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The emittance analysis application EAS provides a rapid means of reducing emittance data by removal of noise and other beam related artifacts, which generally accompany this type of data and can dramatically effect calculated RMS emittance values.  The code employs an automated, user friendly, algorithm which applies the Self-consistent, Un-biased, Ellipical-EXclusion (SCUBEEX) method of data analysis to quickly determine accurate, unbiased RMS emittance values.  The code can also be operated in a manual mode, allowing a variety of numerical data reduction and visualization techniques to be applied.  Elliptical exclusion, simple thresholding and partitioning data on basis of brightness or intensity can readily be achieved by applying various filters to the data set.  At any time, the data set can be queried to determine RMS Twiss parameters or area emittances of various beam fractions which are automatically plotted.  Also, at any time, the data set can be visualized by generating a 3D or 2D contour plot of the current data set.  These capabilities can be accessed through a simple user form.  The code is written in Visual Basic and attached as a macro to an excel sheet for ease of use and distribution.  The code has been benchmarked with a variety of analytic distribution to validate its accuracy.

Motivation

EAS was developed to facilitate interpretation of emittance data measured on the Spallation Neutron Source (SNS) accelerator and it’s associated ion source test stands.  The primary value of the code to the SNS project is to evaluate raw emittance data from candidate ion sources both developed at ORNL and tested at SNS facilities as well as evaluating raw data from other ion sources tested in other laboratories.  We hope it will also be used by the accelerator community to allow valid and consistent comparisons to be made between particle sources, beam transport and acceleration systems employed in different facilities.  

Basic operation of the program

EAS is extremely easy to use, simply open the spreadsheet file containing the EAS macro using a recent version of Excel, which is the Microsoft spreadsheet program which come as part of the office suite of programs and is typically installed on most PCs.  Once the sheet is opened you will find the first three columns contain a sample distribution of data (simple Gaussian). Feel free to use this data set initially to become familiar with the code.  You can specify x, x’ and the background intensity of this distribution by changing the yellow fields in the spreadsheet.  Once you are familiar with the code you simply paste your emittance data over this data set by selecting the entire column.  The first column should contain the position x with respect to the beam which the measurement was taken in units of mm.  The adjacent column B should contain the x’ data which describe the direction (angle) of the beamlet at point x and should be in units of mrad.  Column C, the third column on the spreadsheet, should contain the measured current at position x and angle x’ and can have arbitrary units provided the data has no net negative bias (average of all data should be positive).  Since this analysis un-biases the data set you can add a positive value to the data until it is positive enough to run.  The program also requires the data exists on a regular, rectangular grid such that dx and dx’ is constant over the entire data set.  Each column can contain up to 15,000 data entries.  The load data page also displays total number of data points read, the maximum and minimum current intensities as well as mean x and x’ values.

After making sure the data has the right units and has a sufficiently positive bias one starts EAS by clicking on the analyze emittance button on the spreadsheet.  This action brings up the form:
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The next step is to load the sample data or the data you just pasted into the spreadsheet using the load button shown above which populates internal visual basic arrays from which all subsequent analysis will occur.   The center command button can be used if one would like to locate the weighted average center of the data in the middle of the analysis plane which is defined as the center of the exclusion ellipse and used in beam brightness sorts (see below).  

Next, click on the data analysis tab to view the following page:
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This page allows rapid analysis using the SCUBEEx method and will be the final page invoked if a simple analysis of RMS emittance is desired.  In this technique, an ellipse, called the filter ellipse, who’s shape and orientation closely approximates the contour lines in the central region of the beam is converged about the beam center while monitoring average background outside of the ellipse.  As the ellipse is shrunk, the average background of data exterior to the ellipse is subtracted from interior data points and only these resulting interior points are examined.  During this process the rms Twiss parameters, including emittance, are plotted on the graphs shown on the spreadsheet.  The resulting ‘un-biased’ emittance can be determined by large plateau regions observed in the RMS and normalized RMS emittance versus filter ellipse size plots.  Details of this technique can be found in the accompanying AIP conference papers. 

To apply the analysis first click the  and  button.  This will then calculate  and  using only the upper 90% of the data distribution (e.g. ignoring data less than 10% of the current in the maximum data pixel since this data normally contains noise and bias).  These values are then automatically inserted into the filter ellipse definition fields shown above.  Next, specify a reasonable range of ellipse sizes to produce emittance plots, which will clearly show a pronounced plateau region and then specify the number of steps (data points to plot).  Try using the default values first and then adjusting as needed on subsequent recalculations.  Pressing the auto button will then invoke the SCUBEEx analysis algorithm using the parameters you’ve just set.  That’s it!  The RMS emittance can be determined from the value of the plateau region of the RMS emittance and normalized RMS emittance plots. The normalized RMS plots will only give meaningful results if the energy at which the measurements were made is input (see below: data queries – rms parameters).  Errors due to bias can be estimated by the variation of data points on this plateau.  See the accompanying AIP report for further details.  If a plateau is not readily observed in the plots, better choices of  and  maybe required (see next section). 

Using EAS for advanced data analysis

As explained above EAS can also be used as a tool for advanced data analysis and visualization using the subsequent tabs on the main program interface.  The concept is simple: once the data is loaded into the program as described above, the user can manually apply any data filter or combination of data filters of her choosing to the data set allowing the data to be conditioned in the manner specified in the descriptions shown below.  At any time during analysis RMS Twiss parameters of the current data can be determined by selecting the RMS parameters tab.  Area emittances as a function of beam fraction can also be determined by selecting the Area emittance tab, which can be queried at any time during analysis.  The plot data tab allows snap shots of the data to be taken at any stage in the data analysis: 2D contour plots as well as 3D plots can be rendered.  Now, lets examine the function of each data filter which are all accessed from the data filter tab with the exception of the center data function which resides on the load data page:
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Notice the following convention is held throughout the program: red text boxes support user input while white text boxes are read only.

