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1 Introduction 

In this report we describe an improved method for determining the lattice parameters of a 

single-crystal sample using the neutron Laue time-of-flight (TOF) technique.  The new 

method enables the measurement of unit cell lattice parameters with uncertainties in the 

range 0.015 – 0.06%.    The method also improves the location, and integration, of weak 

reflections which are often more difficult to discern amongst the increased background at 

higher neutron energies. 

The method employs two related computer programs, SXDCALIB and SXDMEASURE.  

The first of these is used to calibrate the instrument, and the second used to determine the 

orientation matrix of an unknown sample, using the calibrated instrument parameters.   This 

report describes how to use SXDMEASURE.  SXDCALIB and the calibration procedure will 

be described in a separate report [1]. 

The improved results are achieved by bringing together four important components. 

1. Establishing a reliable physical frame of reference.  This ensures that the calibration sample 
and measured sample are located at the same point in the instrument.  

2. The program SXDMEASURE employs a model of the SXD instrument, which incorporates full 
(8 parameter) description of each detector, the sample position, the  incident beam 
direction and incident flight path. 

3. The programs SXDCALIB & SXDMEASURE correctly propagate uncertainties using a robust 
Monte-Carlo technique.  Thus the final results are calculated with uncertainties calculated 
from both the calibration procedure and the measured sample data. 

4. SXDCALIB & SXDMEASURE enable the user to use the principle of ‘least difference’, in which 
the measurement and calibration are carried out in as similar manner as possible. 

Since all neutron time-of-flight instruments require precise detector calibration for their 

effective use, the method described here will be of use on other instruments where the 

detector positions cannot be determined by other means. 

 

2 The Need for Improved Accuracy 

For all neutron single-crystal experiments there is a need to accurately index reflections and 

reliably extract their intensities.   In many cases there is a need to obtain an accurate 

orientation matrix so that inherently weak reflections can be differentiated from background 
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and accurately integrated.  This is often needed when studying incommensurate structures, 

diffuse scattering, magnetic structures, or following phase transitions or surveying reciprocal 

space.  It is also needed when complex sample environments are used in the experiment 

which may reduce access to reciprocal space and increase the measured background in the t-

o-f spectra. 

 

We have recently demonstrated the possibility of measuring single-crystal structures at 

pressures beyond 12 GPa using the Paris-Edinburgh press [2] on the time-of-flight, neutron-

diffraction instrument SXD. In these experiments it may only be possible to determine the 

sample pressure from the unit cell volume and calculate the pressure from a previously 

determined equation of state. To do this we need to be able to determine the lattice 

parameters of a sample at pressure to a high accuracy and precision in situ on the single-

crystal neutron instrument. For a sample pressure to be determined to a precision of 5% (for a 

sample with a bulk modulus of 24 GPa) cell dimensions must be determined to better than 

0.06%.  This level of accuracy is possible using monochromatic, single crystal diffraction 

instruments, but, to date, Laue time–of–flight (t–o–f) single-crystal instruments have not been 

able to determine lattice parameters to the degree of accuracy required. 

 

The difficulties in performing neutron Laue time-of-flight single-crystal diffraction 

experiments at high pressure are caused by two main factors: the reduced access to reciprocal 

space and increased background in the measured t-o-f spectra. These difficulties are caused 

by the presence of the pressure cell, and these issues have been well described elsewhere 

[2,3] and techniques have been developed to improve the data collection, by increasing 

access to reciprocal space [4,5,6].   In addition to the increased background, the pressure cell 

and gasket material may also introduce powder diffraction lines in the time-of flight spectra. 

With the presence of the increased background and powder lines it can be difficult to locate 

weak reflections, or determine which features in the spectra are from the sample and which 

are from the sample environment. With improved collimation these problems can be reduced 

[2], but the background is still higher than would be desirable. 

 

We therefore concluded that in more complex single-crystal experiments as described above 

where weak reflections are present within the intrinsic background or more accurate 

determination of orientation matrices are required it is vital to make the maximum use of the 

limited information available by establishing the incoming and diffracted neutron trajectories 

precisely along with the recorded time–of–flight. This required a complete understanding of 

the instrument collimation and detector geometry, which has been established through the 

construction of a complete mathematical model of the instrument, and its calibration by 

careful measurements. 

 

3 The SXD Instrument and Software 

The SXD instrument and t-o-f Laue technique has been well described elsewhere [7,8].   The 

SXD instrument (shown schematically in figure 1) is positioned 8.3 m from a Gd-poisoned 

ambient-temperature water moderator on Target Station One of ISIS. The sample position is 

surrounded by 11 ZnS scintillator detectors each with an array of 64x64 3 mm wide square 

pixels. The t-o-f Laue method means that a large number of reflections can simultaneously 

satisfy the diffraction condition, and hence a large volume of reciprocal space can be 

observed with a limited number of sample orientations. 
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Figure1: Schematic of the SXD instrument. The neutrons leave the target and are energy shifted by the water moderator, the 

size of the beam impinging on the sample position is defined by the adjustable BN jaws. The sample position is surrounded 

by 11 detectors; six in the equatorial plane and 5 below maximising the volume of reciprocal space it is possible to measure 

with one sample orientation. The frame which supports the detectors is shown in more detail in figure 2. Using the ISIS in 

house software (SXD2001) the centre of each detector is is defined by angles from the incident beam direction known as 

gamma in the horizontal plane and nuM in the vertical plane. 

 

In house ISIS software known as SXD2001 has been written using IDL language. This 

software has an idealised starting model of the SXD instrument. The Laue t-o-f spectra are 

first searched as to find reflections from the sample. Reflections are located using a search 

algorithm and the centre-of-mass positions of these reflections on the detector surface (i.e. 

