function of time, beneath the temperature log values which

are also plotted as a function of time.
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7. NEXUS_UDA

7.1 Introduction

UDA is an easy-to-use SR data analysis program written in Fortran which allows scientists to
plot histograms and perform analysis of their data. A new version of UDA has been developed
so that it can read NeXus files as well as the current binary data files produced by the present
data acquisition system (MCS). What follows is a description of how to run this new version of
UDA, and also a short tutorial on how to read a NeXus file into UDA. For a more detailed

article on UDA see http://www.isis.rl.ac.uk/muons/emu/eguide/chapter6/index.htm.

7.2 How To Set Up UDA

To run the application the user must first initialise the application. This is can be achieved by
typing: “@ muon$disk:[muonmgr.software.utilities. NeXus [NeXus_setup” at the ISIS VMS

command prompt (See Figure 3.2).

The above command will execute a command file, which will install a suite of muon NeXus

applications in the users current directory. The applications installed are:

e Convert_NeXus — Application which converts ISIS Muon MCS data files into NeXus
format.
*  NXbrowse — Open source NeXus file browser.
e NeXus_UDA - uSR Data Analysis program which can interpret ISIS Muon NeXus
files.
o F77 _NeXus_Reader —ISIS Muon NeXus read routine written in F77 (allows users to
read NeXus data into their own programs).
e (C_NeXus_Reader - ISIS Muon NeXus read routine written in C (allows users to read
NeXus data into their own programs).
e Tmogger ~ Application which plots temperature and event logs stored in ISIS Muon
NeXus files.
e UIF_creator — Application which produces UIF files for Convert_NeXus.
It should also be noted that the command file copies across any additional information needed
by these applications including a selection of test data, and will also initialise any logical

variables needed.
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We will only concern ourselves with the ‘NeXus_UDA’ application here. For more information
on other available software please refer to the Muon NeXus homepage

(www.isis.rl.ac.uk/muons/nexus).

7.3 How to use UDA

Below is a short step by step tutorial describing how to read a NeXus file into UDA. This is not
a tutorial detailing the capabilities of UDA. For a more detailed article on UDA see

http://www.isis.rl.ac.uk/muons/emu/eguide/chapter6t/index.htm.

To execute NeXus_UDA just type “NEXUS_UDA”

Step 1 — Choose NeXus option on the main menu.

X DECteim 1 ; ”. E=1E3

Step (1)

Ho grouping defined

- After Successfully

Ul Data Henu TE running UDA
. : ; v14.0. You will be
Hes?ile | uSRFile | f Write § .
m 2 presented with the
msgert | Growp Change | Plet opening menu
: . S (left).
rnalyze | selug Rely guit
B Reat ¥eus Files Frue Disk Using the cursor
keys or by

D4 injormation

pressing ‘N, °
select the Nexus
option and press

enter
This is UDA 14.0

Type initial letber or use cursor kewvs to move, Retusy to select.
Terminal identified as DEDwindows

Easetine Iile Iound, »alue read: 0,270 us
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Step 2 — Enter the run number for the file you wish to display. Note. This version of UDA

points to EMU MCS binary data files, and will look in the current directory for NeXus files.

Ne grouping defined

UD4 Data Menu

HesFila | uSRFile | HENEH Wrike
nspeckt | Growp Change | PFlot
fnalyse | setw lielp it

Read ¥exus Files From Disk

UDA informatisn

This iz (0A 14.0

Yeminal identified as DECwindows
Pasebimz file found, value read: 6.270 us

Hexus. ..
Load ¥erus File: joooi] &

Type intlial 1etter or wse cursor kevs to move, Returyr Lo selest.

Step (2)

Atthe bottom of
the screen, a
prompt will appear
asking the user to
enter a run
number.

Here type arun
number of a nexus
file e.g. 30000.
And then press
Enter.

Step 3 — View the header information. Now the data is in memory, you can use UDA’s

capabilities to analyse the information.

& DECtaim 1 ' [Z]53]

it Joadn: {31
Teim: 20 K, Field: Sob fauss, Prameg: 20804

{1) Rardirher: 0000

{21 Wistogiems: 22, Chawels: 1000, Resolution: L6060 ps

{3) Frames: 128000

(43 Title: Bt

{5) Tap: 26 %

f6) Fleld: 500 Gauss

(20 sabtups  trasversal

(0) Tobal cowts: 25.94 Nev

(3) Dabe: 1955-05-28 18:55: 40

{33 Comment: cooling, s1its 6.0, sue-0. 11
Return to continue &

T Rt R e

YT U

Hexus. ..

Loag Yeyus File: Jooop

searching for nevus file

161

1995-05-20 18:55:40

U2 grouping table, written by Uba

Step (3)

At this point.
UDA reads the
nexus file and
prints the header
information to the
screen.

Press Enter to
continue back to
the main menu
where you can
perform the
standard analytical
and plotting
functions.
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Note: If the user types the run number of a file that doesn’t exist; an error message will appear

and control will return back to the UDA main menu.

If you have any trouble plotting data using UDA, you may need to set your terminal display.

You can do this by typing “set display/create/transport=tcpip/node=<your ip address>".
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8. CONCLUSIONS AND PLANS FOR THE FUTURE

Although adequate for the present data storage requirements, the ISIS muon Instrument
Definition will certainly evolve with time as new instrumentation is developed. The key
advantage of adopting a structured and self describing format, such as NeXus, is that
information can be added without affecting the ability of existing subroutines to read (a subset
of) the new data files. Hopefully, other laboratories will work to create their own Instrument
Definitions and adopt NeXus in some way, perhaps initially as an intermediate data format with

appropriate file converters.

The intention is to continue the development of the NeXus utilities as presented above, in the
belief that NeXus offers a viable approach for evolving a common pSR file format that will
enable user to share data and analysis programs between facilities. New developments will be

posted on the NeXus pages of our web site (www.isis.rl.ac.uk/muons/nexus).

There are many possibilities as to future work with NeXus, however the killer applications are
yet to appear. In the short term a project is underway that will allow NeXus files to be served
over the web, possibly enabling simple histograms and logged data sets to be plotted using a
Java applet installed in the clients web browser. This mechanism will ensure that users will not
have to download, compile or install any software, and potentially offers a truly cross-platform

solution for data manipulation.
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APPENDIX A: Nexus_reader.h

/*
* Structure definition for NeXus muon file information
*/

struct NXM_MUONUIF
{
NXname uif_element_name;
NXname uif_element_value;
Y

struct NXM_MUONIDF

{
/* NXrun */

NXname run_program_name;
NXname run_program_version;
int run_idf_version;

int run_number;

NXname run_title;

NXname run_notes;

NXname run_analysis;

NXname run_lab;

NXname run_beamline;

NXname run_start_time;

NXname run_stop_time;

NXname run_duration;

int run_switching_states;
/* NXuser */

NXname user_name;

NXname user_experiment_number;
int user_uif_array_length;

struct NXM_MUONUIF * user_uif_array;
/* NXsample */

NXname sample_name;

float sample_temperature;

NXname sample_temperature_units;
float sample_magnetic_field;

NXname sample_magnetic_field_units;
NXname sample_shape;

NXname sample_magnetic_field_state;
int sample_magnetic_field vector_available;
float * sample_magnetic_field_vector;
NXname sample_magnetic_field_vector_coord;
NXname sample_environment;

/* NXinstrument */

NXname instrument_name;

/* NXdetector */

int detector_number ;

NXname detector_orientation;

int detector_angles_available;
float * detector_angles;

NXname detector_angles_cooxd;

int detector_deadtimes_available;
float * detector_deadtimes;

NXname detector_deadtimes_units;

/* NXcollimator */

NXname collimator_type;

NXname collimator_aperture;

/* NXbeam */

float beam_total_counts;

NXname beam_total_counts_units;

int beam_daereads;

int beam_frames;

/* NXdata histogram_data_1 */

NXname histogram_units;

int * histogram_counts;

int histogram_number;

int histogram_length;

int histogram_t0_bin;

int histogram_first_good_bin;

int histogram_last_good_bin;
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int histogram_resolution;

NXname histogram_resolution_units;

float histogram time_zero;

int histogram_time_zero_available;
NXname histogram_time_zero_units;

float * histogram_raw_time;

NXname histogram_raw_time_units;

float * histogram_corrected_time;

NXname histogram _corrected_time_units;
int histogram_grouping _available;

int * histogram grouping;

int histogram_alpha_available;

float * histogram_alpha;

/* NXlog temperature_log_1l */

int temperature_log_available;
NXname temperature_log_name;
float * temperature_log_values;
NXname temperature_log_values_units;
float * temperature_log_time;
NXname temperature_log_time_units;
/* NXlog events_log 1 */

int events_log_available;
NXname events_log_name;

float * events_log_values;

NXname events_log_values_units;
float * events_log_time;

NXname events_log_time_units;

}s

/*
* Function definitions for reading NeXus muon file information
*/

int NXMread(char *nxfname, struct NXM_MUONIDF **nxfdata);
void NXMfreememory(struct NXM_MUONIDF *nxfdata);
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APPENDIX B: Nexus_reader.c

Read routine for NeXus files based on an Instrument Definition Function (IDF)
for ISIS Muon Time Differential instrument

Version 1

To use the read routine call:
int NXMread({char *nxfname, struct NXM_MUONIDF **nxfdata)
where:

'nxfname’ is a pointer to the NeXus filename
'nxfdata’ returns a pointer to a pointer to a structure containing the file information

the value NX_OK is returned on successful read else NX_ERROR is returned

The structure NXM_MUONIDF and function are defined in the file ’‘nexus_reader.h’

After use, the workspace claimed by the routine should be freed using the call:

E I I T R R I S T I I S S R R N R B

volid NxMfreememory (struct NXM_MUONIDF *nxfdata)

*

*

where:

* 'nxfdata’ is a pointer to the structure containing the file information

* Known limitations:
* Assumes the NXrun group contains a single NXdata group (’histogram_data_l’) and
* two NXlog groups (’'temperature_log_l' and ‘events_log_1l’)

*

Tested: 1) Visual C++ 5.0, Windows NT 4.0
2) OpenVMS 7.2

D.W.Flannery and S.P.Cottrell

¥k ok X k% %

ffinclude <stdio.h>
#include "napi.h"
#include "nexus_reader.h"

#define _DEBUG_ 1 /* switch for debugging information
*/

/* information locating read routine */

#define _READVERSION_ 1 /* Version number of read routine
*/

#define _IDFVERSION_ 1 /* Compatible version of Instrument
Definition File */

#define _ANALYSIS_ "muonTD" /* Compatible analysis */
#define _LAB_ "ISIS" /* Compatible lab */

/* structure defining file information */
struct NXM_MUONIDF muon;
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/* macro for adding debug information */
#define NXMdebug(format, wvalue) \
if (_DEBUG_) printf(format, value)

/* macro handling function calling, returns with NX_ERROR if function call failed */
#define NXMerrorhandler (function) \
if (function !'= NX_OK) return NX_ERROR

static int NXMdatasize{int dataType)

/*

*

*/

function returning size (in bytes) of NeXus data type

int size;

switch (dataType)
{
case NX_CHAR:
size = SIZE_CHARS;
break;
case NX_FLOAT32:
size = SIZE_FLOAT32;
break;
case NX_FLOAT64:
size = SIZE_FLOAT64;
break;
case NX_INTS8:
size = SIZE_INTS;
break;
case NX_UINTS8:
size = SIZE_UINTS;
break;
case NX_INT16:
size = SIZE_TINT16;
break;
case NX_UINT16:
size = SIZE_UINT1é&;
break;
case NX_INT32:
size = SIZE_INT32;
break;
case NX_UINT32:
size = SIZE_UINT32;
break;
default:
size = 0;
break;
}

return size;

static int NXMgetstringdata(NXhandle file_id, char *str)
* read a rank 1 data item of type NX_CHAR from a NeXus file
add a null terminator character for compatibility with C string handling
* assumes space reserved for string of length ’'VGNAMELENMAX', as defined by ’NxXname’
*/
int i, rank, type, dims{32];
NXname data_value;

NxMerrorhandler ( (NXgetinfo(file_id, &rank, dims, &type)));
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if {{type != NX_CHAR) || {rank > 1) || (dims[0) >= VGNAMELENMAX))
{
printf ("\nFatal error in routine ’‘getstringdata’\n\n");
exit (0);
}

NXMerrorhandler( (NXgetdata(file_id, data_value)));

for (i = 0; 1 < dims(0]; i++)

*{str + i) = *(data_value + i);
*{str + 1) = ’'\0’;
return 1;

static int NXMgetstringattr (NXhandle file_id, char *name, char *str)

* read an attribute of type NX_CHAR from a NexXus file
* add a Null terminator character for compatibility with C string handling

assumes space reserved for string of length ’'VGNAMELENMAX’', as defined by ‘NXname’

*/
int i, attlen, atttype;
NXname data_value;

attlen = VGNAMELENMAX - 1;
atttype = NX_CHAR;

NXMerrorhandler ( (NXgetattr(file_id, name, data_value, &attlen, &atttype)));

for {i = 0; i < attlen; i++)

*(str + 1) = *(data_value + 1i);
*{str + 1) = ’\0’;
return 1;

static void *NXMmemoryhandler (NXhandle file_id)

/*
* allocate memory for a NeXus data item, calls NXgetinfo to determine size
*
function returns a pointer to memory block
*/

int i, rank, type, dims([32]), size;
char *data_ptr;

NXMerrorhandlex ( (NXgetinfo(file_id, &rank, dims, &type)));
size = dims[0];
for (i = 1; i < rank; i++)
size = size * dims[i];
size = size * NXMdatasize{type);
if ((data_ptr = malloc (size)) == NULL)
{
printf("\nMemory allocation error: can’t allocate %d bytes\n\n",
exit (0);

)

static void NXMfree(void *data_ptr)

free memory from NeXus data items provided pointer argument is non NULL

size);
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if (data_ptr != NULL) free{data_ptr);

int NXMread({char *nxfname, struct NXM_MUONIDF **nxfdata)

