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1. INTRODUCTION

The Surface Profile Analysis Reflectometer (SPEAR), located on flight path 9 in the Lujan Neutron Scattering Center, is ideally suited to study thin (from 5 to 3000 Å) organic and inorganic layers in a variety of different environments. SPEAR is a time-of-flight (TOF) reflectometer using two choppers to define a typical wavelength range of 1.5 Å to 16 Å. With this polychromatic beam, a range of momentum transfer vectors (Qz) can be measured without altering the angle of the incident beam. An important feature of SPEAR’s design is that the beam is inclined to the horizon at 0.9°. This inclination allows for reflectivity measurements from liquid/air interfaces. Using a position sensitive detector, the TOF and reflected position of individual neutrons can be measured and converted to a wavelength and reflection angle. With this arrangement, good statistics can be obtained for a minimum reflectivity of about 5x10-7 in 3-4 hours.
This document is intended to help users conduct experiments using SPEAR. Step-by-step instructions are provided for the more common procedures involving sample alignment, making measurements and reducing data. Most of these procedures entail operating the instrument through an IDL program. To get started, run the SPEAR program by opening the idl_gui.lnk on the desktop and typing SPEAR in the lower prompt.

2. THE EPACS SYSTEM

The Experimental area Personnel Access Control System is designed to prevent exposure to radiation by controlling access to SPEAR’s experimental cave.

a. ENTERING THE INSTRUMENT
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To enter the instrument the shutter must be closed. To close the shutter using the SPEAR program, select the menu item:

 
Operations ► Shutter control ► Close

You will hear a click and the red lights around the ‘SHUTTER OPEN’ sign will begin flashing. This process will take about a minute and then the green lights around the ‘SHUTTER CLOSED’ sign light up. The shutter can also be closed by pressing the ‘CLOSED’ button on the EPACS control panel (the yellow box by the instrument door).

Next, press the key release button on the EPACS control panel and turn and remove the master key. Insert the master key in the leftmost lock below the EPACS control panel and turn it. This unlocks the remaining keys. Any of the remaining keys can now be removed and used to unlock the instrument door. 

b. SECURING THE INSTRUMENT
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Before opening the shutter, the instrument must be secured. Securing the instrument just means making sure that nobody is left inside when the neutrons start pouring through. To do this, press the ‘START’ button on the EPACS control panel. If a previous sweep was not successfully completed, you have to press ‘RESET’, ‘STOP’ and then ‘START’. This will start the siren. Enter the instrument and 

close the door behind you. Walk to the back of the instrument and assure that nobody remains inside. When the siren stops, press the black button on the EPACS control panel behind the shielding door. Closing the shielding door behind you, walk to the front of the instrument and press the black button on the control panel behind the beam stop. Now, exit the instrument, close the door behind you and remove the key. Insert the key into the free lock below the EPACS control panel (all keys should now be in place). Turn and remove the master key and insert it into the lowermost lock on the control panel and turn. If everything was done correctly you will hear the siren again. If not, start over.

Now the shutter can be safely opened. To open the shutter using the SPEAR program select the menu item:

Operations ► Shutter control ► Open

You will hear a pump turn on and the red lights around the ‘SHUTTER OPEN’ sign will begin flashing. This process will take about a minute. The shutter can also be opened by pressing the ‘OPEN’ button on the EPACS control panel (the yellow box by the instrument door).
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c. EMERGENCY SITUATIONS
The EPACS engineering controls make it virtually impossible for a person to remain inside the instrument while the shutter is open or being opened. However, if you are inside and hear the sweep complete siren or the shutter pump activate press one of the big red scram buttons. This will shut off the entire accelerator, preventing neutron radiation from entering the instrument. One scram button is located on the panel behind the shielding door at the back of the instrument and the other is behind the beam stop.
3. PREPARING A SET OF EXPERIMENTS

This section deals with the setup and initialization of SPEAR’s operating software for a new set of experiments and experiment specific preliminary measurements required for data reduction.  For most experiments, the following procedures will only need to be performed once.

a. SETTING UP A NEW EXPERIMENT

Each accepted proposal is considered a separate experiment and needs to be set up with a new experiment number. Select:

Setup ► Create New Experiment

and enter the required information. The experiment number is the same as your proposal number. After submitting the form, SPEAR’s DAQ system must be rebooted to incorporate the new information. To do this read part 10, RESTARTING THE DAQ SYSTEM. Finally, to be sure that the changes took, measure a test run and check the status. If the experiment name and number correspond to the information you provided you are good to go.
b. CALCULATING THE DIRECT BEAM POSITION
To accurately calculate of the reflected beam, the position of the direct beam must be precisely known. Typically, a direct beam measurement is made at the beginning of a set of experiments. However, if further operations leave some uncertainty about slit positions or if non-standard changes are made to the instrument configuration it is advisable to re-measure the direct beam. To do this, all T-zero and sample slits are set to 1 mm openings. Additionally, the after sample bottom slit and detector bottom slit, which in normal operation block the direct beam, must be lowered. A position of –5 mm for the after sample bottom slit and –100 mm for the detector bottom slit will allow the direct beam to pass. A good detector position for this measurement is 350 mm. When SPEAR is in the proper configuration, start a new run and measure for about five 

minutes. Select:

Operations ► End And Save
then

Quick Look ► Current NEXUS Data
and click the DIRECT BEAM POSITION button.  This program will fit a Gaussian curve to the direct beam intensity and provide the direct beam’s center position. Enter 100 for the beginning time pixel value and 330 for the end time pixel. Finally, this new center position needs to be incorporated into the SPEAR program. To do this, exit SPEAR.PRO and in the IDL prompt type .R DIRECT_BEAM_CALC. Enter the peak center position from the printout, the detector position displayed on the Labview screen, your proposal number, and the mm/pixel scale factor (from the piece of tape on the monitor).

c. MEASURING A SPECTRUM


To minimize the time spent measuring the spectrum, the measurement can be broken into two or more pieces. The neutron spectrum coming from the moderator has many more high  neutrons than low  ones. This means that obtaining good statistics at high TOF takes longer. By opening up the slits and using a mirror positioned to reflect and measure only the high TOF neutrons, additional measurements can be made to collect the high TOF part of the spectrum more quickly. Also, measuring the spectrum in the reflection geometry eliminates the fast neutron and  background contribution in the path of the direct beam. 

Typically, the spectrum measurement is made in two parts and combined at about 20ms. The first part is a simple transmission experiment where the neutron beam passes through all components of the sample cell (i.e. windows or a superstrate crystal). Try horizontal slit openings of 1 mm and vertical slit openings of 1.5 mm. However, since the measured intensity depends on the absorption of the sample cell components, the slit sizes should be adjusted to optimize the count rate. Also, since this is a measurement of the direct beam, the after sample bottom slit and detector bottom slit must be lowered. Good positions are –5 mm for the after sample bottom slit and –100 mm for the detector bottom slit. For good statistics, 10,000 counts should be collected at the TOF where the first part of the spectrum will be joined to the second (20ms). To obtain good statistics for this part, data is usually collected for about eight hours. 
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The second part of the spectrum is collected by reflecting the high TOF neutrons off of a nickel mirror. The mirror can be placed either upstream or downstream (as in the photo above) of the sample cell components. Using the laser as a guide, change the Z table height so that the laser footprint is visible on the mirror. Next, adjust theta to position the mirror so that the critical edge falls at 20 ms. All of the neutrons with higher TOFs than 20 ms will be totally externally reflected and used as the second part of the spectrum. Since this measurement is made in the reflection geometry, the after sample slit can be moved back to 2.5 mm and the detector slit back to -50 mm. Perform a Z-scan to precisely center the mirror in the beam’s footprint. Finally, adjust the slit sizes to optimize the count rate. This measurement takes about eight hours to collect 10,000 counts at the highest TOF.

To reduce the raw data to an I vs TOF spectrum, load the data into Quick Look and click Sum Det Pixels with No Bckg Sub. This program sums the intensity between two user selected detector pixels along each TOF bin. Choose lines above and below the beam and save the file. 