2D pixel coordinates), and in time (within the t-o-f spectrum) are determined. These values 

are used to obtain an initial orientation matrix with corresponding lattice parameters. This 

orientation matrix, lattice parameters, sample position and instrument parameters are then 

refined using a least squares routine. This can mean that for each sample orientation up to 42 

parameters are refined across the six equatorial detectors (D1-D6) used for high pressure 

measurements. The determined parameters are then used to index all observed reflections. It 

is then possible to integrate each reflection correcting for wavelength effects and detector 

efficiencies and providing a F
2
, and position in x, z and t-o-f for each observed reflection 

which fits the determined orientation matrix in a given hkl tolerance.  

The SXD2001 software writes a file containing this information, which may be then used by 

SXDMEASURE to obtain the final values of the crystal lattice parameters, and orientation. 

 

 

 

4 The SXD Frame of Reference 

A prerequisite for establishing a reliable model of the SXD instrument is a suitable frame of 

reference.  Such a frame should permit the sample to be placed reproducibly at the same 

location, and enable a set of axes to be defined.  To this end we have used the mechanical 

frame of SXD and specialised sample mounting equipment described earlier [2,3] .  
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This frame of reference is shown schematically in Fig.2, and the method described here 

assumes that the relative positions and orientations of all the detectors, and the sample 

position are fixed by the SXD frame (‘A’ in Fig.2).  

The fundamental point of reference is the top ring that holds the sample mount in a fixed 

reproducible position and orientation with respect to the frame (labeled I).  By rotation 

around this ring, we define an axis, and the reproducible sample position is defined as the 

point on that axis that is 300 mm below the ring (labeled C). This position is the origin of the 

X, Y and Z axes. The rotation axis is defined as the Z axis. 

Fiducial marks in a top plate set in the support ring define a direction (labeled I), and the X 

axis is a direction parallel to that and passing through the reference sample position.  

The reference frame is completely defined by its origin, and two axese (Z, X), Y being such 

as to form a right handed set of axes with a vertical Z axis and X increasing in the neutron 

beam direction.  

It is very important to note that this frame of reference described above (the ‘Edinburgh 

frame’) is different to that used in SXD2001.  The Edinburgh frame is right-handed, while 

that used by SXD2001 is a left-handed set, with ‘y’ along the beam, ‘z’ vertically and ‘x’ 

pointing towards detector No. 2. 
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Figure 2 Top: Frame of reference defining the Z direction. Bottom: Frame of reference defining the X and Y 

direction. (A) Frame of SXD upon which are mounted the detectors and the CCR is mounted, (B) Upon the SXD 

frame are two dowel pins labeled B into which are located the tank of our CCR, (C) From a datum point which is 

the surface labeled C a position 300 mm below this is defined as the sample position D, (D) The sample position is 

300mm below Datum C and a perpendicular line from surface C defines the Z direction of the frame of reference, 

(E) The suggested incident beam direction of SXD, (F) Jaws defining SXD beam size, (G) Kinematic mounts 

defining the SXD frame relative to the moderator, (H) Rotation Mechanism which rotates the crystal around the 

origin of our axis, (I) Pins used to define X direction The x-direction is defined to pass through a line which can be 

drawn through these two points. The Y direction is defined as being perpendicular to this direction on a plane 

which is parallel to that defined by the datum surface labeled C and (J) additional beam defining collimation. 

 

5 The Mathematical Model of SXD 

The current SXDMEASURE model of the SXD instrument defines the position of each of the 

4096 pixel positions of each of the 6 SXD equatorial detectors. (An extension of the model to 

include all 11 detectors is planned.)  To do this we first define the pixel position within each 

detector’s coordinate system, and then calculate this position in the instrument coordinate 

system. 

Fig.3 illustrates a single detector with its coordinate system (shown in red), and the 

instrument coordinate system (shown in blue).  The ‘y’ axis is defined to be perpendicular to 

the ‘xz’ plane: the ‘x’ and ‘z’ directions having been defined above (§ 4).  

Each detector is modelled as a planar object consisting of regularly placed pixels lying on a 

square 64x64 array.  The numbering conventions used to define the pixel positions on the 

detector x-z plane is shown in Fig.3 where the detector is viewed from the back.  Pixel, row 

and column  numbers start from the bottom left, and pixel numbers (which run from 1 – 

4096) increase up each column in turn.  

Thus, the pixel number (k) for a pixel in row irow and column icol is: 

   k = irow + 64 (icol -1) 

We define the distance between pixels as px, pz  and the centre of the detector has detector 

coordinates of (0, 0).   Thus in the detector coordinates a pixel at position (icol, irow) will lie at: 

   xd = (icol-32.5) px 

   zd= (irow-32.5) pz 
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Figure 3: Detector 5 showing the pixel positions within the detector coordinate system (red) and the instrument coordinate 

system (blue). The location of each detector within the instrument frame of reference is described by 6 coordinates: the 

centre position (xd, yd, zd). and its orientation (x,y, z). The starting position of the detector is with its centre at (0,0) (in the 

instrument coordinates), with the detector x and z axes coincident with those of the instrument frame.  The orientation is 

such that the front of the detector faces the positive y direction. Hence pixel 1 has negative x and z values.  The detector 

reaches its final position by first rotating through an angle of  x (about the x axis), then y (about y axis) and finally rotating 

by z about the z axis. The detector centre is then moved to the location (xd, yd, zd).   

To determine the position of each pixel in the instrument coordinates, the detector must be 

moved to its correct position in space. Each detector has 6 coordinates: three defining the 

centre of the detector (xd, yd, zd), and three rotation angles (x, y, z), permitting the detector 

to occupy any position in space.   

The starting position of the detector is with its centre at (0,0) (in the instrument coordinates),  

with the detector x and z axes coincident with those of the instrument frame.  The orientation 

is such that the front of the detector faces the positive y direction. Hence pixel 1 has negative 

x and z values. 

The detector reaches its final position by first rotating through an angle of  x (about the x 

axis), then y (about y axis) and finally rotating by z about the z axis. The detector centre is 

then moved to the location (xd, yd, zd).   

