Recipe for Crystallographica-McStas-FullProf interplay.

This document outlines the complete procedure to:

· Use the Crystallographica-generated reflection list with McStas (prob. 7.11.6 in the notes)

· Prepare your McStas simulation output for use with FullProf (prob .7.11.7 in the notes)

· Running FullProf to extract powder parameters from your simulation data (prob. 7.11.8 in the notes)

Using Crystallographica-output with McStas

A reflection datafile secret.lst from a ‘secret’ compound has been made available at the course homepage computer infrastructure. To use this list of reflections with the McStas Powder_N component, you will need an entry similar to

SPLIT 10 COMPONENT Sample = Powder_N(reflections=”secret.lst”,






 format=Crystallographica,






 tfrac=0, frac=0, sigma_inc=0,






 barns=0, Vc=302.036,radius=0.01,






 yheight=0.03, d_phi=10 )

in your instrument file and trace N=1e9 rays (or enough to get around 5e6 rays on your banana detector). 

The next step is to carry out the simulations outlined in the project description of Simulation project: powder diffraction.

Preparation of your McStas datafile:

The following assumes that you have finished your McStas simulations for PowderN.

As you probably recall from lectures and practical use of McStas, McStas intensities really come in units of counts pr. second. For time-integration of one-dimensional McStas monitors and scan-files, we provide the Matlab based mcrealistic tool which also allows addition of a background level to your dataset. FullProf needs a specific header block of seven lines which is also supplied by the mcrealistic tool if it is envoked by the command fullprof_conv. 

To apply the mcrealistic tool, execute the command fullprof_conv on a terminal. A file-selection window will appear for selection of your McStas datafile detector.dat. Next, the matlab console window will prompt your for a scaling time (in seconds) plus a background value (in cts/second):

Enter a scaling time (seconds) please --> 20

Please enter a background value (cts/sec) (default is 0) -> 0.1

This is a single monitor file

If the provided scaling time is too long, given the statistics in the datafile, mcrealistic will inform you something like:

Maximum scaling time (seconds) is 25.746 and you suggested 100 - Terminating.

If the scaling time was OK, another dialogue will appear to allow writing of the scaled and background-applied data to disk. If all went well, you will get a final message like:

The file detector.fpd is now ready for use with e.g. FullProf

The output file detector.fpd is the McStas diffraction data file mentioned in the FullProf sections below. The data in the file are scaled to integers, a property requested by FullProf.

Another output file is produced simultaneously as the raw data are cut from the McStas datafile detector.dat and put in the file detector.raw.

Recipe for FullProf refinement program of McStas diffraction data

If wish to know the meaning of the parameters of the refinement you may use "find" in the complete FullProf Manual to be found on the course homepage in the folder Diffraction and crystallography/Data analysis. 

Use the command winplotr to run FullProf under Linux or on a windows PC. 

(If you want the software on your own computer, you may download the FullProf suite from the websites

http://www.ill.fr/dif/Soft/fp/index.html or http://www-llb.cea.fr/fullweb/fp2k/fp2k.htm .)

Inside winplotr, the FullProf programme itself runs when clicking the FP ikon.

The necessary input files are detector.fpd containing the diffraction data and two secret_*.pcr script files.  detector.fpd should consist of 1 text line (XYDATA in capitals) and 5 lines of information followed by a table with 3 columns

The fpd-file and the pcr-files may be edited by an ascii editor (emacs, notepad or wordpad etc). 

WARNING: Do not use the Ed Pcr ikon in winplotr. Depending on the version, the Pcr editor may make unintended changes to the pcr-file.

Step1 - Refinement in the profile matching mode (Allhkl mode):

Copy the input file secret_Allhkl.pcr from course homepage in the folder Diffraction and crystallography/Data analysis to a working folder of your choice. Copy the downloaded file to secret_Allhkl_ori.pcr in order to have a copy of the orignal *.pcr file. The reason for this is that *.pcr files are overwritten before each rerun of FullProf. Use secret_Allhkl.pcr for editing as it is or change the name to *.pcr as you wish.

FullProf generates a *_Allhkl.new file after the run (refinement) – this is the one you should edit before the next refinement and use as your new input file. The *_Allhkl.new file will be overwritten automatically by the end of a FullProf run. 

Several parameters in the *_Alhkl.pcr file needs to be changed in order to match your McStas diffraction data file. They appear in some of the lines marked by red arrows in the slides 2 to 5 in FullProf_pcr.ppt (see the course homepage folder course homepage in the folder Diffraction and crystallography/Data analysis). 

Here comes the list:

(1) Name of the input data file: This is simply the name of the McStas diffraction data file.

(2) Wavelength: Should be changed three places to the value used in your McStas simulation (lambda1, Lambda2 and Lambda).

(3) Thmin, Step, Thmax: Should be the numbers used to calculate your McStas diffraction data file.

