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Magnetism Reflectometer Data Reduction Manual 
Data reduction on the Magnetism Reflectometer begins by connecting to the analysis computer 
mrac.sns.gov using software that supports X-Windows connections via the SSH port (port 22), 
also known as X11 tunneling.  On a system with XWin-32 installed, start the application from the 
start menu: 

 

 
 

The X-Win32 logo will appear on the menu bar at the bottom of the screen.  Right click on it and 
select XConfig: 

 

 
 

Click the Add button to configure a new session.  You will be asked what type of connection 
type you want.  Select StarNetSSH: 
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Then fill in the rest of the session information: 

 

 
 

The session name can be anything you want.  The host name should be mrac.sns.gov.  The login 
should be your XCAMS username.  The command should be /usr/X11R6/bin/xterm –ls.  Click 
Save when you are done.  The session is now ready to use.  Click on the X-Win32 logo in the 
menu bar again, and select the session you just created: 
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Then enter your username and password information: 

 

 
 

If this is the first time connecting to this system, you may be asked to accept the host key: 

 

 
 

Click Yes, and the connection will be completed.   
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Select the run file, or run files, that you are interested in analyzing and use the translation service 
to convert them into the Nexus file format in preparation for analysis.   

 

 
 

In the example shown above the runs 1314 through 1317 are being translated with the command:  

TS_translate_batch 1314-1317 
Note that the first time you run this program you will be asked one more time to type in your 
password. 

This will create the necessary files and store them in the appropriate location so that they may be 
read by the IDL based analysis and reduction software, which is run by typing the command 
data_reduction: 

 

 
 

You will see the IDL startup widow: 

 

 
7



 

 
 

Click anywhere on the IDL window to continue: 

 

 
 

Click on the button next to Magnetism Reflectometer and press ENTER to run the Data 
Reduction GUI:  
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Enter the desired run number in the Run Number text field at the upper left hand corner of the 
window and press the OPEN button.  The data file will be read, and the raw data displayed: 

 

 
 

Insure that the Signal button on the selection panel is checked.  Place the cursor slightly above 
and to the left of the desired signal region.  Click and release the right mouse button.  Move the 
cursor down and to the right until the entire signal is included within the resulting box.  Click 
and release the right mouse button to complete your selection of the signal region. 
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If background is to be subtracted (and it usually is) click the Back_1 button in the selection 
panel and repeat the process used above to select a background region. 

 

 
 

If a second background region is desired, click the Back_2 button and repeat the process: 
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If you are satisfied with these selections, click the SAVE SELECTION button.  Note that the 
message window below the START DATA REDUCTION button will contain the message 
“Signal & background selection – SAVED.”  If you are going to use these exact signal region 
and background region settings to analyze other run files you can save them to disk by clicking 
either or both of the buttons (Signal and Background) in the Selection(s) to keep panel.  The 
signal and/or background information will be written to the same directory as the reduced data.  
In the example above the file names containing the stored information are 
REF_M_1314_signal_Pid.txt and REF_M_1314_background_Pid.txt.  These files, and the 
information they contain, may be loaded later simply by clicking the Signal – Pid file button 
and/or the Background – Pid file button and selecting the desired file name. 
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Notice that when you pressed SAVE SELECTION some additional information has been filled 
in.  If you only wish to view and manipulate the intensity versus wavelength data select the NO 
button in the Normalization section.  If you wish to normalize the data using a previously 
collected and reduced transmission run click the YES button and enter the run number of the 
transmission run in the Run # text field located next to the Normalization Yes No buttons.  You 
may request to view plots of the intermediate data by clicking the Yes button in the 
Intermediate plots panel.  You will get another window asking you to select which intermediate 
plots you want: 

 
Note that by default all plots are selected.  The last two plots will only be valid if you said Yes to 
Normalization.  Adjust the selection buttons to suit your preference and click the Validate 
button.  The message panel in the Data Reduction GUI will inform you how many valid 
intermediate plots will be generated: 

 
 Note that since we said No to Normalization there are only two valid intermediate plots.  
Information on the signal and background regions that you selected using the cursor is available 
by clicking on the Selection info tab: 

 
 

Click the tab for the region you want to view.  In this example we are viewing the Signal tab, 
which shows that we defined our signal region to be from x channel 152 to 158 and y channel 80 
to 173.  Number of pixels in each direction are calculated by subtracting the high from the low 
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(the bounding channels are not counted towards the total number of pixels).  The counts in these 
channels are summed, and the average counts per internal channel is calculated.  Similar 
information is calculated for the region outside (beginning with the bounding channels) the 
drawn box.   