/*
return data from NeXus file ’‘nxfname’ in structure ’‘nxfdata’
*
* function returns NX_OK on success, otherwise NX_ERROR
*/

NXhandle file_id;
NXname group_name, class_name, data_name;
int 1, attlen, atttype, numitems, data_type, uif_count;

*nxfdata = &muon;

/* open NeXus file for reading */
NXMerrorhandler ( (NXopen (nxfname, NXACC_READ, &file_id)));
NxXMdebug ("%s\n", "Opening NeXus file..."};

/* open root group ‘NXentry’ */
NXMerrorhandler ( (NXopengroup(file_id, "run", "NXentry")));
NXMdebug ("%s\n", "Opening ‘'NXentry’..."});

/* display (in debug mode) NeXus reader version and IDF compatible version

number */

NxMdebug ( "\nNeXus reader version %d\n", _READVERSION_};

NXMdebug ( "Compatible with Instrument Definition File version %d\n\n",
_IDFVERSION_} ;

/* read IDF version */

NXMerrorhandler ( (NXopendata(file_id, "idf_version“))}):
NxMerrorhandler { (NXgetdata(file_id, &muon.run_idf_version)));
NXMerrorhandler ( (NXclosedata(file_id)));

NXMdebug { “IDF version: %d\n%, muon.run_idf_version);

/* read ‘analysis’ */

NXMerrorhandler ( (NXopendata(file_id, "analysis”")});:
NXMerrorhandler ( (NXMgetstringdata(file_id, muon.run_analysis)));
NXMerrorhandler({ (NXclosedata(file_id)));

NXMdebug ("Analysis: %s\n", muon.run_analysis);

/* read ‘lab’ */

NXMerrorhandler{ (NXopendata{file_id, “lab"}});
NXMerrorhandler{ (NXMgetstringdata(file_id, muon.run_lab)));
NXMerrorhandler{(NXclosedata(file_id)}};

N¥Mdebug ("Lab: %$s\n", muon.run_lab);

/* check reader compatibility */
if ((muon.run_idf_version '= _IDFVERSION_) || (strcmp{muon.run_analysis,
_ANALYSIS_))} || (strcmp{muon.run_lab, _LAB_)))

printf ("\nFatal error: Read routine incompatible with Instrument
Definition used to write data\n");

printf ("Found, IDF Version: %d, Analysis: %s, Lab: %s\n",
muon.run_idf_version, muon.run_analysis, muon.run_lab);

printf{"Expecting: IDF Version: %d, Analysis: %s, Lab: %$s\n\n",
_TDFVERSION_, _ANALYSIS_, _LAB_);

exit(0);

}

/* read ’'beamline’ */

NXMerrorhandler ( (NXopendata(file_id, "beamline")));
NXMerrorhandler ( (NXMgetstringdata(file_id, muon.run_beamline)));
NXMerrorhandler ( (NXclosedata(file_id)})) ;

NXMdebug { “Beamline: %s\n", muon.run_peamline);

/* read ’'program name’ and ’'program_version' */

NXMerrorhandler ( (NXopendata({file_id, "program name")));

NXMerrorhandler ( (NXMgetstringdata(file_id, muon.run_program_name)));

NXMerrorhandler ( (NXMgetstringattr(file_id, "version",
muon.run_program_version)));
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NXMerrorhandler ( (NXclosedata{file_id)});
NxXMdebug ( "Program name: %s\n", muon.run_program_name) ;
NXMdebug ( "Program version: %s\n", muon.run_program_version);

/* read ‘number’ */

NxXMerrorhandler ( (NXopendata(file_id, "number")));
NXMerrorhandler ( (NXgetdata(file_id, &muon.run_number)));
NXMerrorhandler( (NXclosedata(file_id)));

NXMdebug ( "Run number: %$d\n", muon.run_number) ;

/* read ‘title’ */

NxXMerrorhandler ( {(NXopendata(file_id, “title“))):;
NXMerrorhandler ( (NXMgetstringdata(file_id, muon.run_title)));
NXMerrorhandler ( (NXclosedata(file_id))};

NXMdebug ("Title: %s\n", muon.run_title);

/* read ’'notes’ */

NXMerrorhandler ( (NXopendata({file_id, "notes")));
NXMerrorhandler ( (NXMgetstringdatatfile_id, muon.run_notes}));
NXMerrorhandler ( (NXclosedata(file_id)));

NXMdebug ("Notes: %s\n", muon.run_notes);

/* read ’'start_time’ */

NXMerrorhandler ( (NXopendata(file_id, "start_time")});
NXMerrorhandler ( (NXMgetstringdata(file_id, muon.run_start_time}));
NXMerrorhandler { {(NXclosedata{file_id)));

NxXMdebug("Start time: %$s\n", muon.run_start time);

/* read 'stop_time’ */

NXMerrorhandler ( (NXopendata(file_id, "stop_time")));
NXMerrorhandler { (NXMgetstringdata{file_id, muon.run_stop_time})}:
NXMerrorhandler( (NXclosedata(file_id)));

NXMdebug ("Stop time: %s\n", muon.run_stop_time);

/* read ’duration’ */

NxMerrorhandler ( (NXopendata(file_id, "duration")));
NXMerrorhandler{ (NXMgetstringdata(file_id, muon.run_duration)));
NXMerrorhandler ( (NXclosedata(file_id)));

NXMdebug {"Duration: %s\n", muon.run_duration);

/* read ’'switching_states’ (rgmode) */

NXMerrorhandler{ (NXopendata(file_id, "switching_states")));
NXMerrorhandler ( (NXgetdata(file_id, &muon.run_switching_states)));
NXMerrorhandler ( (NXclosedata(file_id) )}

N¥Mdebug ("Switching States: %d\n", muon.run_switching_states);

/* open subgroup ’‘NXuser’ */
NXMerrorhandler ( (NXopengroup(file_id, "user", "NXuser")));
NXMdebug{"%$s\n", "Opening 'NXuser’...");

/* read user information - two fixed entries and the information from the UIF

file */
NxMerrorhandler ( (NXinitgroupdir(file_id)));

NXMerrorhandler { (NXgetgroupinfo(file_id, &numitems, group_name, class_name)));

NXMdebug ("Group Info: %s", class_name);
NxMdebug (", %s", group_name);
NXMdebug (", %d\n", numitems);

if ((numitems - 2) > 0)

{

if ((muon.user_uif_array = (struct NXM_MUONUIF *) malloc(({numitems
sizeof (struct NXM_MUONUIF)))} == NULL)
{
printf{"\nUnable to allocate memory for User Information
array\n\n") ;
exit(0);
}
}
else
{
muon.user_uif_array = (struct NXM_MUONUIF *) NULL;
}
uif_count = {;
for (i = 0; i < numitems; i++)

{
NXMerrorhandler ( (NXgetnextentry(file_id, data_name, class_name,
&data_type)));
NXMerrorhandler ( {(NXopendata(file_id, data_name)));

- 2)
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NxXMdebug({"Data name: %s\n", data_name);
if (strcmp{data_name, "name") == 0)
{
NXMerrorhandler ( (NXMgetstringdata(file_id, muon.user_name)));
NxXMdebug (“"User name: %s\n", muon.user_name) ;
}
else if (strncmp(data_name, "experiment_number", 2) == 0)
{
NXMerrorhandler { (NXMgetstringdata(file_id,
muon.user_experiment_number)));
NXMdebug ( "Experiment number: %s\n", muon.user_experiment_number) ;

else

NXMerrorhandler ( (NXMgetstringdata(file_id, (char *)
muon.user_uif_array({uif_count].uif_element_value}});
strcpy( (char *) muon.user_uif_arrayl(uif_count].uif_element_name,
{char *) data_name);
NXMdebug ("Data value %d: ", uif_count);
NxXMdebug ("%$s\n",
muon.user_uif_arrayluif_count] .uif_element_value);
uif_count++;
}
NxMerrorhandler { (NXclosedata(file_id)));
}
muon.user_uif_array length = uif_count;
NxXMdebug ("UIF array length: %d\n", muon.user_uif_array_ length);

/* close subgroup ‘NXuser' */
NxXMerrorhandler( (NXclosegroup{file_id)}});
NXMdebug ("%s\n", "Close 'NXuser’");

/* open subgroup ‘NXsample’' */
NXMerrorhandler ( (NXopengroup{file_id, "sample", "NXSample")));
NXMdebug ("%s\n", "Opening ’'NXsample’...");

/¥ read ’‘name’ */

NXMerrorhandler{ (NXopendata({file_id, "“name")});
NXMerrorhandler { {(NXMgetstringdata{file_id, muon.sample_name)));
NXMerrorhandler{ (NXclosedata({file_id)}));

NXMdebug ( "Sample name: %s\n", muon.sample_name);

/* read ’temperature’ */

NXMerrorhandler ( {(NXopendata(file_id, "temperature"}))};
NxXMerrorhandler ( (NXgetdata(file_id, &muon.sample_temperature)));
NXMerrorhandler ( (NXMgetstringattr(file_id, "units"
muon.sample_temperature_units)));

NXMerrorhandler( (NXclosedata(file_id)));

NXMdebug ("Temperature label: %f\n", muon.sample_temperature);
NXMdebug ("Temperature units: %s\n", muon.sample_temperature_units);

/* read 'magnetic_field’ */

NXMerrorhandler ( {(NXopendata(file_id, "magnetic_field")}));
NXMerrorhandler( (NXgetdata(file_id, &muon.sample_magnetic_field)));
NXMerrorhandler{ (NXMgetstringattr(file_id, "units",
muon.sample_magnetic_field_units)));

NXMerrorhandler( (NXclosedata(file_id)));

NxXMdebug ( “Magnetic field: %f\n", muon.sample_magnetic_field);
NXMdebug{"Field units: %s\n", muon.sample_magnetic_field_units);

/* read 'shape’ */

NxMerrorhandler ( (NXopendata(file_id, "shape")));
NXMerrorhandler ( (NXMgetstringdata({file_id, muon.sample_shape))};
NXMerrorhandler ( (NXclosedata(file_id))});

NXMdebug ("Shape: %s\n", muon.sample_shape);

/* read 'magnetic_field_state’ */

NxXMerrorhandler{ (NXopendata(file_id, "magnetic_field_state")));
NXMerrorhandler { (NXMgetstringdata({file_id, muon.sample_magnetic_field_state)));
NXMerrorhandler( (NXclosedata({file_id)));

NXMdebug ( "Magnetic field state: %s\n", muon.sample_magnetic_field_state);

/* read '‘magnetic_field vector’ and ’‘coordinate_system’ attribute */
NXMerrorhandler{ (NXopendata(file_id, "magnetic_field_vector")));
attlen = SIZE_INT32;

atttype = NX_INT32;

NXMerrorhandler ( (NXgetattr(file_id, "available",



&muon.sample_magnetic_field_vector_available, &attlen, &atttype)));
if (muon.sample_magnetic_field_vector_available !'= 0)
{
muon . sample_magnetic_field_vector = (float *) NXMmemoryhandler(file_id);
NxMerrorhandler ( (NXgetdata(file_id, muon.sample_magnetic_field_vector}));
NxXMdebug ( "Magnetic field vector: [%f, ",
muon. sample_magnetic_field_vector(0]);
NXMdebug ("%£, ", muon.sample_magnetic_field_vector{l});
NXMdebug ("$£]\n", muon.sample_magnetic_field_vector([2});
NxMerrorhandler { (NXMgetstringattr(file_id, "coordinate_system",
muon. sample_magnetic_£field_vector_coord)));
NxXMdebug ("Coordinate system: %s\n",
muon . sample_magnetic_field_vector_coord);

else

muon.sample_magnetic_field_vector = (float *) NULL;
NXMdebug ("%s\n", "Magnetic field vector not available\n");
}
NXMerrorhandler ( (NXclosedata(file_id)));

/* read ’'environment’ */

NXMerrorhandler ( {(NXopendata({file_id, “environment")));
NXMerrorhandler ( (NXMgetstringdata(file_id, muon.sample_environment)));
NXMerrorhandler ( (NXclosedata({file_id)));

NXMdebug ("Sample environment: %s\n", muon.sample_environment) ;

/¥ close subgroup ’'NXsample’ */
NXMerrorhandler { {(NXclosegroup{file_id)));
NxXMdebug ("%$s\n", "Close ’'NXsample’");

/* open subgroup ’‘NXinstrument’ */
NXMerrorhandler ( (NXopengroup (file_id, "instrument", "NXinstrument")));
NXMdebug ("%s\n", "Open ’‘NXinstrument’...");

/* read ‘name’ */

NxXMerrorhandler ( (NXopendata{file_id, “name")));
NXMerrorhandler ( (NXMgetstringdata({file_id, muon.instrument_name)));
NXMerrorhandler ( (NXclosedata(file_id}));

NXMdebug ("Instrument name: %s\n", muon.instrument_name) ;

/* open subgroup ’'NXdetector' */
NXMerrorhandler ( (NXopengroup(file_id, “detector", "NXdetector"))):
NXMdebug ("%s\n", "Open ’NXdetector’..."};

/* read ’‘number’ */

NXMerrorhandler ( (NXopendata(file_id, "number")));
NXMerrorhandler ( (NXgetdata(file_id, smuon.detector_number)));
NXMerrorhandler ( (NXclosedata(file_id)));

NXMdebug ("Number of detectors: %d\n", muon.detector_number);

/* read ’'orientation’ */

NXMerrorhandler ( (NXopendata(file_id, “orientation"))):
NXMerrorhandler ( (NXMgetstringdata(file _id, muon.detector_orientation)));
NXMerrorhandler ( (NXclosedata(file_id))):

NXMdebug ("Orientation of detectors: %s\n", muon.detector_orientation);

/* read ’'angles’ and ’‘coordinate_system’ attribute */

NXMerrorhandler ( (NXopendata(file_id, "angles"}));

attlen = SIZE_INT32;

atttype = NX_INT32;

NXMerrorhandler{ (NXgetattr(file_id, "available",
&muon.detector_angles_available, &attlen, &atttype)));

if (muon.detector_angles_available != 0)