(4) Excluded regions (LowT, HighT): HighT in the first line should be Thmin; LowT in the second line should be 100.00 because the secret.lst file used as input for the McStas calculation only contains structure factors for reflections up to 2 = 100º.

Refinement sequence in the profile matching mode (Allhkl mode):

Use your *.fpd file and the *_Allhkl.pcr file with Irf set to 0 the first time you run this refinement otherwise an error message that "the file with extension hkl (ex. secret_Allhkl.hkl) can not be found" will appear.

(1) Set NCY to a value > 1 (but small)

(2) Refine a, b, c and the first background coefficient by setting the codes to 1. The codes are the numbers found in the lines below the parameter values. 

(3) Also refine zero by setting its code to 1. The code is the number next to the parameter value. 

(4) Refine w (the constant in the expression describing width of the Bragg peaks). Refining w is safe and may just improve your peak shape slightly. To improve the peak shape considerably you may later refine u and then v, but this is more risky and may result in the confusing warning that the peak width (FWHM) is negative. In reality it is FWHM2 which is negative. 

(5) Your *_Allhkl.new file now contains fitted a, b, c, background and w (and u, v) to be used in the next refinement. Continue with refinement reruns using the generated *_Allhkl.new files until the message: "Convergence reached at this CYCLE" appears.

Your  final *_Allhkl.new file contains the a, b, c, background and w (and u, v) to be used in the Step 2.

Step2 - Refinement in the structure refinement mode:

Copy the input file secret.pcr from course homepage in the folder Diffraction and crystallography/Data analysis to a working folder of your choice. Copy the downloaded file to secret_ori.pcr in order to have a copy of the orignal *.pcr file. The reason for this is that *.pcr files are overwritten before each rerun of FullProf.  Use secret.pcr for editing as it is or change the name to *.pcr as you wish.

FullProf generates a *.new file after the fit – this is the one you should edit during the refinement and use as your new *.pcr file. This file will also be overwritten automatically by the end of a FullProf run. 

Several parameters in the *.pcr file needs to be changed in order to match your McStas diffraction data file. They appear in some of the lines marked by red arrows in the slides 2 to 3 and 6 to 8 in FullProf_pcr.ppt (see the course homepage in the folder Diffraction and crystallography/Data analysis). 

Here comes the list:

(1) Name of the input data file: This is simply the name of the McStas diffraction data file.

(2) Wavelength: Should be changed three places to the value used in your McStas calculation (lambda1, Lambda2 and Lambda)

(3) Thmin, Step, Thmax: Should be the numbers used to calculate McStas diffraction data file

(4) Excluded regions (LowT, HighT): HighT in the first line should be Thmin; LowT in the second line should be 100.00 because the secret.lst file used as input for the McStas calculation only contains structure factors for reflections up to 2theta = 100º.

Refinement sequence in the structure refinement mode: 

Use your *.fpd file and the *.pcr file with Irf set to 0 the first time you run this refinement otherwise the error message that "the file with extension hkl (ex. secret.hkl) can not be found" will appear. 

(1) Set NCY to 1.

(2) Insert a, b, c, zero, background and w from the refinement in the profile matching mode. The codes for these parameters should all remain 0 because they were determined in the Allhkl refinement mode.

(3) Make a FullProf run without refining anything. The calculated peaks should appear nearly at the same 2theta values as the experimental peaks. The intensities of the calculated diffraction peaks may be at a lower or higher level than the peaks of your virtual experimental.

(4) If there is a large difference in the levels you should change the parameter Scale to an estimated value which will make the two patterns agree roughly. Run FullProf once more to check if the two patterns are now closer to one another. If this is not the case you must repeat step (3). The relative intensities will still not fit precisely.  

(5) Set NCY to 10.

(6) Refine Scale, Z for the Al atom and X for the O atom by setting the codes to 1. The codes are the numbers found in the lines below the parameters. Run FullProf until the refinement has converged.

(7) Also refine the Biso for Al by setting the code to 1 (found in the line below the parameter values; count codes and parameters to make sure that you put the code in the correct place). Run FullProf until the refinement has converged. 

(8) Also refine the Biso for O by setting the code to 1.

Results and Report:

The results are:

(1) All the refined parameters, i.e. a, b, c, zero, background, w, Scale, Z(Al), Biso(Al), X(O), Biso(O), u and v (optional).

(2) The McStas diffraction data file, the output file *.prf from your last refinement in the structure refinement mode. 

(3) A plot of the FullProf picture using the FullProf *.ps file and kghostview. You can also make a plot from the *.prf file if you have a plotting program. The first three columns in *.prf contains 2theta, Yobs = "experimental" diffraction patterns and Ycalc = diffraction pattern calculated by FullProf using the refined parameters.

The report should contain the final values obtained for the refined parameters and the McStas diffraction data file and the plot.
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