Finally, plot the different parts of the spectrum by selecting:

XY Plot ► Plot New File 1

and

XY Plot ► Plot New File 2

Plot the lower TOF data as file 1 or this won’t work. It will be helpful to look at these plots in the log-linear scale with error bars so select the menu items:

Log-linear

Plot 1 Error Bars

Plot 2 Error Bars
Now, to combine the data you will need to select:

Combine two Spectrums

and pick a single point at a slightly higher TOF than the critical edge of the second measurement to combine the two files.
4. OPERATING THE DAQ SYSTEM

During an experiment, the data acquisition (DAQ) system is in one of four states: PRESTARTED, RUNNING, PAUSED, or ENDED. To begin a new measurement, the DAQ state can’t be RUNNING or PAUSED. You can check this by selecting:

Operations ► Show Status

and the current DAQ state will appear in the status display window. If the DAQ state is RUNNING or PAUSED, it can be ENDED in one of two ways. To end the current measurement and print an experiment report select:

Operations ► End and Save
or to end without printing select:

Operations ► End and Bypass Reports

Now, to begin a new run give it a title by selecting:

Operations ► Set Run Title and Prestart Run

Then, to start collecting data, select:

Operations ► Start / Resume

While the DAQ state is RUNNING, data collection can be either paused or stopped. By pausing the DAQ, the measured data will be saved to a file allowing the image of the reflected beam to be displayed during a run. To do this select:

Operations ► Pause

    then

Operations ► Start / Resume

    and
Quick Look ► Current NeXus Data

When the measurement is completed, save the data and print an experiment report by selecting:

Operations ► End and Save

5. MOVING MOTORS

SPEAR’s menu based operating system makes moving motors very easy. Simply select:

Operations ► Move Motors

and the group of motors you wish to move. The window will display the current motor position as well as the lower and upper limits. All 
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motor positions are displayed and inputted as absolute values. For the desired motor, enter the new position (in mm or degrees) in the white box and press MOVE. After moving a motor, the current position will not change. You will need to press the UPDATE button to see the new value.

The IDL program passes motor position values back and forth to a Labview program running on SPEAR2 (the computer on the right). If this program is not running motor commands can’t be sent or received. To start the Labview program, click the main.vi icon on the desktop, press the play button located on the top border, and, when all the green lights are lit, press the EPICS ACTIVE button.

6. ALIGNING THE SAMPLE

For each measurement, it is important to establish that the 

data collected has the proper Q range and that the footprint of the neutron beam illuminates the sample without spilling over its edges. Also, the number of neutrons reaching the detector should be high enough to minimize the time spent counting but not so high that it saturates or damages the detector. Several steps are needed to accomplish these goals and often times it is an iterative process requiring repeating particular steps many times. 


a. DETERMINING SLIT SIZES


SPEAR has four sets of slits. Moving from the source towards the detector they are: the T-zero slits, the sample slits, the after sample slits, and the detector slits. The first two slit packages are used to collimate the beam and the last two slit packages are used to reduce background. Typically, we are not adjusting the positions of the background slits so you only have to work with the T-zero and sample slits.

Both the T-zero and sample slit packages are made up of horizontal and vertical slits. The vertical slits determine the width of the beam footprint on the sample. The width of the footprint is essentially equal to the opening of the sample vertical slits. So, the opening must always be equal to or smaller than your sample’s width. To make the beam’s width converge on the detector, the vertical opening of the T-zero slits should be 1.5 times the vertical opening of the sample slits. For low angle (LA) runs, try a sample vertical opening of 10mm and a T-zero vertical opening of 15mm. For high angle (HA) runs, do not exceed an opening of 30mm for the sample vertical slits and 40mm for the T-zero vertical slits.  Often, it is advisable to keep the vertical slits the same for both LA and HA measurements so that the same area of the sample is probed. Later, you may need to increase or decrease the opening of these slits so that the count rate is maximized without overwhelming the detector.If the sample is not very homogeneous and different areas are probed there may be difficulties combining the two (LA and HA) reflectivity sets. 