{
muon.detector_angles = (float *) NXMmemoryhandler(file_id);
NxMerrorhandler { (NXgetdata{file_id, muon.detector_angles))};
NXMdebug({“%$s\n", "Reading detector angles");
NXMerrorhandler ( {NXMgetstringattr(file_id, "coordinate_system",

muon.detector_angles_coord)));

NXMdebug ("Coordinate system: %s\n", muon.detector_angles_coord);

else

muon.detector_angles = (float *) NULL;
NXMdebug {"%s\n“, “not available");
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NXMerrorhandler ( (NXclosedata(file_id)));

/* read ’'available’ attribute and, if necessary, the ’'deadtimes’ and 'units’ */

NXMerrorhandler ( (NXopendata(file_id, "deadtimes"}));

NxXMdebug ("%$s", "Reading detector deadtimes ... ");

attlen = SIZE_INT32;

atttype = NX_INT32;

NxXMerrorhandler{ (NXgetattr(file_id, "available",
s&muon .detector_deadtimes_available, &attlen, &atttype)));

if (muon.detector_deadtimes_available > 0)

{
muon.detector_deadtimes = (float *) NXMmemorvhandler(file_id);
NXMerrorhandler ( {(NXgetdata{file_id, muon.detector_deadtimes)));
NXMerrorhandler { (N{Mgetstringattr(file_id, "units",

muon.detector_deadtimes_units)));

NXMdebug ("%$s\n", "available");

}

else

{
muon.detector_deadtimes = (float *) NULL;
NxMdebug ("%$s\n", "not available");

)

/* close subgroup ’'NXdetector’' */
NXMerrorhandler ( (NXclosegroup(file_id)));
NxMdebug ("%s\n", “Close ’NXinstrument’");

/* open subgroup ‘NXcollimator’ */
NxXMerrorhandler ( (NXopengroup(file_id, "collimator", "NXcollimator“)));
NxMdebug ("%s\n", "Open ’'NXcollimator’...");

/* read ‘type’ */

NxMerrorhandler ( (NXopendata(file_id, "type"))};
NXMerrorhandler { (NXMgetstringdata{file_id, muon.collimator_type)));
NXMerrorhandler ( (NXclosedata(file_id)));

NXMdebug ("Orientation of detectors: %s\n", muon.collimator_type);

/% read ’aperture’ </

NXMerrorhandler ( (NXopendata(file_id, "aperture")));
NXMerrorhandler { (NXMgetstringdata(file_id, muon.collimator_aperture)));
NxXMerrorhandler ( (NXclosedata(file_id)));

NxXMdebug ("Orientation of detectors: %$s\n", muon.collimator_aperture);

/* close subgroup ’‘NXcollimator’ */ .
NXMerrorhandler ( (NXclosegroup(file_id)));
NXMdebug ("%$s\n", "Close 'NXcollimator’");

/* open subgroup ’'NXbeam’ */
NXMerrorhandler ( {(NXopengroup(file_id, "beam", “NXbeam")));
NXMdebug ("%$s\n", "Open ‘'NXbeam’...");

/* read 'total_counts’ */
NXMerrorhandler ( (NXopendata(file_id, "total_counts")));
NxMerrorhandler ( (NXgetdata(file_id, &muon.beam_total_counts)));
NXMerrorhandler ( (NXMgetstringattr(file_id, "units",

muon . beam_total_counts_units)));
NXMerrorhandlex ( (NXclosedata(file_id}));
NXMdebug (“Total counts: %$f\n", muon.beam_total_counts);
NXMdebug ("Units: %s\n", muon.beam_total_counts_units);

/* read 'daereads’ */

N¥Merrorhandler ( (NXopendata(file_id, "daereads")));
NXMerrorhandler ( (NXgetdata(file_id, &muon.beam_daereads)));
NXMerrorhandler ( (NXclosedata(file_id)));

NXMdebug { "DAE Reads: %d\n", muon.beam_daereads) ;

/* read ’frames’ */

NXMerrorhandler { (NXopendata(file_id, "frames")));
NXMerrorhandler{ (NXgetdatca(file_id, &muon.beam_ frames)));
NXMerrorhandler { (NXclosedata(file_id)));

NXMdebug ("Frames: %d\n", muon.beam_f{frames) ;

/* close subgroup ’'NXbeam’ */
NXMerrorhandler ( (NXclosegroup(file_ id)));
NXMdebug ("$s\n", "Close 'NxXbeam’");

/* close subgroup ’'NXdetector' */
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NXMerrorhandler ( (NXclosegroup{file_id)));
NxMdebug ("$s\n", "Close ‘NXdetector'’'");

/* open subgroup ‘NXdata’ */
NXMerrorhandler ( {(NXopengroup(file_id, "histogram_data_1", "NXdata”)));
NxXMdebug ("%s\n", "Open ’NXdata’'...");

/* read ’‘counts’ */

NXMerrorhandler ( (NXopendata(file_id, “"counts")}};

muon.histogram_counts = (int *) NXMmemoryhandler(file_id);
NXMerrorhandler ( (NXgetdata(file_id, muon.histogram_counts)));

/* read 'counts’ attributes */

NXMerrorhandler ( (NXMgetstringattr(file_id, "units", muon.histogram units)));
attlen = SIZE_INT32;

atttype = NX_INT32;

NxXMerrorhandler ( (NXgetattr(file_id, "number", &muon.histogram_number, &attlen,

kattctype)));

NXMerrorhandler ( (NXgetattr(file_id, "length", &muon.histogram_length, &attlen,
&atttype)));

NXMerrorhandler ( (NXgetattr(file_id, "tO_bin", &muon.histogram_tO_bin, &attlen,
&atttype)));

NXMerrorhandler ( (NXgetattr(file_id, "first_good_bin",
&muon.histogram_first_good_bin, &attlen, &atttypel}));

NXMerrorhandler ( (NXgetattr(file_id, "last_good_bin",
&muon.histogram_last_good_kin, &attlen, &atttype)));

NxMerrorhandler ( (NXclosedata(file_id)));

NXMdebug ("%$s\n", "Read histogram data");

/* read ’'histogram_resolution’ */
NXMerrorhandler { (NXopendata(file_id, "resolution")));
NXMerrorhandler ( (NXgetdata(file_id, &muon.histogram_resolution)));
NXMerrorhandler{ (NXMgetstringattr(file_id, "units",
muon.histogram_resolution_units)));
NXMerrorhandler ( (NXclosedata({file_id)));
NXMdebug {("Histogram resolution: %d\n", muon.histogram_resolution);
NXMdebug ("Units: %s\n", muon.histogram_resolution_units);

/* read ’'histogram_time_zero’ */

NXMerrorhandler{ (NXopendata(file_id, "time_zero")));

attlen = SIZE_INT32;

atttype = NX_INT32;

NxXMerrorhandler { (NXgetattr{file_id, *“available",
&muon.histogram_time_zero_available, &attlen, &atttype)));

if (muon.histogram time_zero_available > 0)

{
NXMerrorhandler ( (NXgetdata(file_id, &muon.histogram_time_zero)));
NXMerrorhandler ( (NXMgetstringattr(file id, "units",

muon.histogram _time_zero_units)));

NXMdebug ("Histogram time zero: %f\n", muon.histogram_time_zero);
NXMdebug ("Units: %$s\n", muon.histogram_time_zero_units);

else

muon.histogram_time_zero = 0;

NXMdebug ("%s\n", "no time zero data found");
}
NXMerrorhandler ( (NXclosedata({file_id)));

/* read 'raw_time’ */

NXMerrorhandler ( (NXopendata{file_id, “"raw_time")));

muon.histogram_raw_time = (float *) NXMmemoryhandler({file_id);

NXMerrorhandler ( (NXgetdata(file_id, muon.histogram_raw_time)));

/* read 'raw_time’ attributes */

NXMerrorhandler ( (NXMgetstringattr(file_id, "units",
muon.histogram raw_time_units)));

NXMerrorhandler { {(NXclosedata(file_id})));

NXMdebug ("%$s\n", “Read Raw Time");

NXMdebug{"Units: %$s\n", muon.histogram_raw_time_units);

/* read ‘corrected_time’ */
NXMerrorhandler { (NXopendata{file_id, “corrected_time")));
muon.histogram_corrected_time = (float *) NXMmemoryhandler(file_id);
NXMerrorhandler ( (NXgetdata(file_id, muon.histogram corrected_time)));
/* read ’‘corrected_time’ attributes */
NXMerrorhandler { (NXMgetstringattr(file_id, “"units",
muon.histogram_corrected _time_units)));
NXMerrorhandler ( (NXclosedata(file_id)));
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NXMdebug ("%s\n", "Read Corrected Time");
NXMdebug ("Units: %s\n", muon.histogram corrected_time_units);

/* read 'grouping’ if attribute ’‘available’ is non-zero */

NXMerrorhandler ( (NXopendata(file_id, "grouping")));

NxMdebug ("%$s", "Reading Histogram grouping ... ");

attlen = SIZE_INT32;

atttype = NX_INT32;

NxXMerrorhandler ( (NXgetattr(file_id, "available",
&rmuon.histogram_grouping_available, &attlen, &atttype))):

if (muon.histogram_grouping_available > 0)

{
NxMdebug ("$d groups found\n", muon.histogram_grouping_available);
muon.histogram_grouping = (int *) NXMmemoryhandler(file_id);
NXMerrorhandler ( (NXgetdata(file_id, muon.histogram_grouping)));

else

muon.histogram _grouping = (int *) NULL;
NxXMdebug ("%s\n", "no grouping data found");
}

/* read 'alpha’ if attribute ’‘available’ is non-zero */

NxXMerrorhandler ( (NXopendata(file_id, "alpha")));

NxMdebug ("%s", "Reading alpha for grouped pairs ... ");

attlen = SIZE_INT32;

atttype = NX_INT32;

NXMerrorhandler ( (NXgetattr(file_id, "available",
&muon.histogram_alpha_available, &attlen, &atttype))):

if (muon.histogram_alpha_available > 0}

{
NXMdebug ("$d alpha pairs found\n", muon.histogram_alpha_available);
muon.histogram_alpha = (float *) NXMmemorvhandler (file_ id);
NxMerrorhandler ( (NXgetdata(file_id, muon.histogram_alpha)});

else

muon.histogram_alpha = (float *) NULL;
NXMdebug("%s\n", "no alpha pairs found");
}

/* close subgroup ‘NXdata’ */
NXMerrorhandler { (NXclosegroup(file_id}));
NXMdebug ("%$s\n%, “"Close ’'NXdata’"};

/* open subgroup ’'NXlog’ (temperature) */
NxXMerrorhandler ( (NXopengroup(file_id, "temperature_log_ 1", "NXlog"))):
NxMdebug ("$s\n", "“Open ‘NXlog' (temperature)...");

/* read ’temperature name’ and the ‘available’ attribute */
NxXMerrorhandler ( (NXopendata{file_id, "name")));
NXMerrorhandler ( (NXMgetstringdata(file_id, muon.temperature_log_name}});
attlen = SIZE_INT32;
atttype = NX_INT32;
NXMerrorhandler ( (NXgetattr{(file_id, "available",

s&muon . temperature_log_available, &attlen, &atttype)));
NXMerrorhandler ( (NXclosedata(file_id))};
NxMdebug ("Logged name: %s, ", muon.temperature_ log name);
NxMdebug ("%$d values available\n", muon.temperature_log_available);

/* if ’available’ then read ... */
if (muon.temperature_log_available > 0)
{
/* 'temperature values’ and ’‘length’ and ‘units’ attributes */
NXMerrorhandler ( (NXopendata(file_id, "values")));
muon. temperature_log_values = (float *) NxMmemoryhandler (file_id);
NXMerrorhandler { {(NXgetdata(file_id, muon.temperature_log_values)));
NXMerrorhandler { (NXMgetstringattr(file_id, "units",
muon. temperature_log values_units)));
NXMerrorhandler ( (NXclosedata(file_id)));
NXMdebug ("First temperature value logged: %f\n",
muon . temperature_log values(0]);

/* 'temperature time’ and ‘units’ attribute */
NXMerrorhandler ( (NXopendata(file_id, "time")));
muon. temperature_log_time = (float *) NXMmemoryhandler (file_id);
NXMerrorhandler ( (NXgetdata(file_id, muon.temperature_log_time))};
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NxXMerrorhandler( (NXMgetstringattr(file_id, "units",
muon. temperature_log_time_units)));
NXMerrorhandler( (NXclosedata(file_id)));
NXMdebug ("$s\n", "Read time data"“):
NXMdebug ("Logging started at time %£f\n", muon.temperature_log_time{0]);

else

muon. temperature_log_values = (float *) NULL;
muon . temperature_log_time = {float *) NULL;
}

/* close subgroup ‘NXlog’ (temperature) */
NXMerrorhandler ( (NXclosegroup(file_id)));
NXMdebug ("$s\n", "Close ’'NXlog’ (temperature)");

/* open subgroup ‘NXlog’ (events) */
NXMerrorhandler ( (NXopengroup(file_id, "event_log_1", "NXlog")));
NxMdebug ("%s\n", "Open 'NXlog' (events)...");

/* read 'events name’ */

NxXMerrorhandler { (NXopendata(file_id, "name"))});:

NXMerrorhandler ( (NXMgetstringdata(file_id, muon.events_log_name)));

attlen = SIZE_INT32;

atttype = NX_INT32;

NXMerrorhandler ( (NXgetattr(file_id, "available", &muon.events_log_available,
Lattlen, &atttype))):

NXMerrorhandler ( (NXclosedata({file_id)));

NXMdebug ( "Logged name: %s, ", muon.events_log_name);

NXMdebug ("%d values available\n", muon.events_log_available);

/* 1f ‘available’ then read ... */

if {(muon.events_log_available > 0)

{
/* ’events values’ and ‘units’ attributes */
NXMerrorhandler ( (NXopendata(file_id, "values"}));
muon.events_log_values = (float *) NxXMmemoryhandler (file_id);
NXMerrorhandler ( (NXgetdata(file_id, muon.events_log_values)});
NXMerrorhandler ( (NXMgetstringattr(file_id, "units"

muon.events_ log_values_units))});