Thus the detector shown in Fig.3 is an idealised detector 5, with x = y = z = 0,  and the 

detector centre lying at the instrument coordinates (xd, yd, zd).  Thus in this simplified case the  

instrument coordinates the pixel (icol, irow) will lie at: 

   x = (icol-32.5) px + xd 

   y = yd 

   z = (irow-32.5) pz + zd 

irow 
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Since all the detectors calibrated in the current work are nominally vertical and lie in the 

equatorial plane the values of yd,  x and y  will be small. 

The other parameters in the model of the instrument include the primary flight path L0 (from 

the moderator to the sample), the direction cosines of the incident neutron beam to the x-axis 

(αn, n), the position of the sample (xs, ys, zs), and the orientation of the single crystal (c, c, 

c), and its lattice parameters (a,b,c,α,β,γ).  Thus the model includes a potential maximum of 

63 parameters, compared to 42 for the existing description of the SXD instrument.  ( It should 

be noted that some of the 63 parameters are correlated, and in SXDMEASURE only the 

sample parameters (position, orientation & lattice parameters - a maximum of 12) are varied.  

The way in which the correlation issues are dealt with is described in the report on 

SXDCALIB [1].) 

 

 

6 Using the SXDMEASURE software to determine unknown lattice parameters 

The two programs, SXDCALIB and SXDMEASURE, are written in FORTRAN77.  They 

differ only in the format of their input and output, and have been developed from a common, 

core least squares program.    

The first program SXDCALIB is used to calibrate the instrument using a known reference 

material.  The second program SXDMEASURE uses the instrument parameters determined 

by SXDCALIB to measure the lattice parameters and orientation of the sample with 

unknown parameters. 

In this manual we assume that the instrument has already been calibrated, and a parameter 

file is available with the calibrated instrument parameters.   

To run the program SXDMEASURE you will need two data files: 

a) A ‘parameter file’ which contains all the information relating to the instrument, its 

calibration, and how you want to run the program. 

b) An SXD data file created from the SXD2001 software containing the estimated UB 

matrix and list of reflection coordinates of the sample under study.  The file should 

have a name of the type ‘SXD123456_13D.dat’.   Such a file contains data for the 

peak positions calculated by two different methods (3D and USE) and 

SXDMEASURE is able to read both sets of data. It also copes with the entries for 

‘unobserved’ reflections, which are ignored. 

To set up the parameter file follow the example shown in Appendix 1:  a refinement of NaCl 

data.  The file may be edited using the Microsoft NOTEPAD programme, but remember to 

save the file with the extension ‘.dat’.  The data in this file are in ‘free format’ – data are 

simply separated by spaces or tabs. 

The principle of ‘least difference’ when making measurements should be followed when 

using the SXDCALIB/MEASURE software.    

The first, and obvious requirement is to locate the sample to be measured accurately at the 

centre of the coordinate system.  (If this is not possible the location of the sample may be 

refined, but this will lead to greater uncertainty in the final result.) 

The second aspect is that the reflection data type (USE or 3D) supplied by the SXD2001 

software must be chosen to match that used in the calibration.  At present the SXD 
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calibration has been made using ‘3D’ data, so this type must be used when using 

SXDMEASURE. 

Finally it has been observed that the measured lattice parameters can be systematically 

affected by the choice of wavelength range used.  Thus the SXDMEASURE software enables 

the user to specify the average time-of-flight used in the calibration procedure, and the list of 

measured reflections is adjusted until a similar ‘mean t-o-f’ is achieved.  

The format of the parameter file is as follows: 

 

Line Data 

Type* 

Number 

of data 

on line 

Description 

1 C 80 A title which is printed as the first line of the output file. (limit 

80 characters) 

2 C 80 The filename of the output file to be created.  It should have the 

extension “.dat”. 

3 C 80 The filename of the SXD data to be used in the refinement (eg. 

‘…\SXD123456_13D.dat’  

4 I 11 The detectors to be included in the refinement.  This is in the 

form of 11 integers, where 1 = include the detector ,  0 = do not 

include the detector.  

(Note, at present the program is restricted to detector numbers 

1 – 6, and thus the last 5 values are ignored.  At some point in 

the future all detectors will be included in the calibration 

procedure.) 

5 R 1 A parameter (UNCERT_XZ_LIMIT) that determines the 

reflections to be included from the SXD data based on their 

positional uncertainties (as determined by the ‘3D’ 

calculation).  At present it is recommended that  

UNCERT_XZ_LIMIT  = 2.0 pixels. 

Any reflections having an uncertainty in their ‘x’ or ‘z’ 

position that exceeds the value of   UNCERT_XZ_LIMIT  will 

be ignored in the subsequent refinement. 

6 R 1 The value of the average time-of-flight (TOF_MEAN ) of the 

reflections used in the calibration procedure.  This value, like 

the positions of the detectors, is supplied by the programme 

SXDCALIB. 

7 C 80 A character string that is either “3D” or “USE”.  This selects 

the data type to be extracted from the SXD data file.  If the 

calibration was performed with “3D” data it is important that 

SXDMEASURE is run with the same type of data. 

8 I 3 Three integers IAXIS for (x, y, z) each of which are +/-1.  

These may be used to reverse the crystal orientation given by 

the UB matrix.   It has been found that the crystal orientation 
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given by the UB matrix does not always agree with the 

automatic {h,k,l} indexing assignments.  By setting a value of 

IAXIS = -1 the corresponding axis is reversed. 

9 I 1 An integer (NSIM between 0 and 99) which controls the 

number of simulation runs to be performed in calculating the 

uncertainties on the refined parameters.  If users are setting up 

the programme for the first time it is useful to set NSIM=0 to 

check that the data files are set up correctly.  With NSIM=0 a 

single least squares refinement will be performed which 

calculates the values of the refined parameters, but make no 

calculation of their errors.  