The length of the beam footprint on the sample is determined by the horizontal slits. A little trigonometry is needed to calculate appropriate openings for these slits. First, you will need to calculate the angle that you intend to measure (see part c of this section). If possible, the angle should be low enough to totally externally reflect long  neutrons and see the critical edge. Now, with the length of your sample and theta you can use the equation:

D=tan(Total)L
to calculate the opening of the sample horizontal slits. For LA measurements, the theta stage position will be in the neighborhood of –0.5º and about 2.5º for HA measurements. Remember, the beam is inclined by 0.9 degrees so the position of the theta stage does not equal the incident angle of the neutrons! To be on the conservative side, you should set the slit size to be a little smaller than the calculated D value. For convergence reasons, the T0 horizontal slits should be opened 10 times as wide as the sample horizontal slits. 
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b. VERTICAL ALIGNMENT WITH THE LASER


A laser, following the same path as the neutron beam, is used to make an initial, rough alignment of the sample.  To do this, the laser is positioned into the path of the neutrons (and other beamline components are moved out of the laser’s path) by selecting the menu item:

       Operations ► Move Motors ► Mirror/Laser/Monitor/Detector

and then pressing:

Laser IN / FO Mirror OUT

Since the laser is moved into the path of the neutrons, you should only do this when the shutter is closed and always remember to remove the laser before opening the shutter again. Laser alignment is most easily accomplished at a glancing incident angle. Try a low  stage position like 0º. 

With a sample placed on the table, adjust the position of the Z-table until the footprint of the laser can be seen on the sample’s surface. To change the height of the Z-table, select the menu item:

Operations ► Move Motors ► Move or Read Z Tables

Then enter a new position, in millimeters, for the Z-Table and press Move. The program works with absolute positions and up is the positive direction. 
Next, move the sample left to right so that the laser strikes its center. Or, if the surface is not homogenous, position the area of interest in the beam. This can be done by moving the sample by hand or by changing the position of the Y stage. To move the Y stage select:

 Operations ► Move Motors ► Move or Read Sample Position

Then enter a new position, in millimeters, for the Y Position and press Move. Again, the program uses absolute positions and away from the wall is the positive direction.


That’s it for laser alignment!  So, remove the laser, by selecting:

       Operations ► Move Motors ► Mirror/Laser/Monitor/Detector

and then pressing:

Laser IN / FO Mirror OUT

 Now, secure the cave, and open the shutter(see section 2.a).


c. CHOOSING A THETA ANGLE

Since SPEAR typically uses 1.5-16Å neutrons, the theta angle that you choose determines the Q range measured. When making low angle measurements it is useful to choose an angle low enough to totally externally reflect long  neutrons and see the critical edge. Later, the region of Q space corresponding to total external reflection will be used to normalize the data. When making HA measurements, it is necessary that the Q range overlaps the corresponding LA Q range.

Total external reflection depends on the difference in scattering length density (SLD) between the superstrate and substrate and is defined as:

Qc = sqrt(16)

where Qc is the highest value of Q for total external reflection (the critical edge) and  is the difference in SLD. A few  values for some of the most commonly used substrates and superstrates are: 0 for air, 6.3x10-6 Å-2 for D2O, -5x10-7 Å-2 for H2O, 2x10-6 Å-2 for silicon and 4x10-6 Å-2 for quartz. 

Now, positioning the critical edge at about 40 ms will leave a sufficient number of data points at high Q to normalize the reflectivity.  TOF, which depends on the length of the instrument, can be converted to neutron wavelengths. For SPEAR,  in Å is roughly 1/3 the TOF in ms and 40 ms becomes about 136 Å. So, using the equation 

Q=4sin/

the appropriate theta value can be calculated. Remember, 0.9 degrees must be subtracted from the calculated value of theta to obtain the position of the theta stage because the beam is inclined.

In practice, because samples don’t always lie perfectly flat on the stage, finding the critical edge can involve some trial and error. First, try your calculated theta position. It should be somewhere around –0.5 degrees. Then start a test run and allow it to acquire data for a minute or two. Using quick look, check where the reflected beam hits the detector. Can you see a bright spot at high time of flight that corresponds to the critical edge? If not you may need to decrease the theta value. A decrease of about 0.1 degrees will move the reflection down about 10 pixels.