NXMerrorhandler({ (NXclosedata{file_id)));
NxXMdebug (“First events value logged: %£\n", muon.events_log_values{0]);

/* read ‘events time’ and ‘units’ attribute */

NXMerrorhandler ( (NXopendata(file_id, "time"))};

muon.events_log_time = (float *) NXMmemoryhandler(file_id);

NXMerrorhandler{ {NXgetdata{file_id, muon.events_log_time)));

NXMerrorhandler ( (NXMgetstringattr(file_id, "units",
muon.events_log_time_units)));

NXMerrorhandler{ {NXclosedata(file_id)));

NxXMdebug ("%s\n", "Read time data"):

NXMdebug ("Logging started at time %$f\n", muon.events_log_time[0]);

else

muon.events_log_values = (float *) NULL;
muon.events_log_time = (float *) NULL;

}

/* close subgroup ‘NXlog’ (events) */
NXMerrorhandler ( (NXclosegroup(file_id)));
NXMdebug ("$s\n", "Close 'NXlog’ (events)");

/* close root group ’'NXentry’ */
NXMerrorhandler ( (NXclosegroup(file_id)));
NXMdebug ("%s\n", "Close 'NXentry’'");

/* close NeXus file */
NXMerrorhandler ( (NXclose (&file_id)));
NXMdebug ("%$s\n", "Close NeXus file");

return NX_OK;

/* NXMfreememory - free memory claimed in NeXus file */
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void NXMfreememory (struct NXM_MUONIDF *nxfdata)

{

/* NXlog (temperature) */

NXMfree (nxfdata->temperature_log_values);
NXMfree (nxfdata->temperature_log_time);

/* NXlog (events) */

NXMfree (nxfdata->events_log_values) ;
NXMfree(nxfdata->events_log_time);

/* NXdata */

NxXMfree (nxfdata->histogram counts) ;

NXMfree (nxfdata->histogram raw_time) ;

NXMfree (nxfdata->histogram corrected_time);

NXMfree(nxfdata->histogram_grouping) ;

NXMfree{nxfdata->histogram_alpha);

/* NXuser */

NxXMfree({nxfdata-»>user_uif_array);

/* NXsample */

NxMfree (nxfdata->sample_magnetic_field_vector};

/* NXdetector */

NXMfree (nxfdata->detector_angles);

NXMfree (nxfdata->detector_deadtimes) ;
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APPENDIX C: Test_nexus_reader.c

/*

* Demonstration program using the NeXus ISIS Read Routine
*

*

* Tested: 1) Visual C++ 5.0, Windows NT 4.0

* 2) OpenvMS 7.2

*

* D.W.Flannery and S.P.Cottrell

*

*/

#include "napi.h"
#include "nexus_reader.h"

void main{)
{

struct NXM_MUONIDF *muon_ptr;
int *histogram_ptr;

int i, j, histogram;

char nxfname([80];

/* input filename from keyboard */

printf ("Enter NeXus filename: "};

scanf {"%s", nxfnamne);

printf ("\nReading NeXus file: %s\n", nxfname);

/* read NeXus file */

1f (NXMread(nxfname, &muon_ptr} != NX_OK)

{
printf ("\nError reading NeXus file %s\n", nxfname});
exit (0);

}

/* print contents of NeXus file */
printf{"\n\nNeXus File Contents\n\n");
printf("Program name: %s\n", muon_ptr->run_program_name) ;
printf ("Program version: %s\n", muon_ptr->run_program_version);
printf {("Run number: %d\n", muon_ptr->run_number);
printf("Title: %$s\n", muon_ptr->run_title);
printf("Notes: %s\n", muon_ptr->run_notes);
printf("Analysis: %s\n", muon_ptr->run_analysis};
printf("Start_time: %s\n", muon_ptr->run_start_time);
printf("Stop_time: %s\n", muon_ptr->run_stop_time);
printf(“Duration: %s\n", muon_ptr->run_duration);
printf({"Switching States: %d\n", muon_ptr->run_switching_states);
/* NXuser */
printf{"Username: %s\n", muon_ptr->user_name) ;
printf ("Experiment number: %s\n", muon_ptr->user_experiment_number);
/* NXsample */
printf("Sample: %s\n", muon_ptr->sample_name);
printf (*Temperature: %f %s\n', muon_ptr->sample_temperature, muon_ptr-
>samp¥e_temperature_units);
printf ("Magnetic field: %f %s\n", muon_ptr->sample_magnetic_field, muon_ptr-
>sample_magnetic_field_units);
printf ("Shape: %s\n", muon_ptr->sample_shape);
printf("Magnetic field state: %s\n", muon_ptr->sample_magnetic_field_state);
i1f (muon_ptr->sample_magnetic_field_vector_available != 0)
{
printf("Magnetic field vector: [%f, %f, %f£f]\n", muon_ptr->sample_magnetic_field_vector(0],
muon_ptr->sample_magnetic_field_vector(l],
muon_ptr->sample_magnetic_field _vector[2]});
printf ("Coordinate system: %s\n", muon_ptr->sample_magnetic_field_vector_coord);
}
else
printf("Magnetic field vector not available\n");
printf("Sample environment: %$s\n", muon_ptr->sample_environment) ;
/* NXinstrument */
printf("Instrument name: %s\n", muon_ptr->instrument_name) ;
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/* NXdetector */
printf ("Number of detectors: %d\n", muon_ptr->detector_number) ;
printf ("Detector orientation: %s\n", muon_ptr->detector_orientation);
/* print detector angle information */
if (muon_ptr->detector_angles_available != 0)
{
printf("Position of first detector: [%f, %f, %fl\n", muon_ptr->detector_angles(0},
muon_ptr->detector_angles(l],
muon_ptr->detector_angles{2]);
printf ("Coordinate system: %s\n”, muon_ptr->detector_angles_coord);
printf("solid angle of 1lst detector: %f\n", muon_ptr->detector_angles(3]);
}
else
printf ("Detector angles not available\n");
/* print detector deadtime information */

if (muon_ptr->detector_deadtimes_available t= 0)
{
printf {"\nDeadtimes available {(in %s) ...\n",muon_ptr->detector_deadtimes_units);
for (i = 0; i < muon_ptr->detector_number; i++)
printf ("Deadtime of detector %d: %f\n", (i + 1), muon_ptr->detector_deadtimes[i]);
}
else

printf ("\nDeadtime information not available\n");

/* NXcollimator */

printf{"Collimator type: %s\n", muon_ptr->collimator_type);

printf ("Collimator aperture: %s\n", muon_ptr->collimator_aperture};

/* NXbeam */

printf ("Events: %f %s\n", muon_ptr->beam_total_counts, muon_ptr->beam_total_counts_units);
printf("Frames: %d\n", muon_ptr->beam frames);

printf ("DAEreads: %$d\n", muon_ptr->beam daereads);

/* NXdata */

printf ("Number of histograms: %d\n", muon_ptr->histogram_number);

printf("Time zero bin: %d\n", muon_ptr->histogram_ t0_bin};
printf("Histogram length: %d\n", muon_ptr->histogram_length);
printf ("First good bin: %d\n", muon_ptr->histogram_first_good_bin);
printf ("Last good bin: %d\n", muon_ptr->histogram last_good_bin);

printf ("Histogram resolution: %d\n", muon_ptr->histogram_resolution);
printf("Histogram units: %s\n", muon_ptr->histogram_units);

/* print time zero information if available */
if (muon_ptr->histogram_time_zero_available > 0)
printf("Histogram time zero: %f %s\n", muon_ptr->histogram_time_zero,
muon_ptr->histogram_time_zero_units);

/* print grouping information if available */
if (muon_ptr->histogram_grouping available > 0)
{

printf ("\nFound %d histogram groups\n", muon_ptr->histogram_grouping_available);

for (i = 1; 1 <= muon_ptr->histogram_grouping_available; i++)
{
printf{"Group %d histograms: ", i});
for (j = 0; j < muon_ptr->histogram_number; j++)
if ({*(muon_ptr->histogram_grouping + j))} == i)
printf{"sd, ", (7 + 1));

printf("\n");
}
}
/* print alpha values for paired groups if available */
i1f (muon_ptr->histogram_alpha_available » 0)
{
printf("alpha defined for %d pairs\n", muon_ptr->histogram_alpha_available);
for (i = 0; i < muon_ptr->histogram_alpha_available; i++)
printf("alpha for group pair %d (groups %f and %f): %f\n", (i + 1)
*{muon_ptr->histogram_alpha + (i * 3)),
*{muon_ptr->histogram_alpha + (i * 3) + 1)},
*{muon_ptr->histogram_alpha + (i * 3) + 2)};

)

/* print User Information */

printf("\n");

for (i = 0; i < muon_ptr->user _uif_array_length; i++)

{
printf ("User Information %d:\n", 1 + 1);
printf (" Data Name: %s\n", muon_ptr->user_uif_array([i].uif_element_name);
printf (" Data Value: %s\n", muon_ptr->user_uif_array(i).uif_element_value);

118



/* demonstrate pointer manipulation of individual histograms ... print every 50th value
in the 1st histogram with time stamp */

printf{"\nHistogram information - (Raw Time, Corrected Time, Counts) {(time in %s):\n",
muon_ptr->histogram corrected_time_units);
histogram = 0; /* choose which histogram you want (starting at zero)
histogram ptr = &({muon_ptr->histogram counts({histogram * muon_ptr->histogram_length));
for (i = 0; i < (muon_ptr->histogram_length); i+=50) /* extract data */
{
printf(" (%£, %f£, %d)\n", *{(muon_ptr->histogram raw_time + i),
* (muon_ptr->histogram_corrected_time + i),
* (histogram_ptr+=50));

}
printf("\n");
/* access logged information ... temperature */

if (muon_ptr->temperature_log_available > 0)
{
printf ("\nTemperature Log - Time (%s), Temperature (%s)\n",
muon_ptr->temperature_log time_units,
muon_ptr->temperature_log_values_units);
for (i = 0; 1 < (muon_ptr->temperature_log_available); i++)
{
printf (" (%f, %£)\n", muon_ptr->temperature log_time[i]
muon_ptr->temperature_log_wvalues({il};

}
else
printf ("\nTemperature log not available\n");

/* access logged information ... events */
if (muon_ptr-revents_log_available > 0)
{
printf{"\nEvent Log - Time (%s), Recorded events (%s)\n",
muon_ptr->events_log_time_units, muon_ptr->events_log_values_units);
for (i = 0; i < (muon_ptr->events_log_available); i++)
{
printf (" (%£f, %£f)\n", muon_ptr->events_log_time[i],
muon_ptr->events_log_values{i]);

else
printf ("\nEvent log not available\n");
/* free memory claimed by read routine */

NXMfreememory (muon_ptr) ;
}
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APPENDIX D: MUON_DEF_F77.INC

C include file for NeXus_reader.For

c written by Damian Flannery

C e define constants -----------~--—----~————~~——-
C constant to define length of strings

INTEGER NXMname
PARAMETER (NXMname = 60)

C switch for debugging information
LOGICAL DEBUG
PARAMETER (DEBUG = .TRUE.)

C version number of the read routine
INTEGER READVERSION
PARAMETER (READVERSION = 1)

C compatible version of instrument definition file
INTEGER IDFVERSION
PARAMETER (IDFVERSION = 1)

C compatible analysis
CHARACTER* (NXMname) ANALYSIS
PARAMETER (ANALYSIS = ‘muonTD’)

C compatible lab
CHARACTER* (NXMname) LAB
PARAMETER (LAB = 'ISIS')

C uif array length
INTEGER UIFLENGTH
PARAMETER (UIFLENGTH = 30)

c number of detectors
INTEGER NUMDETECTORS
PARAMETER (NUMDETECTORS = 32)

c maximum number of histograms
INTEGER MAXHISNUM
PARAMETER (MAXHISNUM = 80)

cC maximum histogram length
INTEGER MAXHISLEN
PARAMETER (MAXHISLEN = 2048)

C maximum log length
INTEGER MAXLOGLEN
PARAMETER (MAXLOGLEN = 80000)

1

C BHEHE NXrun H##H#
CHARACTER* (NXMname) NXM_run_program_name
CHARACTER* (NXMname) NXM_run_program_version
INTEGER NXM_run_idf _version
INTEGER NXM_run_number
CHARACTER* (NXMname} NXM_run_title
CHARACTER* (NXMname) NXM_run_notes
CHARACTER* (NXMname) NXM_run_analysis
CHARACTER* (NXMname) NXM_run_lab
CHARACTER* (NXMname)} NXM_run_beamline
CHARACTER* (NXMname) NXM_run_start_time
CHARACTER* (NXMname) NXM_run_stop_time
CHARACTER* (NXMname) NXM_run_duration
INTEGER NXM_run_switching_states

C f#### NXuser #####
CHARACTER™ (NXMname) NXM_user_name
CHARACTER* (NXMname)} NXM_user_experiment_number
INTEGER NXM_user_uif_array_length
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CHARACTER* (NXMname) NXM_user_uif_element_name (UIFLENGTH)
CHARACTER* (NXMname) NXM_user_uif_element_value (UIFLENGTH)

C ####E NXsample ###i##
CHARACTER™* (NXMname) NXM_sample_name
REAL NXM_sample_temperature
CHARACTER* (NXMname) NXM_sample_temperature_units
REAL NXM_sample_magnetic_field
CHARACTER* (NXMname) NXM_sample_magnetic_field_units
CHARACTER* (NXMname) NXM_sample_shape
CHARACTER* (NXMname) NXM_sample_magnetic_field_state
INTEGER NXM_sample_mfield_vec_available
REAL NXM_sample_mfield_vector(3)
CHARACTER* (NXMname) NXM_sample_mfield_vector_coord
CHARACTER* (NXMname) NXM_sample_environment

C ####4 NXinstrument ###44#
CHARACTER* (NXMname)} NXM_instrument_name

C ##### NXdetector H##i##
INTEGER NXM_detector_number
CHARACTER* (NXMname) NXM_detector_orientation
INTEGER NXM_detector_angles_available
REAL NXM_detector_angles (4, NUMDETECTORS)
CHARACTER™* {(NXMname) NAM_detector_angles_coord
INTEGER NXM_deadtimes_available
REAL NXM_detector_deadtimes (NUMDETECTORS)
CHARACTER* (NXMname) NXM_detector_deadtimes_units