To calculate the errors NSIM should be set >20.   In this case 

the whole refinement process is run NSIM times, each time 

with data ‘dressed’ with appropriate errors.  From the NSIM 

values of each parameter thus obtained a good estimate of the 

parameter’s uncertainty can be obtained. 

10 I 1 An integer (NSYM) representing the symmetry of the crystal 

being refined.  At present 3 crystal classes are supported:  

NSYM = 1 (cubic) 

NSYM = 2 (tetragonal) 

NSYM = 3 (monoclinic) 

11 I 1 NPAR - The number of parameters (currently =63) 

12 

13 

14 

R,I,R 1,1,1 i, IREFi, UNCERTI [ i = 1,2, or 3] 

 i  is a crystal orientation parameter used within 

SXDMEASURE.  The values of i, are obtained automatically 

from the UB matrix, but a (arbitrary) value should be supplied. 

IREFi  is an integer specifying if this parameter is to be varied 

in the refinement (1= refine, 0=fixed).  Generally the crystal 

orientation is refined and so IREFi should be set =1 (see 

appendix 1) 

UNCERTi is the value of the uncertainty in 1 .   When i  is 

being varied set UNCERTi=0, Otherwise input an appropriate 

value. 

15 

16 

17 

18 

19 

20 

R,I,R 1,1,1 Lines 15 -20 supply the 6 initial values of the lattice parameters 

(a, b, c, , , ) for the refinement, their refinement indicators 

and uncertainties. Each line has the format: 

a , IREFa,  UNCERTa 

a is the lattice parameter 

IREFa is an integer specifying if ‘a’ is to be varied in the 

refinement (1= refine, 0=fixed). 

UNCERTa  is the value of the uncertainty in ‘a’.   UNCERTa is 

only used if ‘a’ is a fixed parameter.  Thus when ‘a’  is being 
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varied set UNCERTa=0, otherwise input an appropriate value. 

NOTE:   

a) when NSYM=1 only the ‘a’ parameter (15) need be set since 
the program sets b=a and c=a for the cubic system 

b) when NSYM =2 only the ‘a’ and ‘c’ parameters (15,17) need 
be set since the program sets b=a for a tetragonal system 

c) when NSYM =3 set the ‘a’ , ‘b’ , ‘c’, and  parameters 
(15,16,17,19)  

The inclusion of the full set of 6 lattice parameters is to 

facilitate future upgrades to the program. 

 

21 - 

74 

R,I,R 1,1,1 The remaining parameters of the SXD instrument.  Since the 

instrument has been calibrated use the figures supplied in 

appendix 1 (or by the instrument scientist if a re-calibration  

has taken place.) 

 * FORTRAN types   C = character, R = real, I = integer 

 

7  Running SXDMEASURE 

To run SXDMEASURE you will have to use a command dialogue window, which can be 

initiated on a PC using the Start button at the bottom left of the screen.  Select the option 

‘Run’ and in the text line provided type ‘cmd’.   This will set up the command dialogue 

window.  Initiate the programme by typing: 

  >c:\location\SXDMEASUREv3_0 

where c:\location\  gives the location of the program on the computer being used. 

The prompt ‘type in parameter filename’ will appear – and the file name of the parameter file 

should be entered, starting with the disk identifier  (e.g. c:\user data\parameter_file_123.dat). 

 

8  SXDMEASURE Output files 

On the second line of the parameter file the user supplies the name (\...\outfilename.dat) of 

the main output file to be created.  In fact 3 output files are created using this name as a basis.  

The three files are: 

File 1:   ‘outfilename.dat’ 

File 2:  ‘outfilename_3D.dat’  or ‘outfilename_USE.dat’, depending upon whether USE or 

3D data is selected. (Since  SXD is currently calibrated using 3D data, the 3D 

option should always be chosen). 

File 3:  ‘outfilename_A.dat 

File 4:  ‘outfilename_B.dat 

 

File 1 
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Line contents 

1 The title supplied in the input file 

2 The symmetry indicator chosen 

3 Final   2 

4 -6 UB matrix in Edinburgh coordinates. 

7 - 9 UB matrix in SXD coordinates. 

10 - 15 The 6 lattice parameters in the form: 

Parameter#, refinement flag, value of parameter increment, value of 

parameter at the start, final value of parameter after refinement, uncertainty 

of final parameter 

An example of File 1 is given in Appendix 2 

 

File 2   

This file is the data extracted from the SXD data file given by the user at line 3 of the 

parameter file.  It consists of: 

 

1 The values of the UB matrix read from the SXD data file 

2: The number of data to follow (ndat) 

3 to ndat+2: detector#, h, k, l, x, z, t, errx, errz, errt 

 

Notes. (a) The UB matrix shown in File 1 has the negative c* components of those given in 

the SXD data file because the SXD raw data uses a left-handed coordinate system.  

 (b) File 1 contains only a subset of the data in the SXD file, since data with high 

errors are filtered out, and the data set is adjusted to match the average time-of-flight of the 

calibration procedure. 

 

File 3 

This is the main log file providing the results of the refinement, and an example is given in 

Appendix 3. 

 

Line contents 

1 The title supplied in the input file 

2 The number of detectors refined, and the detectors chosen (1=used, 

0=unused) 

3  The symmetry indicator chosen 

4 a*   b*  c*   

5,6,7 The UB matrix in ‘Edinburgh coordinates’ (rather than those used by SXD 
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software) 

8  The value of  ‘’ calculated from the UB matrix   

9 No. of data to be refined 

10 Total number of data    

11,12,13 UB matrix at start of refinement 

14 2 at start of refinement 

15,16,17 UB matrix at start of refinement 

18 2 at end of refinement 

19,20,21 UB matrix at end of refinement 

22 + n*3 2 at start of refinement 

15,16,17 +n*3 UB matrix at start of refinement 

18 +n*3 2 at end of refinement 

19,20,21+n*3 UB matrix at end of refinement 

For n= 1 to nsim (the number of simulation runs) 

 

22+nsim*3+m Parameter#, refinement flag, final step size in refinement, value of 

parameter at the start, final value of parameter after refinement, uncertainty 

of final parameter 

For m= 1 to npar (the number of parameters) 

 

 

File 4   

This file repeats the data supplied from the data input file (h, k, l, detector#, xobs, zobs, tobs) and 

adds the values of the differences between this data and that calculated by SXDMEASURE. 