 The START DATA REDUCTION button will become active once you have completed your 
selection.  Press the START DATA REDUCTION button: 

 

 
 

The data will be reduced, and the resulting plot will be displayed on the right hand side.  Notice 
in this example they we did not ask for normalization, so our data plot is simply intensity versus 
wavelength.  Also notice that the lower right hand corner now contains a panel where axes 
scaling can be modified, or the the default settings can be restored.  You may view any requested 
intermediate plots by clicking on the Extra plots tab located in the tabs section of the GUI.  Note 
that while the actual data is plotted as a function of wavelength on the x axis, the intermediate 
data is plotted as a function of time of flight on the x axis.  As a result, when you simply switch 
tabs to the Extra plot tab to view an intermediate plot you will see nothing with the current x axis 
setting. 
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Notice that the x axis is only looking out to 10 microseconds.  We will need to expand the x axis, 
using the x-axis Max: field in the lower left corner 

 

 
 

Which incorporates all the data in the plot window 

 

 
 

Note that the axis settings for the background are quite a bit different than those for the signal 

 

 
 

But the background region is still there: 
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Once the IDL software has finished, you may use gnuplot to view the data; type “gnuplot” to 
start the program and get to the gnuplot command line.  Gnuplot is a versatile plotting package.  
Obtaining a simple plot requires only the command “plot ‘filename’ ”.  Note that since your data 
files will be in the “local/REF_M” subdirectory (in my case /SNS/users/1qg/local/REF_M) you 
should change your working directory to your version of that with the command “cd 
~/local/REF_M” prior to starting gnuplot. You will notice that if you simply type plot 
‘REF_M_1314.txt’ that the x and y axes may not be very well suited to your actual data.  This is 
easily remedied by modifying your plot request to include x and y axis ranges.  From the initial 
plot we notice a better x range is 0 to 10 and the y range would be 0 to 36,000.  The modified 
plot request is now plot [0:10] [0:36000] ‘REF_M_1314.txt’: 

 

 
 

 

 

This produces a more appropriate plot for your test data: 
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It is usually a good idea to take a quick look at your data prior to transferring it from the analysis 
computer to a personal computer.  If you are satisfied with the file, you can use WinSCP (or 
some other secure copying package) to transfer it to your computer. You will need to define a 
session for mrac.sns.gov: 

 

 
 

Click Login and you will be prompted for your XCAMS password: 

 
 

Once you have the connection established, change to the directory containing the data files and 
select the desired file.  Right click on the desired file and select Copy: 
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Pick the destination for the data file: 

 

 
 

The data file may now be viewed or manipulated on your PC: 
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All the lines beginning with the “#” symbol are comment lines containing information about 
conditions under which the file was collected.  Using Origin, or another software package, you 
can plot, manipulate and fit your data file.  Starting Origin, select Import, Multiple ASCII from 
the File menu: 

 

 
 

Select the desired file name: 
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Origin will read the comment lines and generate column labels that are not really appropriate for 
the data.  

 
 

These labels may be changed to something more appropriate simply by double clicking on them: 

 

 
 

Change the column name, and remove all the contents of the Column Label field at the bottom.  
Repeat this process for all labels until you get labels you like. 
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The data may now be plotted by selecting the desired plot type from the Plot menu: 
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And selecting the axes: 

 

 
 

The data will now be plotted: 

 

 
 

Note that this plot looks very similar to the one we generated with gnuplot.  The benefit of using 
Origin is demonstrated more clearly in the following example:  generating reflectivity data.  
While the IDL based data reduction software is capable of creating reflectivity curves, there may 
be times when you want to generate the reflectivity data from the raw data by hand.  For this 
example we are going to need four run files:  two with only the transmitted beam at different 
collimations, and two of the beam reflected off our sample (in this case 500 Å of iron on a silicon 
substrate)  These run files were reduced in the manner described above and will be copied to my 
local PC by selecting each file in WinSCP while holding down the Ctrl key. 
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Now that I have them, I am going to rename REF_M_1322 and REF_M_1323 to 
TRANS_M_1322 and TRANS_M_1323, so I call tell the transmitted files from the reflected 
files.  So now we have four files on the desktop: 

 TRANS_M_1322.TXT   .6 mm collimation transmission run 

 TRANS_M_1323.TXT            1.2 mm collimation transmission run 

 REF_M_1328.TXT    0.28 degree data run 

 REF_M_1329.TXT    0.62 degree data run 

It’s a good ides to give these files a more descriptive name so that later when you have a whole 
bunch of files you can tell them apart.  Since the data in these files is from a 500 Å Iron (Fe) 
sample on a silicon substrate the data files could be named FE1228.TXT and FE1329.TXT 