C ####H NXcollimator #####
CHARACTER* (NXMname) NXM_collimator_type
CHARACTER* (NXMname) N¥XM_collimator_aperture

C #H#HE NXbeam #####
REAL NXM_beam_total_counts
CHARACTER* (NXMname) NXM_beam_total_counts_units
INTEGER NXM_beam_daereads
INTEGER NXM_beam_frames

C ##### NXdata histogram_data_1 ##tH#
INTEGER NXM_histogram_counts (MAXHISNUM, MAXHISLEN)
CHARACTER* (NXMname) NXM_histogram_counts_units
INTEGER NXM_histogram_number
INTEGER NXM_histogram_length
INTEGER NXM_histogram_t0O_bin
INTEGER NXM_histogram_ first_good_bin
INTEGER NXM_histogram_last_good_bin
INTEGER NXM_histogram_resolution
CHARACTER™* (NXMname) NXM_histogram_resolution_units
REAL NXM_histogram_ raw_time (MAXHISLEN)
CHARACTER* (NXMname) NXM_histogram_raw_time_units
REAL NXM_histogram_corrected_time (MAXHISLEN)
CHARACTER* (NXMname) NXM_histogram_ctime_units
INTEGER NXM_histogram_grp_available
INTEGER NXM_histogram grouping (NUMDETECTORS)
INTEGER NXM_histogram_alpha_available
REAL NXM_histogram_alpha (3,4)
REAL NXM_histogram_time_zero
CHARACTER* (NXMname) NXM_histogram_time_zero_units
INTEGER NXM_histogram_t0_available

C ##H## NXlog temperature_log_ 1l #####
INTEGER NXM_temp_log_available
CHARACTER* (NXMname) NXM_temp_log_name
REAL NXM_temp_log values (MAXLOGLEN)
CHARACTER* (NXMname) NXM_temp_log_values_units
REAL NXM_temp_log_time (MAXLOGLEN)
CHARACTER* (NXMriame) NXM_temp_log_time_units

C ###4# NXlog event_log_ 1 #H##E
INTEGER NXM_event_log_available
CHARACTER* (NXMname) NXM_event_log_name
REAL NXM_event_log_values (MAXLOGLEN)
CHARACTER* (NXMname) NXM_event_log_values_units
REAL NXM_event_log_time (MAXLOGLEN)
CHARACTER* (NXMname) NXM_event_log_time_units
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C

—————————————— define common blocks here ----------
block for integer data

COMMON /NXM_integer_data_block/ NXM_run_idf_version, NXM_run_number,
&NXM_run_switching_states, NXM_user_uif_array_length,
&NXM_sample_mfield_vec_available, NXM_detector_number,
&NXM_detector_angles_available, NxXM_deadtimes_available,

&NXM_beam_daereads, NXM_beam_frames, NXM_histogram_counts, NXM_histogram number,
&NXM_histogram_length, NXM_histogram_t0_bin, NXM_histogram_first_good_bin,
&NXM_histogram_last_good_bin, NXM_histogram_resolution,
&NXM_histogram_grp_available, NXM_histogram_grouping,
&NXM_histogram_alpha_available, NXM_histogram_tO_available,
&NXM_temp_log_available, NXM_event_log_available

block for real data

COMMON /NXM_real_data_block/ NXM_sample_temperature, NXM_sample_magnetic_field,
&NXM_sample_mfield_vector, NXM_detector_angles, NXM_detector_deadtimes,
&NXM_beam_total_counts, NXM_histogram_raw_time, NXM _histogram_corrected_time,
&NXM_histogram_alpha, NXM_histogram_time_zero, NXM_temp_log_values,

&NXM _temp_log_time, NXM_event_log_values, NXM_event_log_time

block for character data

COMMON /NXM_character_data_block/ NXM_run_program_name, NXM_run_program_version,
&NXM_run_title, NXM_run_notes, NXM_run_analysis, NXM_run_lab, NXM_run_beamline,
&NXM_run_start_time, NXM_run_stop_time, NXM_run_duration,NXM_user_name,
&NXM_user_experiment_number, NXM user_ uif_element_name, NXM_user_uif_element_value,
&NXM_sample_name, NXM_sample_temperature_units, NXM_sample magnetic_field_units,
&NXM_sample_shape, NXM_sample_magnetic_field_state,
&NXM_sample_mfield_vector_coord, NXM_sample_enviromment, NXM_instrument_name,
&NXM_detector_orientation, NXM_detector_angles_coord, NXM_detector_deadtimes_units,
&NXM_collimator_type, NXM_collimator_aperture, NXM_beam_ total_counts_units,
&NXM_histogram_counts_units, NXM_histogram resolution_units,

&NXM_histogram_ raw_time_units, NXM_histogram_ctime_units,
&NXM_histogram_time_zero_units, NXM_temp_log_name, NXM_temp_log_values_units,
&NXM_temp_log_time_units, NXM_event_log_name, NXM_event_log_walues_units,
&NXM_event_log_time_units
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APPENDIX E: MUON_DEF_F90.INC

! F90 include file for NeXus_reader. for
! written by Damian Flannery

b e e - define constants --------~-----~----o-——------

! constant to define length of strings
INTEGER NXMname
PARAMETER (N¥XMname = 60)

! switch for debugging information
LOGICAL DEBUG
PARAMETER (DEBUG = .TRUE.)

! version number of the read routine
INTEGER READVERSION
PARAMETER (READVERSION = 1)

! compatible version of instrument definition file
INTEGER IDFVERSION
PARAMETER (IDFVERSION = 1)

! compatible analysis
CHARACTER* (NXMname) ANALYSIS
PARAMETER (ANALYSIS = ‘muonTD’)

! compatible lab
CHARACTER* (NXMname) LAB
PARAMETER (LAB = ‘ISIS’)

! uif array length
INTEGER UIFLENGTH
PARAMETER (UIFLENGTH = 30)

! number of detectors
INTEGER NUMDETECTORS
PARAMETER (NUMDETECTORS = 32)

! maximum number of histograms
INTEGER MAXHISNUM
PARAMETER (MAXHISNUM = 80)

! maximum histogram length
INTEGER MAXHISLEN
PARAMETER (MAXHISLEN = 2048)

! maximum log length
INTEGER MAXLOGLEN
PARAMETER (MAXLOGLEN = 80000)

I

! faddd NXrun H#####
CHARACTER* {(NXMname) NXM_run_program_name
CHARACTER™* (NXMname) NXM_run_program_version
INTEGER NXM_run_idf_version
INTEGER NXM_run_number
CHARACTER™* (NXMname) NXM_run_title
CHARACTER* (NXMname) NXM_run_notes
CHARACTER* (NXMname) NXM_run_analysis
CHARACTER™* (NXMname) NXM_run_lab
CHARACTER* (NXMname) NXM_run_beamline
CHARACTER* (NXMname) NXM_run_start_time
CHARACTER* (NXMname) NXM_run_stop_time
CHARACTER* (NXMname) NXM_run_duration
INTEGER NXM_run_switching_states

! #H#EHE NXuser ####4
CHARACTER* (NXMname)} NXM_user_name
CHARACTER* (NXMname) NXM_user_experiment_number
INTEGER NXM_user_uif_array_length
CHARACTER™* (NXMname) NXM_user_uif_element_name (UIFLENGTH)
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CHARACTER* (NXMname) NXM_user_uif_element_value {(UIFLENGTH)

! f#4#4 NXsample H####
CHARACTER* (NXMname) NXM_sample_name
REAL NXM_sample_temperature
CHARACTER* (NXMname) NXM_sample_temperature_units
REAL NXM_sample_magnetic_field
CHARACTER* (NXMname) NXM_sample_magnetic_field_units
CHARACTER* (NXMname) NXM_sample_shape
CHARACTER* (NXMname) NXM_sample_magnetic_field_state
INTEGER NXM_sample_mfield_vec_available
REAL NXM_sample_mfield_vector(3)
CHARACTER* (NXMname) NXM_sample_mfield_vector_coord
CHARACTER* {NXMname) NXM_sample_environment

! ####4 NXinstrument ####4#
CHARACTER* (NXMname) NXM_instrument_name

! ##4#H# NXdetector #i###
INTEGER NXM_detector_number
CHARACTER* (NXMname) NXM_detector_orientation
INTEGER NXM_detector_angles_available
REAL NXM_detector_angles (4, NUMDETECTORS)
CHARACTER* (NXMname) NXM_detector_angles_coord
INTEGER NXM_deadtimes_available
REAL NXM_detector_deadtimes (NUMDETECTORS)
CHARACTER?* (NXMname) NXM_detector_deadtimes_units

! ####4 NXcollimator #####
CHARACTER* (NXMname) NXM_collimator_type
CHARACTER* {NXMname) NXM_collimator_aperture

! ##### NXbeam #####
REAL NXM_beam total_counts
CHARACTER* (NXMname) NXM_beam_total_counts_units
INTEGER NXM_beam_daereads
INTEGER NXM_beam_frames

! ##4H% NXdata histogram_data_1 #####
INTEGER NXM_histogram_counts (MAXHISNUM, MAXHISLEN)
CHARACTER* (NXMname) NXM_histogram_counts_units
INTEGER NXM_histogram_number
INTEGER NXM_histogram_length
INTEGER NXM_histogram_t0_bin
INTEGER NXM_histogram_first_good_bin
INTEGER NXM_histogram_last_good_bin
INTEGER NXM_histogram_resolution
CHARACTER* (NXMname) NXM_histogram_resolution_units
REAL NXM_histogram raw_time (MAXHISLEN)
CHARACTER* (NXMname) NXM_histogram_raw_time_units
REAL NXM_histogram_corrected_time (MAXHISLEN)
CHARACTER* (NXMname) NXM_histogram_ctime_units
INTEGER NxXM_histogram grp_available
INTEGER NXM_histogram_grouping (NUMDETECTORS)
INTEGER NXM_histogram_alpha_available
REAL NXM_histogram_alpha (3,4)
REAL NXM_histogram_time_zero
CHARACTER* (NXMname) NXM_histogram_time_zero_units
INTEGER NXM_histogram_t0_available

! #Ed#f NXlog temperature_log_ 1 ##fi##
INTEGER NXM_temp_log_available
CHARACTER* (NXMname) NXM_temp_log_name
REAL NXM_temp_log_values (MAXLOGLEN)
CHARACTER* (NXMname) NXM_temp_log_values_units
REAL NXM_temp_log_time (MAXLOGLEN)
CHARACTER* (NXMname) NXM_temp_log_time_units

! #ef#d NXlog event_log_ 1 #####
INTEGER NXM_event_log_available
CHARACTER* (NXMname)} NXM_event_log_name
REAL NXM_event_log_values (MAXLOGLEN)
CHARACTER* (NXMname) NXM_event_log_values_units
REAL NXM_event_log_time (MAXLOGLEN)
CHARACTER* (NXMname) NXM_event_log_time_units
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—————————————— define common blocks here ----------
block for integer data

COMMON /NXM_integer_data_block/

&NXM_run_idf_version,NXM_run_number, NXM_run_switching_states, &
&NXM_user_uif_array_length,NxXM_sample_mfield_vec_available, &
&NXM_detector_number, &NXM_detector_angles_available,NXM_deadtimes_available, &
&NXM_beam_daereads, NXM_beam frames, NXM_histogram_counts, NXM_histogram_number, &
&NXM_histogram_length,NXM_histogram_t0_bin, NXM_histogram first_good_bin, &
&NXM_histogram_last_good_bin, NXM_histogram_resolution, &
&NXM_histogram_grp_available, NXM_histogram_grouping, &
&NXM_histogram_alpha_available,NXM_histogram_tO0_available, &
&NXM_temp_log_available, NXM_event_log_available

block for real data

COMMON /NXM_real_data_block/ NXM_sample_temperature, &
&NXM_sample_magnetic_field, NXM_sample_mfield_vector, &
&NXM_detector_angles,NXM_detector_deadtimes, NXM_beam_total_counts, &
&NXM_histogram_raw_time,NXM_histogram_corrected_time,NXM_histogram_alpha, &
&NXM_histogram _time_zero,NXM_temp_log_values,NXM_temp_log_time, &
&NXM_event_log_values, NXM_event_log_time

block for character data

COMMON /NXM_character_data_block/ NXM_run_program_name, &
&NXM_run_program_version, NXM_run_title, NXM_run_notes,&

&NXM_run_analysis, NXM_run_lab,NXM_run_beamline, NXM_run_start_time, &
&NXM_run_stop_time, NXM_run_duration,NXM_user _name, &
&NXM_user_experiment_number, NXM_user_uif_element_name, &
&NXM_user_uif_element_value, NXM_sample_name, &

&NEM_sample_temperature_units, NXM_sample_magnetic_field units, &
&NXM_sample_shape, NXM_sample_magnetic_field_state,&
&NXM_sample_mfield_vector_coord, NXM_sample_environment, NXM_instrument_name, &
&NXM_detector_orientation, NXM_detector_angles_coord, &
&NKM_detector_deadtimes_units, NXM_collimator_type, NXM_collimator_aperture, &
&NXM_beam_total_counts_units, NXM_histogram_resolution_units,&
&NXM_histogram_ raw_time_units, NXM_histogram_ctime_units,&
&NXM_histogram_time_zero_units,NXM_temp_log_name, NXM_temp_log_values_units, &
&NXM_temp_log_time_units, NXM_event_log_name, &

&NXM_event_log_values_units, NXM_event_log_time_units
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APPENDIX F: NEXUS_READER.FOR

INTEGER FUNCTION NXMread (nxfname)

include ‘NAPIF.INC’
C  cmrmmmemmmmmmm e define constants ------------—---------soo--o
c constant to define length of strings

INTEGER NXMname
PARAMETER (NXMname = 60)

[of switch for debugging information
LOGICAL DEBUG
PARAMETER (DEBUG = .FALSE.)