Thus  x = xobs-xcalc , z = zobs-zcalc,   t = (tobs-tcalc)/tobs.   (Note that t displayed as a ratio.) 

A final line supplies the mean of x,z,t and the standard deviation of x,z,t. 

 

1 to ndat detector#, h, k, l, xobs, zobs, tobs, x, z, t 

ndat+1  <x > ,   x ,  <z >  , z ,  <t > ,   t     
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SXDCALIBv3_0 23660NaCl 3D from sxdaa3d tofadj ED axes! 

d:\michael\ftn\sxref\sxgenref175.dat 

d:\michael\ftn\sxref\sxd23660_13D.dat 

  1  1  1  1  1   1  0  0  0  0   0  detector refinement parameters 

 2.0  ! limit to uncertainty on x,z coord (Pixels) 

 2613.0  ! Average TOF 

 3D  ! choice of data type 

 0   ! number of simulation runs 

 1  ! nsymm value: 1= cubic,2=tetragonal, other=monoclinic 

 63   ! number of instrument parameters  

 1.57080  1 0.0 ! alpha angle of crystal 

       -0.346  1 0.0 ! beta angle of crystal  

        1.57  1 0.0 ! gamma angle of crystal 

        5.64  1 0.0 ! a lattice parameter  

 5.64  0 0.0 ! b lattice parameter 

 5.64  0 0.0 ! c lattice parameter 

       90.0  0 0.0 ! alpha lattice angle  

       90.0  0 0.0 ! beta  lattice angle (USED in monoclinic SXDCALIB) 

       90.0  0 0.0 ! gamma lattice angle  

 0.0  0 0.1 ! crystal x posn (rotatted from run 22 posn) 

        0.0  0 0.1 ! crystal y posn 

 0.0  0 0.1 ! crystal z posn 

     8297.317  0 0.6 ! L0 - the primary flight path 

       0.00043  0 0.00002 ! y component of beam direction cosine 

       -0.000304  0 0.0004 ! z component of beam direction cosine  

     -176.128  0 0.15 !x posn of det 1   

      139.425  0 0.14 !y posn of det 1 

       -0.727  0 0.1 !z posn of det 1  

  0.016114 0 0.0030 ! alpha angle of det 1 

        0.0023  0 0.001 ! beta angle of det 1  

  4.052222 0 0.0025 ! gama angle of det 1 

  3.0  0 0.001 ! delx value for det 1 

  3.0  0 0.001 ! delz value for det 1 

       -1.413  0 0.0076 !x posn of det 2   

      226.521  0 0.205 !y posn of det 2 

       -0.133  0 0.10 !z posn of det 2   

  0.007289 0 0.004 ! alpha angle of det 2 

        0.00038  0 0.0013 ! beta angle of det 2  

  3.105076 0 0.048 ! gama angle of det 2 

  3.0  0 0.001 ! delx value for det 2 

  3.0  0 0.001 ! delz value for det 2 

      178.151  0 0.23 !x posn of det 3 

      138.489  0 0.17 !y posn of det 3 

       -0.505  0 0.1 !z posn of det 3  

  0.018702 0 0.0033 ! alpha angle of det 3 

        0.00383  0 0.002 ! beta angle of det 3 

   2.232185 0 0.0036 ! gama angle of det 3 

   3.0  0 0.001 ! delx value for det 3 

   3.0  0 0.001 ! dely value for det 3 

      177.292  0 0.198 !x posn of det 4 

     -138.789  0 0.185 !y posn of det 4 

       -2.040  0 0.1 !z posn of det 4  

  0.003365 0 0.0039 ! alpha angle of det 4 

       -0.0027  0 0.0017 ! beta angle of det 4 

   0.895111 0 0.0031 ! gama angle of det 4 

  3.0  0 0.001 ! delx value for det 4 

   3.0  0 0.001 ! dely value for det 4 

       -3.124  0 0.136 !x posn of det 5 

     -225.213608 0 0.226 !y posn of det 5 

       -1.388  0 0.1 !z posn of det 5   

  0.019035 0 0.0050 ! alpha angle of det 5 

       -0.00318  0 0.00095 ! beta angle of det 5 

        0.002818  0 0.0031 ! gama angle of det 5 

   3.0  0 0.001 ! delx value for det 5 

   3.0  0 0.001 ! dely value for det 5 

     -177.953  0 0.20 !x posn of det 6 

     -138.139  0 0.133 !y posn of det 6 

       -2.025  0 0.1 !z posn of det 6 -fixed sx equ line  

  0.012669 0 0.0036 ! alpha angle of det 6 

       -0.00926  0 0.001 ! beta angle of det 6 

       -0.909815  0 0.0027 ! gama angle of det 6 

  3.0  0 0.001 ! delx value for det 6 

  3.0  0 0.001 ! dely value for det 6 
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   SXDMEASUREv3_6H 23660NaCl 
    Symmetry indicator =    1 
  
 final CHi2 =      2.16163 
  
    4    1    5.640000     5.640629     0.000677 
  
    5    0     5.640000     5.640629     0.000677 
  
    6    0     5.640000     5.640629     0.000677 
  
    7    0     90.000000    90.000000     0.000000 
  
    8    0     90.000000    90.000000     0.000000 
  
    9    0     90.000000    90.000000     0.000000
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    SXDCALIBv3_2 23660NaCl 3D from sxdaa3d tofadj ED axes!                          