I started Origin, and opened a new data file.  Since all the collected data (transmission and 
reflection) was collected with the same time binning the first column of each file (the wavelength 
column) is the same.  So I only include one column of wavelength data from any of the files, and 
copy the last two columns from each of the four files.  This gives me one data file with nine 
columns of data, for which I used column labels that I could interpret.  I also included six empty 
columns that will be used to store the calculated reflectivity and uncertainty for each of the two 
collected angles, as well as the calculated value of q (q=4πSINθ/λ) for those angles.  That is a 
total of fifteen columns of data: 

 
22



 

 
   

Keep in mind that Origin accepts angles in radians, so you have to convert the sample angle from 
degrees to radians (by multiplying by π/180).  To calculate the reflectivity data, select the 
column you want to fill in with the reflectivity data and select Set Column Values from the 
Column menu: 

 

 
 

Note the column label where the data is to be stored (Ref.28Deg), and the calculation 
(abs(col(1328Int)/col(1322Int)).  This is dividing the reflected data at .28 degrees by the 
transmitted data with a .6 mm collimation and storing the absolute value of the result in the 
column labeled Ref.28Deg. Repeat the process for the .62 degree reflected data and the 1.2 mm 
collimated transmission data, and store the result in the column labeled Ref.62Deg.  In a similar 
fashion we calculate the q columns (Q.28Deg and Q.62Deg): 
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Again, note the column label (in this example Q.28Deg), and the calculation 
(4*3.14159*sin(.28*(3.14159/180))/col(Wavelength) for the .28 degree data).  We should now 
have all the data necessary to generate reflectivity versus q plots for both the sample angles we 
collected.  Now select Line + Symbol from the Plot menu: 

 

 
 

You will get the Plot Setup window: 
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Select the appropriate q and reflectivity data to plot.  Your initial plot results will probably not 
look quite right: 

 

 
 

Double click on the Y axis (the axis, not the label): 
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Change the Type to Log10; change From to 0.0004, and To to 4 and click Apply.  Click on the 
Horizontal button to switch to the X-axis: 

 

 
 

Change From to 0.005, and To to 0.05 and click OK.  You will now have a more recognizable 
reflectivity plot: 

 

 
 

A similar plot can be generated for the higher angle data: 
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We can put these two plots together if we want.  Start with the .28 degree plot, and select Add 
Plot to Layer – Scatter from the Graph menu 

 

 
 

Select the 0.62 degree data (Q.62 Deg for x and Ref.62deg for y) and click Add: 
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Once you click Add you will see the .62 degree data listed in the bottom of the window. Click 
Apply and then OK. You will have to adjust the axes again, but both plots will be visible: 

 

 
 

Click on the legend in the plot and change the symbol and color of the two plots: 
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I like to keep the symbol the same but change the color…your choices may be different: 

 

 
 

Notice that the regions of total reflection which should, by definition, equal 1, need to be scaled.  
Use the data reader tool (the  tool)and click somewhere along the flat section of the total 
reflection plateau to read the reflectivity value.  A window will appear displaying the x and y 
axis values for the point you chose. 

 

 
 

It is the y value that corresponds to the reflectivity, and which needs to be scaled to 1.0.  
Determine the scaling factor to adjust this value to 1.0 and then apply it to all the reflectivity in 
that data set.  In our .28 degree example the value is 0.2186717, which requires a scaling factor 
of 4.5730654.  A similar scaling factor can be determined for the 0.62 degree data.  Now add two 
new columns.  Into one add the .028 degree reflectivity data multiplied by the 0.28 scaling factor, 
and repeat the process for the 0.62 degree data and the 0.62 degree scaling factor.  Now duplicate 
the plotting process for the scaled data: 
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Now the total reflection plateau for each data set is at 1, which is what it should be.  Notice we 
now have some agreement of features between the two plots, which we should also have.  
However we also notice that there is too much overlap between these two angles, which tells us 
that we picked angles that are too close together.  Normally only a small overlap in the q range is 
required to splice two reflectivity curves together; something on the order of 0.02 in q range 
should be sufficient.  We can merge the two files in a simple way, by hand, by cutting and 
pasting in q ranges and the associated reflectivity data, from the two runs.  I chose the q value to 
splice my data to be q = .02158 which has pretty good agreement between the two curves, and 
occurs right about at the critical edge: 

 

 
 

Now we see the total reflection plateau from the 0.28 degree run and the higher q data, starting at 
about the critical edge, from the 0.62 degree run.  Notice that there is no distinguishable splice at 
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the interface, which means that we chose a good point for the splice.  We can add a final column 
and generate the merged RQ4 –vs- Q plot: 
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