C version number of the read routine

INTEGER READVERSION
PARAMETER (READVERSION = 1)

C compatible version of instrument definition file
INTEGER IDFVERSION
PARAMETER (IDFVERSION = 1)

C compatible analysis
CHARACTER™* (NXMname) ANALYSIS
PARAMETER (ANALYSIS = ’‘muonTD’)

C compatible lab
CHARACTER* (NXMname) LAB
PARAMETER (LAB = 'ISIS’)

C uif array length
INTEGER UIFLENGTH
PARAMETER (UIFLENGTH = 30)

C number of detectors
INTEGER NUMDETECTORS
PARAMETER (NUMDETECTORS = 32)

cC maximum number of histograms
INTEGER MAXHISNUM
PARAMETER (MAXHISNUM = 80}

C maximum histogram length
INTEGER MAXHISLEN
PARAMETER (MAXHISLEN = 2048)

C maximum log length
INTEGER MAXLOGLEN
PARAMETER (MAXLOGLEN = 80000)

Cc #H#8H NXrun #####
CHARACTER* (NXMname) NXM_run_program_name
CHARACTER* (NXMname) NXM_run_program_version
INTEGER NXM_run_idf_version
INTEGER NXM_run_number
CHARACTER™* (NXMname) NXM_run_title
CHARACTER* (NXMname) NXM_run_notes
CHARACTER* (NXMname) NXM_run_analysis
CHARACTER* (NXMname) NX¥_run_lab
CHARACTER* {NXMname) WXM_run_peamline
CHARACTER* (NXMname) NXM_run_start_time
CHARACTER* (NXMname) NXM_run_stop_time
CHARACTER* (NXMname) NXM_run_duration
INTEGER NXM_run_switching_states

C ##444 NXuser H####
CHARACTER™* (NXMname) NXM_user_name
CHARACTER* (NXMname) NXM_user_experiment_number
INTEGER NXM_user_uif_array_length
CHARACTER* (NXMname) NXM_user uif element_name (ULFLENGTH)
CHARACTER* (NXMname) NXM_user uif_element_value (UIFLENGTH)

C 4448 NXsample #H####
CHARACTER* (NXMname) NXM_sample_name
REAL NXM_sample_temperature
CHARACTER* (NX}Mname) NXM_sample_temperature_units
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REAL NXM_sample_magnetic_field

CHARACTER* (NXMname) NXM_sample_magnetic_field_units
CHARACTER* (NXMname) NXM_sample_shape

CHARACTER* (NXMname) NXM_sample_magnetic_field_state
INTEGER NXM_sample_mfield_wvec_available

REAL NXM_sample_mfield_vector(3)

CHARACTER* (NXMname) NXM_sample_mfield_vector_coord
CHARACTER* (NXMname) NXM_sample_environment

C #4448 NXinstrument #H##4
CHARACTER* (NXMname) NXM_instrument_name

C #4484 NXdetector ####44
INTEGER NXM_detector_number
CHARACTER* (NXMname) NXM_detector_orientation
INTEGER NXM_detector_angles_available
REAL NXM_detector_angles (4, NUMDETECTORS)
CHARACTER* (NXMname) NXM_detector_angles_coord
INTEGER NXM_deadtimes_available
REAL NXM_detector_deadtimes {NUMDETECTORS)
CHARACTER* (NXMname) NXM_detector_deadtimes_units

C ###8# NXcollimator #####
CHARACTER* (NXMname) NXM_collimator_type
CHARACTER* (NXMname) NXM_collimator_ aperture

C #4444 NXbeam H###4#
REAL NXM_beam_total_counts
CHARACTER* (NXMname) NXM_beam_total_counts_units
INTEGER NXM_beam_daereads
INTEGER NXM_beam_frames

C §#ft## NXdata histogram_data_1 #H####
INTEGER NXM_histogram_counts (MAXHISNUM, MAXHISLEN)
CHARACTER* (NXMname) NXM_histogram_counts_units
INTEGER NXM_histogram_number
INTEGER NXM_histogram_length
INTEGER NXM_histogram t0_bin
INTEGER NXM_histogram_first_good_bin
INTEGER NXM_histogram_last_good_bin
INTEGER NXM_histogram resolution
CHARACTER* (NXMname) NXM_histogram_resolution_units
REAL NXM_histogram_raw_time (MAXHISLEN)
CHARACTER* (NXMname) NXM_histogram_raw_time_units
REAL NXM_histogram_corrected_time (MAXHISLEN)
CHARACTER*®* (NXMname) NXM_histogram_ctime_units
INTEGER NXM_histogram_grp_available
INTEGER NXM_histogram_grouping (NUMDETECTORS)
INTEGER NXM_histogram_alpha_available
REAL NXM_histogram_alpha (3,4)
REAL NXM_histogram_time_zero
CHARACTER* (NXMname) NXM_histogram_time_zero_units
INTEGER NXM_histogram_t0_available

C ##8#E NXlog temperature_log_1 #####
INTEGER NXM_temp_log_available
CHARACTER* (NXMname) NXM_temp_log_name
REAL NXM_temp_log_values (MAXLOGLEN)
CHARACTER* (NXMname) NXM_temp_log_values_units
REAL NXM_temp_log_time (MAXLOGLEN)
CHARACTER* (NXMname) NXM_temp_log_time_units

C H##8# NXlog event_log_1 #####
INTEGER NXM_event_log_available
CHARACTER* (NXMname) NXM_event_lcg_name
REAL NXM_event_log_values (MAXLOGLEN})
CHARACTER* (NXMname) NXM_event_log_values_units
REAL NXM_event_log_time (MAXLOGLEN)
CHARACTER* (NX}Mname) NXM_event_log_time_units

C e define local variables here -------------—-—---—--

INTEGER file_id (NXHANDLESIZE)
CHARACTER?* (NXMname) nxfname

INTEGER NLEN

INTEGER XRANK

INTEGER XDIM

INTEGER XTYPE

INTEGER ITEMN

INTEGER I, J, K, ATTLEN, RGNUM
CHARACTER*20 GNAME
CHARACTER*20 GCLASS
CHARACTER*8 TESTX

INTEGER NTINT, NTYPE
INTEGER NCOUNT
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INTEGER numitems, datatype, uif_count
CHARACTER* (NXMname) groupname, classname, dataname

INTEGER temp_data (163840)

—————————————— define common blocks here -------~---
block for integer data

COMMON /NXM_integer_data_block/
&NXM_run_idf_version, NXM_run_number, NXM_run_switching states, &
&NXM_user_uif_array_length,NXM_sample_mfield_vec_available, &
&NXM_detector_number, &NXM_detector_angles_available, NXM_deadtimes_available, &
&NXM_beam_daereads, NXM_beam_frames, NXM_histogram_counts, NXM_histogram_number, &
&NXM_histogram_length,NXM_histogram_ tO_bin,NXM_histogram_first_good_bin, &
&NXM_histogram_last_good_bin, NxXM_histogram_resolution, &
&NXM_histogram_grp_available,NX¥M_histogram grouping, &
&NXM_histogram_alpha_available,NXM_histogram_tO_available, &
&NXM_temp_log_available, NXM_event_log_available

block for real data

COMMON /NXM_real_data_block/ NXM_sample_temperature, &
&NXM_sample_magnetic_field,NXM_sample_mfield_vector, &
&NXM_detector_angles,NXM_detector_deadtimes, NXM_beam_total_counts, &
&NXM_histogram_raw_time,NXM_histogram_corrected_time,NXM_histogram_alpha, &
&NXM_histogram_time_zero,NXM_temp_log_values,NXM_temp_log_time, &
&NXM_event_log_values, NXM_event_log_time

block for character data

COMMON /NXM_character_data_block/ NXM_run_program_name, &
&NXM_run_program_version, NXM_run_title, NXM_run_notes,&
&NXM_run_analysis, NXM_run_lab, NXM_run_beamline,NXM run_start_time, &
&NXM_run_stop_time, NXM_run_duration, NXM_user_name, &
&NXM_user_experiment_number, NXM_user_uif_element_name, &

&NXM_user_uif _element_value, NXM_sample_name, &

&NXM_sample_temperature_units, NXM_sample_magnetic_field_units, &
&NXM_sample_shape, NXM_sample_magnetic_field_state, &
&NXM_sample_mfield_vector_coord, NXM_sample_environment, NXM_instrument_name, &
&NXM_detector_orientation, NXM_detector_angles_coord, &
&NXM_detector_deadtimes_units, NXM_collimator_type, NXM_collimator_aperture, &
&NXM_beam_total_counts_units, NXM_histogram _resolution_units,&
&NXM_histogram_raw_time_units, NXM_histogram_ctime_units,&
&NXM_histogram_time_zero_units,NXM_temp_log_name,NXM_tewmp_log_values_units, &
&NXM_temp_log_time_units, NXM_event_log_name, &

&NXM_event_log_values_units, NXM_event_log_time_units

QQERAPEEREREERERERE Open Nexus File @e@@eeEdeeereeeee
if (NXopen (nxfname, NXACC_READ, file_id) .NE. NX_OK) stop
if (debug) print *, ‘Opening NeXus file...’

QEQRREERAERRACEEARE Open 'Run’ Group QRREEEREEEREREAGEAERERQ
if (NXopengroup {(file_id, ‘run’, °'NXentry’) .NE. NX_OK) stop
if (debug) print *, ‘Opening "NXentry"...’

display (in debug mode) Nexus reader version and IDF compatible version number
if (debug) then
*

print *, -
print *, ’'Nexus reader version ', READVERSION
print *, ’Compatible with ISIS Muon Instrument Definition version ’, IDFVERSION
print *, *
end if

read idf version

if (NXopendata (file_id, 'idf_version’) .NE. NX_OK) stop

if (NXgetdata (file_id, NXM_run_idf_version) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ‘IDF version : ‘', NXM_run_idf_version

read analysis

if (NXopendata (file_id, ’analysis’) .NE. NX_OK) stop

if {(NXgetchardata (file_id, NXM_run_analysis) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ‘Analysis : ‘', NXM_run_analysis
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C read lab
if (NXopendata (file_id, ‘lab’') .NE. NX_OK) stop
if (NXgetchardata (file_id, NxXM_run_lab) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if {debug) print *, 'Lab : ', NXM_run_lab
C check reader compatibility
if ((NXM_run_idf_version .NE. IDFVERSION) .OR. {({NXM_run_analysis .NE. ANALYSIS) .OR. (NX¥M_run_lab .NE. LAB))}) then
print *, * '
print *, ‘Fatal Error : Read routine incompatible with instrument definition used to write data’
print *, ’'Found IDF version: ‘' ,NXM_run_idf_version,’, Analysis: ’',NXAM_run_analysis,’, Lab: ’, NXM_run_lab
print *, ‘Expecting IDF version: °‘,IDFVERSION,’, Analysis: ’,ANALYSIS,’, Lab: ’,LAB
print *, * ‘
stop
end if
C read beamline
if (NXopendata (file_id, ’beamline’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_run_beamline} .NE. NX_OK) stop
if (NXclosedata {(file_id) .NE. NX_OK) stop

if (debug) print *, ’'Beamline : ’, NXM_run_beamline
ATTLEN=3
datatype = NX_CHAR
C read program name and program version
if (NXopendata (file_id, ’'program_name’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_run_program_name) .NE. NX_OK) ctop
if (NXgetcharattr (file_id, ’version’, NXM_run_program_version, ATTLEN, datatype) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ’‘Program Name : ‘, NXM_run_program_name
if (debug) print *, ’Program Version : ’, NXM_run_program_version
C read run number

if (NXopendata (file_id, ’'number’) .NE. NX_OK) stop
if (NXgetdata (file_id, NXM_run_number) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ‘Run Number : ', NXM_run_number
C read title
if (NXopendata (file_id, ’title’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_run_title) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, 'Title : ', NXM_run_title
C read notes
if (NXopendata (file_id, ‘notes’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_run_notes) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ‘Notes : ', NXM_run_notes
C read start_time
if (NXopendata (file_id, ‘'start_time’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NX¥M_run_start_time) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop
if (debug) print *, ’'Start Time : ’, NXM_run_start_time

C read stop_time
if (NXopendata (file_id, ‘stop_time’}) .NE. NX_OK) stop
if (NXgetchardata (file_id, NXM_run_stop_time) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

1f (debug) print *, ‘Stop Time : ‘, NXM_run_stop_time
C read duration
if (NXopendata (file_id, ‘duration’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_run_duration) .NE. NX_OK} stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ‘Duration : ‘', NXM_run_duration
C read switching states (rgmodeO
1f (NXopendata (file_id, ‘switching_states’) .NE. NX_OK) stop

if (NXgetdata (file_id, NXM_run_switching_states) .NE. NX_OK) stop
if {NXclosedata (file_id) .NE. NX_OK) stop

if {debug) print *, ‘Switching States : ‘, NXM_run_switching_states
C @RRRRRRARRERERERER open NXuser group GRREEEERRLREREEEEREEREAA
if (NXopengroup (file_id, ‘user’, 'NXuser’) .NE. NX_OK) stop

if (debug) print *, * -
if (debug) print *, ‘Opening NXuser...’

if (NXinitgroupdir (file_id) .NE. NX_OK) stop
if (NXgetgroupinfo (file_id, numitems, groupname, classname) .NE. NX_OK) stop

C if (debug) print *, ‘Group Info: ', trim{classname), ', ’,trim{(groupname),’', ’,numitems

uif_count = 0
do i=1, numitems
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&

if (NXgetnextentry (file_id, dataname, classname, datatype) .NE. NX_OK) stop
if (NXopendata(file_id, dataname) .NE. NX_OK) stop
if {debug) print *, ’‘Data name: °',dataname

if (dataname.EQ.’'name’) then
if (NXgetchardata (file_id, NXM_user_name) .NE. NX_OK) stop
if (debug) print *, ‘Data value : ', NXM_user_name
else if (dataname .EQ. ‘experiment_number’) then
if (NXgetchardata (file_id, NXM_user_experiment_number) .NE. NX_OK) stop
if (debug) print *, ‘Data value : ‘', NXM_user_experiment_number
else
uif_count = uif_count + 1

if (NXgetchardata (file_id, NXM_user_uif_element_value (uif_count)). NE. NX_OK) stop

NXM_user_uif_element_name (uif_count) = dataname
if (debug) print *, 'Data value : ‘,NXM_user_uif_element_value(uif_count)
end if
end do

NXM_user_uif_array_length = uif_count .
if (debug) print *, 'UIF array length : * ,NXM user_uif_array_length

@QAREEERRERERERER close NXuser group GRRAEEREAREGREEEERERA
if (NXclosegroup (file_id) .NE. NX_OK) stop
if (debug) print *, ’'Closing NXuser...'’