To combine LA and HA measurements of a sample it is necessary for the two measurements to have overlapping Q ranges. A 0.03 Å-1 to 0.05 Å-1 overlap is sufficient. The Q ranges of each measurement can be calculated using the above equation and SPEAR’s wavelength band (1.5 Å to 16 Å). Also, you can check that there is sufficient overlap by starting the HA measurement, reducing the data collected after a couple minutes and plotting the two reflectivities. 


d. ALIGNING THE SAMPLE HEIGHT


By moving the sample up and down, the footprint that falls onto the sample surface changes. To maximize the reflected intensity, the sample height has to be aligned so that the beam’s footprint illuminates the greatest area of the sample. Start a Z-scan by selecting:

Operations ► Scan ► Z Scan

First, enter values for the scanning range beginning with the lower Z position. An appropriate range depends on, among other things, the sample length, but a 5 mm scan (+/- 2.5mm) is usually sufficient. Around 10 data points should result in a useful scan, so pick a suitable step size (0.5). As long as the sample scatters reasonably well, a 5-10 second count time for each step will collect good data. Direct beam pixel, the next box down, determines which detected neutrons will be included in 

the scan. Unrelated reflections and other background below the direct beam pixel value entered will be omitted from the scan.  A value of 70 pixels is probably a good place to start. Finally, check the two open boxes (to normalize the scan to beam intensity and fit a gaussian to it) and click Z Scan.    

This scan will take several minutes to complete. When it is finished, a gaussian will be fit to the data and a prompt will appear asking whether you want to move to a certain position. Assuming that the position makes sense, type Y and press ENTER. However, if the prompted position is ludicrous the gaussian fitting function has failed and you should attempt another scan with different parameters. Often times, the gaussian fit will fail if there are not enough near-zero data points to each side of the peak.


e. CALCULATING THE COUNT RATE

If too many neutrons arrive at the detector it will become saturated. Some of the neutrons will not be counted and the reflectivity data will be screwed up. More importantly, if too many neutrons are hitting the detector it can be damaged. After starting your measurement, allow data to collect for about 3-5 minutes and then select:

Operations ► Calculate Count Rate

A maximum count rate above 700 will saturate the detector and cause it to degrade over time. If you observe a count rate higher than this value, reduce the opening of the vertical slits. With the new settings, begin a fresh run and check the count rate again.

7. SWITCHING BETWEEN LOW ANGLE AND

HIGH ANGLE MEASUREMENTS
Solid samples are often measured in both low angle (LA) and high angle (HA) configurations to extend the Q range. Sometimes, these two configurations are measured multiple times in a row for the same sample. For example, the same sample may be measured at several different temperatures. If the sample’s position is not moved, it isn’t necessary to realign it every time. It is much simpler to just switch between these two configurations.

To switch between LA and HA measurements the theta value, detector position, and collimation slit openings must be adjusted. It is common to use 340 as the LA detector position and 640 to 680 for the HA detector position. Between LA and HA, the change in theta is in the neighborhood of 2 to 2.5 degrees. However, the slit openings depend highly on the sample size.

If the shutter is open during this process, you must take care not to overwhelm the detector. When moving from the LA to the HA configuration, always change the theta value or detector position before opening the slits. When moving from the HA to the LA configuration, always decrease the slit openings before lowering the detector and moving theta.

In most cases, measurements at two different angles will be sufficient. The instrument background, approximately 5x10-7, and not the Q space probed limits the useful Q range of the reflectivity data. However, if the signal of the high Q region of the HA is still above background a third, higher angle can be measured. To measure higher angles, the detector can be moved as high as 750 mm. To measure slightly higher Q ranges, additional (although not particularly challenging) changes to the instrument configuration are required.