    No. det refined=   6det are:  1  1  1  1  1  1  0  0  0  0  0 

 

    Symmetry indicator =    1 

 

     

  a*  b*  c* are:  

  0.17719606      0.17717759      0.17710079     

     

   

 a*, b*, c* components in Edinburgh coord 

   

  -0.0598  -0.1668   0.0004 

  -0.1666   0.0597  -0.0085 

   0.0078  -0.0032  -0.1769 

  calcualted beta =   89.993713     

  No. of data to be refined:            91 

  Total No. of data:            91 

  values at start of chi2 

 

   astar =    -0.0598   -0.1669    0.0004 

   bstar =    -0.1667    0.0597   -0.0085 

   cstar =     0.0079   -0.0032   -0.1771 

 

  firrst chi2    11.354279     

 

   astar =    -0.0598   -0.1669    0.0004 

   bstar =    -0.1667    0.0597   -0.0085 

   cstar =     0.0079   -0.0032   -0.1771 

 

  final chi2  =    2.1400778     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0088 

   cstar =     0.0081   -0.0033   -0.1771 

 

  firrst chi2    127.06380     

 

   astar =    -0.0579   -0.1678    0.0005 

   bstar =    -0.1676    0.0578   -0.0090 

   cstar =     0.0083   -0.0034   -0.1772 

 

  final chi2  =    3.3087034     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0087 

   cstar =     0.0081   -0.0033   -0.1771 

 

  firrst chi2    19.532818     

 

   astar =    -0.0601   -0.1673    0.0004 

   bstar =    -0.1671    0.0600   -0.0084 

   cstar =     0.0078   -0.0032   -0.1776 

 

  final chi2  =    3.4141021     

 

   astar =    -0.0594   -0.1670    0.0004 
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   bstar =    -0.1668    0.0593   -0.0088 

   cstar =     0.0082   -0.0034   -0.1771 

 

  firrst chi2    6.1616149     

 

   astar =    -0.0596   -0.1671    0.0004 

   bstar =    -0.1670    0.0595   -0.0084 

   cstar =     0.0078   -0.0032   -0.1773 

 

  final chi2  =    4.0133848     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0087 

   cstar =     0.0081   -0.0033   -0.1771 

 

  firrst chi2    23.752195     

 

   astar =    -0.0591   -0.1672    0.0004 

   bstar =    -0.1671    0.0590   -0.0079 

   cstar =     0.0073   -0.0030   -0.1772 

 

  final chi2  =    6.2197332     

 

   astar =    -0.0594   -0.1670    0.0005 

   bstar =    -0.1668    0.0594   -0.0087 

   cstar =     0.0081   -0.0034   -0.1771 

 

  firrst chi2    124.12920     

 

   astar =    -0.0607   -0.1662    0.0003 

   bstar =    -0.1660    0.0606   -0.0077 

   cstar =     0.0071   -0.0030   -0.1768 

 

  final chi2  =    2.7501884     

 

   astar =    -0.0594   -0.1671    0.0004 

   bstar =    -0.1669    0.0593   -0.0086 

   cstar =     0.0080   -0.0032   -0.1771 

 

  firrst chi2    68.059067     

 

   astar =    -0.0600   -0.1667    0.0003 

   bstar =    -0.1666    0.0599   -0.0070 

   cstar =     0.0065   -0.0027   -0.1770 

 

  final chi2  =    5.1091118     

 

   astar =    -0.0594   -0.1671    0.0004 

   bstar =    -0.1669    0.0593   -0.0087 

   cstar =     0.0081   -0.0033   -0.1771 

 

  firrst chi2    69.015007     

 

   astar =    -0.0586   -0.1674    0.0004 

   bstar =    -0.1673    0.0585   -0.0072 

   cstar =     0.0066   -0.0027   -0.1772 

 

  final chi2  =    3.0228691     
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   astar =    -0.0594   -0.1671    0.0004 

   bstar =    -0.1669    0.0593   -0.0088 

   cstar =     0.0081   -0.0033   -0.1771 

 

  firrst chi2    6.9875345     

 

   astar =    -0.0595   -0.1670    0.0005 

   bstar =    -0.1668    0.0593   -0.0092 

   cstar =     0.0085   -0.0035   -0.1770 

 

  final chi2  =    4.9038396     

 

   astar =    -0.0594   -0.1670    0.0005 

   bstar =    -0.1668    0.0593   -0.0089 

   cstar =     0.0082   -0.0034   -0.1771 

 

  firrst chi2    54.301285     

 

   astar =    -0.0604   -0.1666    0.0004 

   bstar =    -0.1663    0.0603   -0.0093 

   cstar =     0.0086   -0.0036   -0.1769 

 

  final chi2  =    3.3624756     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0089 

   cstar =     0.0082   -0.0033   -0.1771 

 

  firrst chi2    23.540159     

 

   astar =    -0.0594   -0.1671    0.0003 

   bstar =    -0.1669    0.0593   -0.0076 

   cstar =     0.0071   -0.0029   -0.1772 

 

  final chi2  =    4.7212992     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0088 

   cstar =     0.0081   -0.0033   -0.1771 

 

  firrst chi2    152.62856     

 

   astar =    -0.0577   -0.1674    0.0005 

   bstar =    -0.1672    0.0576   -0.0099 

   cstar =     0.0091   -0.0037   -0.1768 

 

  final chi2  =    3.4946439     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0594   -0.0088 

   cstar =     0.0082   -0.0033   -0.1770 

 

  firrst chi2    116.23050     

 

   astar =    -0.0581   -0.1677    0.0006 

   bstar =    -0.1675    0.0580   -0.0096 

   cstar =     0.0089   -0.0037   -0.1772 
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  final chi2  =    5.0478816     