QEEREEREEERERREREERE open NXsample group @REEREAGEEEGEEAEERQAAEE

if (NXopengroup (file_id, ‘sample’, ’'NXSample’) .NE. NX_OK) stop
if {debug) print *, * -

if (debug) print *, ‘Opening NXsample...’

read sample name

if (NXopendata (file_id, ’‘name’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_sample_name) .NE. NX_OK) stop
if {NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ’'Sample name : ’, NXM_sample_name

ATTLEN=7
datatype = NX_CHAR
read temperature and units

if (NXopendata (file_id, ‘temperature’) .NE. NX_OK) stop
if (NXgetcharattr (file_id, 'units’, NXM_sample_temperature_units, ATTLEN, datatype) .NE. NX_OK) stop
if (Nxgetdata (file_id, NXM_sample_temperature) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop
if (debug) print *, 'Sample temperature : ‘', NXM_sample_temperature
if {(debug) print *, 'Temperature units : ‘', NXM_sample_temperature_units
ATTLEN=6
datatype = NX_CHAR
read magnetic field and units
if (NXopendata (file_id, ’'magnetic_field’) .NE. NX_OK) stop
if (NXgetcharattr (file_id, ’units’', NXM_sample_magnetic_field_units, ATTLEN, datatype) .NE. NX_OK) stop
if (NXgetdata (file_id, NXM_sample_magnetic_field) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop
if (debug) print *, ’'Sample magnetic field : ', NXM_sample_magnetic_field
if (debug) print *, 'Field units : ‘, NXM_sample_magnetic_field_units
read shape
if (NXopendata (file_id, ‘shape’) .NE. NX_OK) stop
if {NXgetchardata (file_id, NXM_sample_shape) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop
if (debug) print *, 'Sample shape : ’, NxXM_sample_shape
read magnetic field state
if (NXopendata (file_id, 'magnetic_field_state’) .NE. NX_OK) stop
if (NXgetchardata (file_id, NXM_sample_magnetic_field_state) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop
if {(debug) print *, 'Field state : ', NXM sample _magnetic_~field
ATTLEN=1
datatype = NX_INT32
read magnetic field vector and coordinate system attribute
if (NXopendata (file_id, ’magnetic_field_vector’') .NE. NX_OK) stop
if (NXgetattr (file_id, 'available’, NXM_sample_mfield_vec_available, ATTLEN, datatype) .NE. NX_OK) stop
if (NXM_sample_mfield_vec_available.NE.0) then
ATTLEN=20
datatype = NX_CHAR
if (NXgetcharattr (file_id, ’‘coordinate_system’, NXM_sample_mfield_vector_coord, ATTLEN, datatype) .NE. NX_OK)
stop
if (NXgetdata (file_id, NXM_sample_mfield_vector) .NE. NX_OK) stop
if (debug) print *, ‘Field units : [’, NXM_sample_mfield_vector(l), ’, ', NX¥_sample_mfield_vector(2)
, ', ' ,NXM_sample_mfield_vector(3),']}
if (debug) print *, ’'Field Vector coordinate system : ‘,NXM_sample_mfield_vector_coord
else
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if (debug) print *, ‘Magnetic field vector not available’
end if
if (NXclosedata (file_id) .NE. NX_OK) stop

C read environment
if (NXopendata {file_id, ‘environment’) .NE. NX_OK) stop
if (NXgetchardata (file_id, NXM_sample_environment) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop
if (debug) print *, ’Sample environment : ‘, NXM_sample_environment

c CRRERERRRREREREE close NXsample group GERAGERRREREREEQARE
if (NXclosegroup (file_id) .NE. NX_OK) stop
if (debug) print *, ’‘Closing NXsample’

C CRREEERRARRAARRERE open NXinstrument group GEREEAEERERERERREE
if (NXopengroup (file_id, ‘instrument’, ’‘NXinstrument’) .NE. NX_OK) stop
if (debug) print *, *
if (debug) print *, ‘Opening NXinstrument...’

C read instrument name
if (NXopendata (file_id, ’'name’) .NE. NX_OK) stop
if {NXgetchardata (file_id, NXM_instrument_name) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ‘Instrument name : ‘, NXM_instrument_name
C QRERERREREGRAEERRERE open NXdetector group GRRARALEAAREAREREERERE
i1f (NXopengroup (file_id, ‘detector’., ’'NXdetector’) .NE. NX_OK) stop

if (debug) print *, * -
if (debug) print *, 'Opening NXdetector...’

C read detector number
if (NXopendata (file_id, ‘number’) .NE. NX_OK) stop
if (NXgetdata (file_id, NXM_detector_number) .NE. NX_OK} stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ‘Detector number : ', NXM_detector_number
C read detector orientation
if (NXopendata (file_id, ‘orientation’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_detector_orientation) .NE. NX_OK) stop
if (NXclosedata {(file_id) .NE. NX_OK) stop

if (debug) print *, 'Detector orientation : ’, NXM_detector_orientation
C read angles and coordinate system attribute

if (NXopendata (file_id, ‘angles’) .NE. NX_OK) stop

ATTLEN=1

datatype = NX_INT32
if (NXgetattr (file_id, ‘available’, NXM_detector_angles_available, ATTLEN, datatype) .NE. NX_OK) stop
if (NXM_detector_angles_available .NE. 0) then
if (NXgetdata (file_id, NXM_detector_angles) .NE. NX_OK) stop
if (debug) print *, ‘Reading detector angles...’
ATTLEN=20
datatype = NX_CHAR
if (NXgetcharattr (file_id, ’coordinate_system’, NXM_detector_angles_coord, ATTLEN, datatype) .NE. NX_OK)

& stop

if (debug) print *, ’‘Detector angles coordinate system : ', NXM detector_angles_coord
else

if (debug) print *, ’‘Detector angles not available’
end if

if (NXclosedata (file_id) .NE. NX_OK) stop

C read deadtimes and coordinate system attribute
if (NXopendata (file_id, ’‘deadtimes’) .NE. NX_OK) stop
ATTLEN=1

datatype = NX_INT32
if (NXgetattr (file_id, ‘available’, NX¥M_deadtimes_available, ATTLEN, datatype) .NE. NX_OK) stop
if (NXM_deadtimes_available .NE. 0) then

if (debug) print *, ‘Reading detector deadtimes...’
if (NXgetdata (file_id, NXM_detector_deadtimes) .NE. NX_OK) stop
ATTLEN=20

datatype = NX_CHAR
if (NXgetcharattr (file_id, ‘units’, NXM_detector_deadtimes_units, ATTLEN, datatype) .NE. NX_OK} stop

if (debug) print *, ‘Detector deadtime units : ’, NXM_detector_deadtimes_units
else

if (debug) print *, ‘Detector deadtimes not available’
end if

if (NXclosedata (file_id) .NE. NX_OK) stop

C CERERACEERERRERAER close NXdetector group RGRREREREREEREREAERE
if (NXclosegroup (file_id) .NE. NX_OK) stop
if (debug) print *, ‘Closing NXdetector...’
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QQERRERRAEERERAERAA open NXcollimator group 2QQRRERZEAGEARERARREQ

if (NXopengroup (file_id, ‘collimator’, ‘NXcollimator’) .NE. NX_OK) stop
if (debug) print *, *

if {debug) print *, ‘Opening NXcollimator...’

read collimator type

if (NXopendata {file_id, ‘type’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_collimator_type) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if {debug) print *, ’Collimator type : ’, NXM_collimator_type

read collimator aperture

if (NXopendata (file_id, ’aperture’) .NE. NX_OK) stop

if (NXgetchardata {(file_id, NXM_collimator_aperture) .NE. NX_OK) stop
1f (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ‘Collimator aperture : ‘, NXM_collimator_aperture

@REERREREARRRAREREEBE close NXcollimator group @RREREREEGEREEERREEEE
if (NXclosegroup (file_id) .NE. NX_OK) stop
if (debug) print *, ’Closing NXcollimator...'’

@RERRERARRERRERE open NXbeam group GRERRRERGRREECRERER

if (NXopengroup (file_id, ‘beam’, ‘NXbeam’) .NE. NX_OK) stop
if {(debug) print *, '

if {debug) print *, ‘Opening NXbeam...’

read total counts and units

if {NXopendata (file_id, ‘total_counts’) .NE. NX_OK} stop

if (NXgetdata (file_id, NXM_beam_total_counts) .NE. NX_OK) stop

ATTLEN=4

datatype = NX_CHAR

if (NXgetcharattr (file_id, ‘units’, NXM_beam_total_counts_units, ATTLEN, datatype} .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ‘Beam counts : °, NXM_beam_total_counts

read daereads

if {NXopendata (file_id, 'daereads’') .NE. NX_OK) stop

if (NXgetdata (file_id, NXM_beam_daereads) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if tdebug) print *., 'Beam daereads : ', NXM_beam_daereads

read frames

i1f (NXopendata (file_id, 'frames’) .NE. NX_OK) stop

if (NXgetdata (file_id, NXM_beam frames) .NE. NX_OK) stop
if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ‘Beam frames : ‘, NXM_beam_frames

QEERRRREEEARERA close NXbeam group @RRREAGREEERERAREEREG
if (NXclosegroup {file_id) .NE. NX_OK) stop
if (debug) print *, ‘Closing NXbeam...’

@QRRREAEERERRRERAA close NXinstrument group GREREREREAGEREREERE
if (NXclosegroup (file_id) .NE. NX_OK) stop

if (debug) print *, * -

if (debug) print *, ‘Closing NXinstrument...-’

QRARERAERARRRERERE open NXdata group GRRREEREEREREREEREE

if {NXopengroup (file_id, 'histogram_data_1l’, ‘NXdata’) .NE. NX_OK) stop
if (debug) print *, *

if {debuyg) print *, 'Opening NXdata...’

read counts

if (NXopendata (file_id, ’counts’) .NE. NX_OK) stop
i1f (debug) print *, ’'Reading histogram_counts’

if (NXgetdata (file_id, temp_data) .NE. NX_OK} stop

ATTLEN=1

datatype = NX_INT32

1f (NXgetattr (file_id, ‘number’, NXM_histogram_number, ATTLEN, datatype) .NE. NX_OK) stop
if (NXgetattr (file_id, ’length’, NXM_histogram_length, ATTLEN, datatype) .NE. NX_OK) stop
if (NXgetattr (file_id, ’'tO_bin‘’, NXM_histogram_t0O_bin, ATTLEN, datatype) .NE. NX_OK) stop

if (NXgetattr (file_id, ’‘first_good_bin’, NxXM_histogram_first_good_bin, ATTLEN, datatype) .NE. NX_OK) stop

if (NXgetattr (file_id, ’last_good_bin‘, NXM_histogram_last_good_bin, ATTLEN, datatype) .NE. NX_OK) stop
ATTLEN=12

datatype = NX_CHAR

if (NXgetcharattr {(file_id, ‘units’, NX¥M_histogram_counts_units, ATTLEN, datatype) .NE. NX_OK) stop

if (NXclosedata (file_id) .NE. NX_OK) stop

if (debug) print *, ’'Histogram number : ', NAM_histogram_number
if (debug) print *, ’'Histogram length : ‘', NXM_histogram_length
if (debug) print *, ‘Histogram tO_bin : ', NXM_histogram_tO_bin
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if {debug) print *, ‘Histogram first_good_bin : ‘, NXM_histogram_first_good_bin

if {debug) print *, ’Histogram last_good_bin : ’, NXM_histogram_last_good_bin
if (debug) print *, ‘Histogram units : ’, NXM_histogram counts_units
k=0

do i=1, NXM_histogram _number
do j=1, NXM_histogram_length
k=k+1
NXM_histogram_counts (i,j) = temp_data (k)
end do
end do

read histogram_resolution

if (NXopendata (file_id, ’'resolution’) .NE. NX_OK) stop

if (NXgetdata (file_id, NXM_histogram_resolution) .NE. NX_OK) stop
ATTLEN=12

datatype = NX_CHAR

1f (NXgetcharattr (file_id, ‘units’, NXM_histogram_resolution_units, ATTLEN, datatype) .NE. NX_OK) stop

if (NXclosedata (file_id) .NE. NX_OK) stop
if (debug) print *, 'Histogram_resolution : ’, NXM_histogram_resolution
if (debug) print *, ‘Histogram_resolution units : ’, NX¥_histogram_resolution_units

read histogram time zero

if (NXopendata (file_id, ’'time_zero’) .NE. NX_OK) stop
if {(debug) print *, ’'Reading histogram time_zero...’
ATTLEN=1

datatype = NX_INT32

if (NXgetattr (file_id, ‘available’, NXM_histogram_t0_available, ATTLEN, datatype) .NE. NX_CK)

if (NX¥M_histogram_t0_available.GT.0) then

if (NXgetdata (file_id, NXM_histogram_time_zero) .NE. NX_OK) stop

if {debug) print *, "Histogram time_zero ’'", NXM_histogram_time_zero, "' value found"

ATTLEN=12
datatype = NX_CHAR
if (NXgetcharattr (file_id, ‘units’, NXM_histogram_time_zero_units, ATTLEN, datatype)

if (debug) print *, "Histogram time_zero units : ", NXM_histogram_time_zero_units
else

if (debug) print *, 'Histogram time_zero not available’
end if

if (NXclosedata (file_id) .NE. NX_OK) stop

read raw time

if (NXopendata (file_id, ‘raw_time’) .NE. NX_OK) stop

if (debug) print *, ‘Reading raw time...’