8. DATA REDUCTION

SPEAR’s raw data is stored as intensities in a detector pixel vs. time of flight array. Since the detector pixel corresponds to a theta value and the time of flight to the neutron’s wavelength, we can convert this array to a reflectivity (R) vs. Qz curve.


a. ACCESSING THE DATA

Both previously ended and currently running data can be reduced. To reduce the current data, first use the SPEAR program to pause and restart the run:

Operations ► Pause

Operations ► Start/Resume
This will save a temporary NeXus file. Now we can look at the reflection:

Quick Look ► Current NeXus data     

     Or, if the run has already been ended, go to:

Quick Look ► Old NeXus data

and select the NeXus file with the experiment number and run     number found on your experiment report.

b. REDUCING THE DATA

     To begin reducing the data select the menu item:

Reduce Specular Data

First, you will be prompted for a spectrum file. If your 

experiment does not involve shining the neutron beam through windows or crystals, use AIR_SPECTRUM_2004_TOTAL.DAT. Otherwise, you will need to use a spectrum that measures the transmission through the additional objects in the beam’s path. 
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The next step is to select a Q range where you can detect the reflected beam above background noise. This depends a lot on the sample, but a good rule of thumb is to use 5ms to 49.5ms for low angle measurements and 10ms to 49.5ms for high angle measurements. In the image to the left you can see how the 

fringes are no longer visible starting at a TOF of about 10ms. Choosing a beginning time lower than about 10ms would result in a region of noise at the high Q end of the calculated reflectivity. Of course, choosing a time higher than 10ms would ignore some of the signal so pick a number on the low side!

Following this, you will need to select the time binning. As the binning increases, the statistics will improve but the resolution will decrease. If your statistics are good to begin with, use 1 for the bin factor. Next, enter the direct beam pixel from your experiment report, the length of your sample, the opening of the horizontal sample slits (also in the experiment report), and accept the defaults.
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Now, the program moves on to background subtraction. Begin by selecting an upper and lower analysis range. Try not to include regions that are blocked by the background slits or with unrelated reflections. Next, within the analysis range, select an upper and lower background range. This will 

define two regions above and below the reflected beam to be used for background subtraction. Within each background region, the reflected intensities will be averaged for every time bin. This results in two points for every time bin. A line connecting these points is used to estimate the background contribution to the reflectivity signal in the middle region.  
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After the background is subtracted, a graph of intensity vs. detector position appears. If large sections of the graph have negative values, too much background was subtracted and you should probably try again. Otherwise, choose lines at two detector positions to select the center of the beam.


The last data reduction step involves normalizing the data to the critical edge. High angle measurements and measurements where the bulk scattering material has a lower SLD than the material the neutrons are traveling through (like reflections off of H2O) will not have a critical edge and can’t be 
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normalized this way. For experiments with a measured critical edge, select a flat region at lower Q than the critical edge and about 5ms in width to normalize to. In the example reflectivity curve to the left, appropriate values would be 40 and 45 ms.

c. COMBINING REFLECTIVITY CURVES

     For experiments that involve measurements at multiple theta angles, the reduced data for each angle will need to be combined to build a total reflectivity curve. This is accomplished by scaling the reflected intensity of the high angle measurement to the reflected intensity of the low angle measurements. If the low angle measurement was normalized to a critical edge, this yields a reflectivity with absolute intensities. To do this, plot the 

reduced data for two angles by selecting:

XY Plot ► Plot New File 1

and

XY Plot ► Plot New File 2

Plot the lower Q data as file 1 or this won’t work. It will be helpful to look at these plots in the log-linear scale with error bars so select the menu items:
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Log-linear

Plot 1 Error Bars

Plot 2 Error Bars

Now, to combine the data you will need to select:

Combine two Refl Plots

and pick a single point along Qz to combine the two files. This program will combine data to the left of the selected point from the low Q file with data to the right of the point from the high Q file. You should pick a point that will give you the best error bars in the combined file and, if there are fringes in the region, a point where the slope is small (like a fringe’s maxima).