 

   astar =    -0.0595   -0.1670    0.0005 

   bstar =    -0.1668    0.0594   -0.0088 

   cstar =     0.0081   -0.0034   -0.1771 

 

  firrst chi2    143.49075     

 

   astar =    -0.0577   -0.1677    0.0005 

   bstar =    -0.1675    0.0576   -0.0091 

   cstar =     0.0084   -0.0034   -0.1771 

 

  final chi2  =    4.2038593     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0088 

   cstar =     0.0081   -0.0034   -0.1771 

 

  firrst chi2    29.294678     

 

   astar =    -0.0592   -0.1672    0.0005 

   bstar =    -0.1669    0.0591   -0.0101 

   cstar =     0.0093   -0.0038   -0.1771 

 

  final chi2  =    3.9222581     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0088 

   cstar =     0.0081   -0.0033   -0.1771 

 

  firrst chi2    79.598801     

 

   astar =    -0.0608   -0.1670    0.0004 

   bstar =    -0.1668    0.0607   -0.0087 

   cstar =     0.0081   -0.0034   -0.1775 

 

  final chi2  =    4.8225822     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0088 

   cstar =     0.0082   -0.0034   -0.1770 

 

  firrst chi2    26.583441     

 

   astar =    -0.0597   -0.1667    0.0003 

   bstar =    -0.1666    0.0597   -0.0077 

   cstar =     0.0072   -0.0029   -0.1769 

 

  final chi2  =    3.4474051     

 

   astar =    -0.0594   -0.1671    0.0003 

   bstar =    -0.1669    0.0593   -0.0087 

   cstar =     0.0081   -0.0032   -0.1771 

 

  firrst chi2    6.8372583     

 

   astar =    -0.0596   -0.1670    0.0005 

   bstar =    -0.1668    0.0595   -0.0085 
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   cstar =     0.0079   -0.0033   -0.1771 

 

  final chi2  =    4.3379765     

 

   astar =    -0.0594   -0.1671    0.0005 

   bstar =    -0.1669    0.0593   -0.0086 

   cstar =     0.0080   -0.0033   -0.1771 

 

  firrst chi2    47.559795     

 

   astar =    -0.0600   -0.1671    0.0005 

   bstar =    -0.1668    0.0599   -0.0102 

   cstar =     0.0094   -0.0039   -0.1772 

 

  final chi2  =    5.4199152     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0087 

   cstar =     0.0081   -0.0033   -0.1770 

 

  firrst chi2    66.193947     

 

   astar =    -0.0582   -0.1671    0.0004 

   bstar =    -0.1669    0.0581   -0.0083 

   cstar =     0.0077   -0.0031   -0.1767 

 

  final chi2  =    4.0416470     

 

   astar =    -0.0595   -0.1671    0.0004 

   bstar =    -0.1669    0.0594   -0.0088 

   cstar =     0.0081   -0.0034   -0.1771 

 

  firrst chi2    29.451612     

 

   astar =    -0.0601   -0.1669    0.0004 

   bstar =    -0.1668    0.0600   -0.0080 

   cstar =     0.0074   -0.0031   -0.1772 

 

  final chi2  =    3.3705895     

 

   astar =    -0.0595   -0.1671    0.0004 

   bstar =    -0.1669    0.0594   -0.0088 

   cstar =     0.0081   -0.0033   -0.1771 

 

  firrst chi2    107.57905     

 

   astar =    -0.0607   -0.1666    0.0003 

   bstar =    -0.1664    0.0606   -0.0076 

   cstar =     0.0070   -0.0029   -0.1771 

 

  final chi2  =    4.1573138     

 

   astar =    -0.0594   -0.1670    0.0005 

   bstar =    -0.1668    0.0593   -0.0088 

   cstar =     0.0082   -0.0034   -0.1770 

 

  firrst chi2    21.015249     
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   astar =    -0.0589   -0.1671    0.0005 

   bstar =    -0.1669    0.0588   -0.0093 

   cstar =     0.0086   -0.0035   -0.1769 

 

  final chi2  =    2.6902800     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0087 

   cstar =     0.0081   -0.0033   -0.1770 

 

  firrst chi2    363.21759     

 

   astar =    -0.0622   -0.1660    0.0003 

   bstar =    -0.1658    0.0621   -0.0086 

   cstar =     0.0080   -0.0033   -0.1771 

 

  final chi2  =    3.5786219     

 

   astar =    -0.0594   -0.1670    0.0003 

   bstar =    -0.1668    0.0593   -0.0087 

   cstar =     0.0081   -0.0032   -0.1771 

 

  firrst chi2    41.831234     

 

   astar =    -0.0597   -0.1673    0.0005 

   bstar =    -0.1670    0.0595   -0.0105 

   cstar =     0.0098   -0.0040   -0.1773 

 

  final chi2  =    3.9371703     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0089 

   cstar =     0.0083   -0.0034   -0.1770 

 

  firrst chi2    26.077900     

 

   astar =    -0.0600   -0.1667    0.0004 

   bstar =    -0.1665    0.0599   -0.0093 

   cstar =     0.0086   -0.0035   -0.1769 

 

  final chi2  =    3.3932033     

 

   astar =    -0.0594   -0.1670    0.0003 

   bstar =    -0.1668    0.0593   -0.0087 

   cstar =     0.0081   -0.0033   -0.1770 

 

  firrst chi2    39.574444     

 

   astar =    -0.0603   -0.1667    0.0004 

   bstar =    -0.1665    0.0602   -0.0085 

   cstar =     0.0079   -0.0033   -0.1771 

 

  final chi2  =    2.9443626     

 

   astar =    -0.0595   -0.1671    0.0004 

   bstar =    -0.1669    0.0594   -0.0087 

   cstar =     0.0081   -0.0033   -0.1771 

 



Appendix 3 

   