if {NXgetdata (file_id, NxXM_histogram_raw_time) .NE. NX_OK) stop
ATTLEN=14

datatype = NX_CHAR

.NE. NX_OK)

stop

if (NXgetcharattr (file_id, ‘units’, NXM_histcgram_raw_time_units, ATTLEN, datatype) .NE. NX_OK) stop

if (NXclosedata (file_id) .NE. NX_OK) stop
if (debug) print *, ‘Histogram raw time units : ’, NXM _histogram_raw_time_units

read corrected time

if (NXopendata (file_id, ’'corrected_time’) .NE. NX_OK) stop

if (debug) print *, ’‘Reading corrected time...’

if (NXgetdata (file_id, NXM_histogram_corrected_time) .NE. NX_OK) stop
ATTLEN=14

datatype = NX_CHAR

if (NXgetcharattr (file_id, ‘units’, NXM_histogram_ctime_units, ATTLEN, datatype) .NE. NX_OK)

if (NXclosedata (file_id) .NE. NX_OK) stop
if (debug) print *, ‘Histogram corrected time units : ', NXM_histogram_ctime_units

read grouping

if (NXopendata (file_id, ‘grouping’) .NE. NX_OK) stop
if (debug) print *, 'Reading histogram groupings...’
ATTLEN=1

datatype = NX_INT32

if (NXgetattr (file_id, ‘available’, NXM_histogram_grp_available, ATTLEN, datatype) .NE. NX_OK)

if (NXM_histogram_grp_available.GT.0) then
if (debug) print *, NXM_histogram_grp_available,’ groups found’
if (NXgetdata (file_id, NX¥M_histogram_grouping) .NE. NX_OK) stop
else
if (debug} print *, ‘No groupings available-’
end if
if (NXclosedata (file_id) .NE. NX_OK) stop

read alpha

if (NXopendata (file_id, ‘alpha’}) .NE. NX_OK) stop

if (debug) print *, ’'Reading alpha for grouped pairs...’
ATTLEN=1

datatype = NX_INT32

stop

stop

if (NXgetattr (file_id, ‘available’, NXM_histcogram_alpha_available, ATTLEN, datatype) .NE. NX_OK) stop

if (NXM_histogram_alpha_available.GT.0) then

stop



if (debug) print *, NXM_histogram_alpha_available,’ alpha pairs found’
if (NXgetdata (file_id, NX¥_histogram_ alpha) .NE. NX_OK) stop

else
if (debug) print *, ’No alpha pairs available’

end if

if (NXclosedata (file_id) .NE. NX_OK) stop

QEARERREARRRRAREE close NXdata group @eEReELAEeeEAreREe
if (NXclosegroup (file_id) .NE. NX_OK) stop
if {debug) print *, ‘Closing NXdata...’

QEREEARRARRARAR open NXlog group GRRREEEREEREEREAREERA

1f (NXopengroup (file_id, ’'temperature_log_1’, 'NXlog‘) .NE. NX_OK} stop
if (debug) print *, ’

if (debug) print *, ’‘Opening NXlog...’

read name and available attribute

if (NXopendata (file_id, ‘name’) .NE. NX _OK) stop

if (NXgetchardata (file_id, NXM_temp_log _name) .NE. NX_OK)} stop
ATTLEN=1

datatype = NX_INT32

if (NXgetattr (file_id, ’available’, NXM_temp_log_available, ATTLEN, datatype) .NE. NX_OK) stop

if (NXclosedata (file_id) .NE. NX_OK) stop
if {(debug) print *, ‘Logged name : ‘', NXM_temp_log_name
if (debug) print *, NXM_temp_log_available, ' values available’

if (NXM_temp_log_available.gt.0) then

read temperature values and units

if (N¥opendata (file_id, ‘values') .NE. NX_OK) stop

if (debug) print *, ‘reading temperature values...’

if (NXgetdata (file_id, NXM_temp_log_values) .NE. NX_OK) stop

ATTLEN=14

datatype = NX_CHAR

if (NXgetcharattr (file_id, ‘units’, NXM_temp_log_values_units, ATTLEN, datatype)
if (debug) print *, ‘First temperature value logged : ’, NXM_temp_log_values (1)

read temperature time and units

if (NXopendata (file_id, ‘time’) .NE. NX_OK) stop

if (debug) print *, ‘reading time values...’

if (NXgetdata (file_id, NXM_temp_log_time) .NE. NX_OK) stop
ATTLEN=14

datatype = NX_CHAR

if (NXgetcharattr (file_id, ‘units’, NXM_temp_log_time_units, ATTLEN, datatype) .NE. NX_OK)

1f (debug) print *, 'Logging started at time : ‘, NXM_temp_log_time (1)

end if

CRERREREBERERAREAE close NXlog group QRRRREEERLREREERREE
if (NXclosegroup (file_id) .NE. NX_OK) stop
if {debug) print *, ‘Closing NXlog...’

QRRREAEAREEEERE open NXlog group RRRELEEREREEAREREEREAEQ

if (NXopengroup (file_id, ‘event_log_1l', ’'NXlog’) .NE. NX_OK) stop
if (debug) print *, * -’

if (debug) print *, ‘Opening NXlog...’

read name and available attribute

if (NXopendata (file_id, ‘name’) .NE. NX_OK) stop

if (NXgetchardata (file_id, NXM_event_log_name) .NE. NX_OK) stop
ATTLEN=1

datatype = NX_INT32

if (NXgetattr (file_id, ’available’, NXM_event_log_available, ATTLEN, datatype) .NE. NX_OK) stop

if (NXclosedata (file_id) .NE. NX_OK) stop
if (debug) print *, ’'Logged name : ‘, NXM_event_log_name
if (debug) print *, NXM_event_log_available, ' values available’

if (NXM_event_log_available.gt.0} then

read event values and units

if (NXopendata (file_id, ‘values’) .NE. NX_OK) stop

if (debug) print *, ‘reading event values...’

if (NXgetdata (file_id, NXM_event_log_values)} .NE. NX_OK) stop

ATTLEN=14

datatype = NX_CHAR

if (NXgetcharattr (file_id, ‘units’, NXM_event_log_values_units, ATTLEN, datatype}
if (debug) print *, ‘First event value logged : ', NXM_event_log_values (1)

read event time and units

if (NXopendata (file_id, ‘time’) .NE. NX_OK) stop

if (debug) print *, ‘reading time wvalues...’

if (NXgetdata (file_id, NXM_event_log_time) .NE. NX_OK) stop
ATTLEN=14
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datatype = NX_CHAR

if (NXgetcharattr (file_id, ‘units’, NXM_event_log_time_units, ATTLEN, datatype)

if {(debug) print *, ’‘Logging started at time : ', NXM_event_log_time (1)

end if

QREERRREERERERAEAR close NXlog group QeEereredreeeeaeger
if {(NXclosegroup (file_id) .NE. NX_OK) stop
if (debug) print *, ‘Closing NXlog...’

QRERREERRRREALARE close NXentry group QRREREARAGREEERERR
if (NXclosegroup (file_id) .NE. NX_OK) stop

if (debug) print *, * '

if (debug) print *, ’‘Closing NXentry...’

QREREERRAARRARARERERER close NeXus file GREEREAEGREERRRERAEEA
if (NXclose (file_id) .NE. NX_OK) stop

if (debug) print *, *

if (debug) print *, ’'Closing NeXus file...’

NXMread = 1
END

-NE.

NX_OK)

stop



APPENDIX G: TEST_NEXUS_READER.FOR

program test_nexus_reader
include ‘muon_def.inc’
character*60 fname
integer status, i, j, k, histogram

print *, *

print *, *

print *, ‘Welcome, this is a test program to read ISIS Muon NeXus files’
print *, 'If you have any questions or comments please contact........ ’
print *, ’Damian.Flannery@rl.ac.uk Thank You.'’

pring *, * '

print *, ’'NB, When entering NeXus filename, please input complete '

print *, ’filename in single quotes e.g. '’30000.nxs’’ '’

print *, ' '’

WRITE (*,*) ’'Please Enter Nexus File Name’
READ (*,*) fname

print *, ’

print *, *

status = NXMread (fname)

print *, ‘NeXus file Contents...’

print *,
C NXrun -—-—---—=--— -t e e
print *, ‘Program name : ’,NXM_run_program_name
print *, ’‘Program version : ’,NXM_run_program_version
print *, ’'Run number : ’, NXM_run_number
print *, 'Title : ', NXM_run_title
print *, ’‘Notes : ', NXM_run_notes
print *, ’Start time : ’, NXM_run_start_time
print *, ’'Stop time : ’, NXM_run_stop_time
print *, ‘Duration : ', NXM_run_duration
print *, ’Switching states : ‘', NXM_run_switching_states
C NXUSEr ———— = m - m o oo
print *, ’‘User name : ', NXM_user_name
print *, ’‘Experiment number : ‘', NXM_user_experiment_number
C print user information
do i=1, NXM_user_uif_array_length
print *, ‘user information : ‘', i
print *, Data name : ’, NXM_user_uif_element_name (i)
print *, Data value : ', NXM_user_uif_element_value {1i)
end do
C NXSample - - -~ - oo e o e e
print *, ‘Sample : ', NXM_sample_name
print *, ‘Temperature : ‘', NXM_sample_ temperature,
& ' 7, NXM_sample_temperature_units
print *, ‘Magnetic field : ', NAM_sample_magnetic_field,
& ', NXM_sample_magnetic_field_units
print *, ’‘Shape : ’, NXM_sample_shape
print *, ’'Magnetic field state : ', NXM_sample_magnetic_field_state
if (NXM_sample_mfield_vec_available .NE. 0) then
print *, ’‘Field vector : [’, NXM_sample_mfield_vector(l),
& r, ', NXM_sample_mfield vector(2),
& . ', ', NXM_sample_mfield_vector({3),’']’
print *, ‘Coordinate system : ',NXM_sample_mfield_vector_coord
else
print *, ’‘Magnetic field vector not available’
end if
print *, ‘Sample environment : ’, NXM_sample_environment
c NXInstrument-————- -~ —--cm oo oo -
print *, ’Instrument name : ‘', NXM_instrument_name
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c NXdeteChor -~~~ ———~ - -~ oo
print *, ‘Number of detectors : ', NXM_detector_number
print *, ’'Detector orientation : ‘, NXM_detector_orientation

if (NXM_detector_angles_available.NE.Q) then

print *, ’Position of first detector : [’,NXM_detector_angles(l,1l)
& ', ' ,NXM_detector_angles(2,1),
& ', ' ,NXM_detector_angles(3,1), '}’
print *, ’Coordinate System : ', NXM_detector_angles_coord
print *, ’‘Solid angle of first detector : ’, NXM_detector_angles{4,1)
else
print *, ’‘Detector angles not available’
end if

if (NXM_deadtimes_available.NE.0) then

print *, ‘Deadtimes available in ', NXM_detector_deadtimes_units
do i=1, NXM_detector_number
print *, ’'Deadtime of detector ', i, ’,’ , NXM_detector_deadtimes (i)
end do
else
print *, ’Deadtime information not available’
end if
C NXcollimator-——~-————-=-— oo oo oo
print *, ‘Collimator type : ', NXM_collimator_type
print *, ’'Collimator aperture : ', NXM_collimator_aperture
C NXbeam----=-------------~--"-~—~" -~~~ -
print *, ‘Events : ', NXM_beam_total_counts
print *, ’'Frames : ‘, NXM_beam daereads
print *, ’'DAEreads : ', NXM_beam_frames
c NXdata- - - - wmmmm s momer s i o TS TS S e — = = = = — = —
print *, ‘Number of histograms : ’, NXM_histogram number
print *, ’'Time histogram length : ’, NXM_histogram_length
print *, 'Time zero bin : ‘', NXM_histogram_tO_bin
print *, ‘First good bin : ’, NXM_histogram_first_good_bin
print *, ‘Last good bin : ‘', NXM_histogram_last_good_bin
print *, 'Histogram_resolution : ’, NXM_histogram_resolution,
& " in ' ,NXM_histogram_resolution_units
print *, ’Histogram units : ’, NXM_histogram counts_units
C print grouping information

if (NXM_histogram_grp_available.gt.0) then

print *, ‘Found ’,NXM_histogram_grp_available,’ histogram groups’

do i=1,NXM_histogram_grp_available
print *, 'group ‘, i, 'histograms : ’
do j=1, NXM_histogram_number
if (NXM_histogram_grouping (j) .eq. 1) print *, jJ

end do
end do
end if
C print time_zero information
if (NXM_histogram_t0O_available.gt.0) then
print *, ‘Histogram time_zero : ‘', NXM_histogram_time_zero
print *, ‘Histogram time_zero units : ', NXM_histogram_time_zero_units
end if
C print individual histogram elements, choose histogram to manipulate
histogram = 1
print *, ‘Histogram information - (raw_time, corrected_time, counts)
do 1=50, NXM_histogram_length, 50
print *, ’{(’,NXM_histogram_raw_time (i),
&',' ,NXM_histogram corrected_time(i),’,’,NXM_histogram_counts{i, histogram), ')
end do
C print alpha pairs

if (NXM_histogram_alpha_available.gt.0) then

print *, 'Alpha defined for ’',NXM_histogram_alpha_available,’ pairs’

do i=1, NXM_histogram_alpha_available

print *, ’alpha for group pair ', 1,
& ‘ (groups ',NXM_histogram_alpha(l,i),’ and ',
& NXM_histogram alpha(2,1i)," : 7,
& NXM_histogram_alpha(3, i)
end do
end if
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if (NXM_temp_log_available.gt.l) then
print *, ’
print *, 'Temperature Log - time (seconds), temperature (kelvin)’
do i=1, NXM_temp_log_available

print *, ’(’, NXM_temp_log_time(i),’,’, NXM_temp_log_values(i),’})’
end do
end if
NKIOg----——mm e m e -
if (NXM_event_log_available.gt.0) then
print *, *

print *, ’‘Event Log - time (seconds), events (counts)’
do i=1, NXM_event_log_available
print *, ’'{’, NXM_event_log_time(i), ’',’, NXM_event_log_values(i)
end do
end if

end

ry
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