If you need to combine 3 or more reflectivity curves, follow the same procedure. Just take the combination of the first two data files and combine one more.

d. CONVERTING TO PARRATT FORMAT

     If you intened to use Parratt32 (available from HMI at http://www.hmi.de/bensc/instrumentation/instrumente/v6/refl/parratt_en.htm) to model your data, you will need to alter the reduced data’s format. SPEAR’s reduced data is arranged in 4 columns: Q, R, variance in R, and variance in Q. Parratt32 requires data arranged in 3 columns: Q, R, and R. To convert SPEAR data to Parratt32 format using the SPEAR program, select the menu item:

        XY Plot ► Change Data Format ► Convert to Parratt Format

First, select a reduced data file and then provide a new filename to save the Parratt32 formatted data as. 

e. NORMALIZING WITHOUT A CRITICAL EDGE

In certain cases, a reflectivity with no critical edge can also be normalized. This is done using a reference reflectivity, measured under the same conditions (particularly the slit sizes) as the sample without a critical edge, and either the monitor counts or the micro-amp hours (beam current). For example, reflectivities at the H2O/air interface have no critical edges but can be normalized to the critical edge of the reflection off the D2O/air interface. To do this, two scalar values must be determined: the ratio between the normalized and un-normalized intensity of the totally reflected neutrons for the reference reflectivity and the ratio between the monitor counts (or micro-amp hours) of the reflectivity to be normalized and the reference reflectivity. Scaling the reflectivity without a critical edge to these two values will result in an absolute normalization.

9. DATA PLOTTING

Accessible from the main menu, SPEAR has a built in 2-D plotting program. It is capable of plotting multiple data sets in linear, logarithmic, log-linear, and Q4 scales. Plots can be divided by, added to, and subtracted from other data sets and rescaled. Also available in the plotting program is an option to combine two reflectivity curves with overlapping Q regions. 

10. MULTIRUNS

Once in a while, experimenters may feel a desire to sleep. This is where multiruns may come in handy. Using the translation of the Y stage to move different samples into the beam, a macro can be written to measure several samples in a row without any input from the user.

The Y stage has 12” of travel so a multirun may be a good option when you have several small to medium sized samples to measure. For example, up to four 4” diameter samples could be measured with one macro. The first step in preparing a macro is to obtain the motor positions for all of the samples. Use the laser to determine good Y positions, make test runs to find appropriate theta and slit values, and measure Z scans for each sample.   

When you have accumulated all of the necessary motor positions, you are ready to write the macro. To enter the parameters for a multirun, select:

Operations ► Create Control Script

After entering each number press ‘ENTER’ to save its value in the spreadsheet. In addition to all of the motor positions, you will need to specify the time for each measurement. Leave the UampHrs and Seconds as zero and insert a number in the Tzero column. Remember, while the beam is running there are 20 t-zeros per second. So, if you want to run for an hour put 72000 in the Tzero column. To look at an example multirun that measures two samples, press Read File and open E:\idl\example.run.



Now that the macro is written, save it by pressing DONE. To run it select:

Operations ► Run Control Script

A black window will pop up and motors will start moving. When all of the motors have reached their positions the number of Tzeros accumulated will begin to appear.

11. RESTARTING THE DAQ SYSTEM

Every time the SPEAR program crashes, the value of connid increases by 1. This value is printed in the IDL window when the SPEAR program is started. If connid reaches 9 you will be unable to save your data or start any new runs. To prevent this from happening, when connid gets to 6, 7 or 8 you should restart the DAQ system. 

Restarting the DAQ system will cause any collected data to be lost, so be sure to save first. Close IDL and run the los_stop.lnk shortcut from the desktop. Then, run los_start.lnk (also on the desktop) and wait until a window appears notifying you that the DAQ is started. Next, run los_reboot_all_processors.lnk and wait until the ‘all processors rebooted’ window pops up. 

Sometimes the processors will fail to reboot and a window will pop up telling you so. If this occurs, walk over to the electronics rack by the door. On the second shelf down is the DAQ crate and its power button is in the upper left corner. Turn it off, wait a few seconds, and then turn it back on. 

Then run the los_reboot_all_processors.lnk again. When the processors are rebooted, proceed to los_gui.lnk. The username is spear_daq and the password is Spear_09. Select boot and wait for the status to read ‘booted’. Select initialize and wait for the status to read ‘initialized’. Now you can close the gui and run idl_gui.lnk. Finally, type spear in the lower IDL prompt to restart the SPEAR program.
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Troubleshooting Tree:


This tree is to be used when no new detector events are arriving at the detector.
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