22 

  firrst chi2    6.6378865     

 

   astar =    -0.0593   -0.1669    0.0004 

   bstar =    -0.1667    0.0592   -0.0084 

   cstar =     0.0078   -0.0032   -0.1769 

 

  final chi2  =    3.3329611     

 

   astar =    -0.0594   -0.1670    0.0005 

   bstar =    -0.1668    0.0593   -0.0089 

   cstar =     0.0082   -0.0034   -0.1770 

 

  firrst chi2    7.2143660     

 

   astar =    -0.0592   -0.1670    0.0005 

   bstar =    -0.1668    0.0591   -0.0092 

   cstar =     0.0086   -0.0035   -0.1769 

 

  final chi2  =    4.0500970     

 

   astar =    -0.0594   -0.1671    0.0005 

   bstar =    -0.1669    0.0593   -0.0089 

   cstar =     0.0082   -0.0034   -0.1771 

 

  firrst chi2    7.1925988     

 

   astar =    -0.0597   -0.1671    0.0003 

   bstar =    -0.1669    0.0596   -0.0085 

   cstar =     0.0079   -0.0032   -0.1772 

 

  final chi2  =    3.5628705     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0088 

   cstar =     0.0082   -0.0033   -0.1771 

 

  firrst chi2    214.55396     

 

   astar =    -0.0616   -0.1667    0.0004 

   bstar =    -0.1665    0.0615   -0.0080 

   cstar =     0.0074   -0.0031   -0.1775 

 

  final chi2  =    3.6273568     

 

   astar =    -0.0594   -0.1670    0.0004 

   bstar =    -0.1668    0.0593   -0.0088 

   cstar =     0.0082   -0.0034   -0.1770 

 

 istat =            2 

 

    1    1     0.000008     0.047019     0.047489     0.004961 

 

    2    1     0.000037    -1.618842    -1.620324     0.000411 

 

    3    1     0.000037    -0.391167    -0.389167     0.004982 

 

    4    1     0.000037     5.640000     5.640704     0.000782 
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    5    0     0.000037     5.640000     5.640704     0.006690 

 

    6    0     0.000037     5.640000     5.640704     0.006690 

 

    7    0     0.000037    90.000000    90.000000     0.000000 

 

    8    0     0.000037    90.000000    90.000000     0.000000 

 

    9    0     0.000037    90.000000    90.000000     0.000000 

 

   10    0     0.000013     0.000000     0.000000     0.094614 

 

   11    0     0.000016     0.000000     0.000000     0.058605 

 

   12    0     0.000017     0.000000     0.000000     0.097871 

 

   13    0     0.000037  8297.317383  8297.317383     0.550631 

 

   14    0     0.000004     0.000430     0.000430     0.000019 

 

   15    0     0.000004    -0.000304    -0.000304     0.000453 

 

   16    0     0.000037  -176.128006  -176.128006     0.147600 

 

   17    0     0.000037   139.425003   139.425003     0.137949 

 

   18    0     0.000037    -0.727000    -0.727000     0.108277 

 

   19    0     0.000004     0.016114     0.016114     0.002407 

 

   20    0     0.000001     0.002300     0.002300     0.001044 

 

   21    0     0.000037     4.052222     4.052222     0.002182 

 

   22    0     0.000037     3.000000     3.000000     0.001147 

 

   23    0     0.000037     3.000000     3.000000     0.000985 

 

   24    0     0.000037    -1.413000    -1.413000     0.008456 

 

   25    0     0.000037   226.520996   226.520996     0.225847 

 

   26    0     0.000037    -0.133000    -0.133000     0.102818 

 

   27    0     0.000002     0.007289     0.007289     0.003210 

 

   28    0     0.000004     0.000380     0.000380     0.000866 

 

   29    0     0.000037     3.105076     3.105076     0.049062 

 

   30    0     0.000037     3.000000     3.000000     0.000917 

 

   31    0     0.000037     3.000000     3.000000     0.000946 

 

   32    0     0.000037   178.151001   178.151001     0.222133 

 

   33    0     0.000037   138.488998   138.488998     0.155977 
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   34    0     0.000037    -0.505000    -0.505000     0.095869 

 

   35    0     0.000004     0.018702     0.018702     0.003278 

 

   36    0     0.000000     0.003830     0.003830     0.001860 

 

   37    0     0.000037     2.232185     2.232185     0.003236 

 

   38    0     0.000037     3.000000     3.000000     0.001037 

 

   39    0     0.000037     3.000000     3.000000     0.000857 

 

   40    0     0.000037   177.292007   177.292007     0.181403 

 

   41    0     0.000037  -138.789001  -138.789001     0.197004 

 

   42    0     0.000037    -2.040000    -2.040000     0.095227 

 

   43    0     0.000001     0.003365     0.003365     0.002997 

 

   44    0     0.000001    -0.002700    -0.002700     0.002015 

 

   45    0     0.000037     0.895111     0.895111     0.003038 

 

   46    0     0.000037     3.000000     3.000000     0.001060 

 

   47    0     0.000037     3.000000     3.000000     0.001125 

 

   48    0     0.000037    -3.124000    -3.124000     0.130238 

 

   49    0     0.000037  -225.213608  -225.213608     0.178016 

 

   50    0     0.000037    -1.388000    -1.388000     0.109832 

 

   51    0     0.000003     0.019035     0.019035     0.004603 

 

   52    0     0.000000    -0.003180    -0.003180     0.000871 

 

   53    0     0.000001     0.002818     0.002818     0.002426 

 

   54    0     0.000037     3.000000     3.000000     0.000901 

 

   55    0     0.000037     3.000000     3.000000     0.001019 

 

   56    0     0.000037  -177.953003  -177.953003     0.199803 

 

   57    0     0.000037  -138.139008  -138.139008     0.155210 

 

   58    0     0.000037    -2.025000    -2.025000     0.081681 

 

   59    0     0.000003     0.012669     0.012669     0.003023 

 

   60    0     0.000002    -0.009260    -0.009260     0.000829 

 

   61    0     0.000037    -0.909815    -0.909815     0.002517 

 

   62    0     0.000037     3.000000     3.000000     0.000951 
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   63    0     0.000037     3.000000     3.000000     0.000917 
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