Data filters

Data filters are simply defined as numerical operations which actually change the data set itself as opposed to data queries which only extract information from the data set. 

Centering filter

Recall the data set is in the form of x, x’ and c.  The centering routine translates the coordinates x and x’ such that:
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The numerical values shown above are displayed on the load data page of the interface.

Ellipse filter

This allows the user to specify an ellipse defined by inputting Twiss parameters into the data filter form.  The ellipse is defined by the equation
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and is always centered on x=0, x’=0.  The geometrical shape, orientation and size of the ellipse is determined by inputting  (unitless) and  (mm/mrad) and  (mm rad) into the red fields on the data filters.    is defined as the Half Axis Product (HAP) such that the area of the ellipse is given by and   (mrad/mm) is calculated:
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Once entered by selecting the filter button, the filter ellipse is shown graphically on the Excel sheet.  Executing this command also determines the average current per data pixel outside of the ellipse and writes it to the interface and then removes all data points outside the ellipse from the data set.  For convenience this value is expressed as a percentage of the maximum beam current in any data pixel.  The lower two text boxes in the ellipse filter group read out the fraction of beam enclosed within the ellipse and allow for background analysis within an elliptical shell specified by the ellipse multiplier.  For example if the multiplier is set to 1.2 then the lower field in the ellipse filter group of controls gives the average current / pixel measured between the shells defined by  and 1.2 . 

Bias filter

This subroutine simply adds the positive or negative number entered in the associated textbox to all values in the data set.  This action is invoked by depressing the assocated filter button.  The insert average current button simply pastes the negative of the output from the ellipse filter page to the bias filter textbox.  This allow rapid subtraction of background from the overall data set.

Threshold filter

This subroutine simply deletes all array points with values below the user specified percentage of the maximum current in any given pixel in the data set.  This action is invoked by depressing the associated filter button.  

Beam fraction filter

This data filter allows examination of fractional parts of the total emittance data set.  It offers the user two sorting methods: sort by current intensity or by emittance of the individual data points (by distance from origin of the x-x’ plot).  For example, specifying 10% in the text box and selecting, sorting by individual emittance, means the only the brightest 10% of the total beam will be retained. Sorting by beam intensity means that only the 10% most intense data point will be retained. 

Data queries 

RMS Parameters

The RMS parameters page looks like this:
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This page allows access to a routine which calculates the root mean squared (RMS) parameters of the current dataset.  Numerical results are displayed in the interface page shown above in the white fields while RMS ellipse is displayed on the Excel sheet.  The calculations are made as follows:
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Beta: 
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rms emittance :
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The only input required on this page is the beam energy, which is needed to compute the  normalized emittance.  
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Area emittance

Once you have conditioned the data by removing bias using the data filters you can now plot the total area of specified contour lines containing a given fraction of the total beam.   This query can be accessed from the area emittance page:
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To generate this plot simply enter the desired minimum and maximum contour lines over which the plot will extend in the data fields on the left of the form.  These are expressed as a percentage of the current contained in the data pixel which contains the maximum current.  Next specify the number of points to plot and press the plot button and this data will automatically plot on the Excel sheet.  The fields on the lower left of the form can be used as a quick calculator to query the area enclosed by individual contour lines.  The entries in the field boxes which correspond to dx and dxp are automatically set by the program and are displayed here to help diagnose any problems with the data.  They should exactly match the pixel size in the raw emittance data originally pasted into the sheet.

Plot data

At any time during data analysis you can call for plots of the data on the x, x’ plane, in it’s current state of reduction, to be displayed.  The capability to visualize the data at various stages of reduction is quite useful during analysis and helps reduce erroneous results.  
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Simply specify the region of the x, x’ plane you wish to plot by filling in the corresponding data entry fields and pressing the plot button.  The values of dx and dxp are also displayed but normally do not require user input as the program automatically determines the pixel size of the data.  Both 3D and 2D contour plots are produced on the Excel sheet. The number contour lines displayed in each plot can be set by right clicking on the plot itself and setting the standard Excel graphics options. Occasionally, plotting problems will occur especially for unusual data sets (highly asymmetric, etc).  First verify the dx and dxp are correct from inspection of the original emittance data set. If that does not solve the problem try adjusting the source data rows and columns each graph is displaying and re-check the graphs to see if you are capturing any more of the data.  

Misc.

There are types of buttons in EAS which have not yet been explained:  insert a,b and reload.  These buttons are not strictly required to use the code but make repeated, manual data analysis much easier.  The insert a,b button simply takes the  and  values generated by the RMS parameters page and pastes them into the appropriate fields on the page where the button appears.  Reload data buttons are also located conveniently throughout the program to allow a quick method or loading fresh data from the Excel sheet and centering it.

Technical support

Our intention is to make EAS freely available to any one who has occasion to analyze emittance data.  If you are a user please register with us by sending an email to 

welton@ornl.gov
and we will provide free technical support as well as code updates.  If you have problems running a data set, please send me the set and I will get it working!

_1112689092.bin

_1112689842.unknown

_1112689949.unknown

_1112690086.unknown

_1112690915.bin

_1112699312.bin

_1112689980.unknown

_1112689848.unknown

_1112689852.unknown

_1112689845.unknown

_1112689836.unknown

_1112689839.unknown

_1112689832.unknown

_1112683952.unknown

_1112685534.unknown

_1112685538.unknown

_1112685497.unknown

_1112685530.unknown

_1112683998.unknown

_1112617633.bin

_1112681403.bin

_1112617381.bin

