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Abstract 


As far as mankind's knowledge of mathematical procedures, how it has influenced our lives by describing multiple scientific procedures. The research that was conducted sole purpose was to generate a polynomial that will compute beam positions based off measurements from two amplitude signal electrodes. Hence, the information from the BPM was compiled into data files which were separated into “horizontal” and “vertical” files. These files were received and dissected with the usage of an extraordinary mathematical computer software Math-Cad. Math-Cad gave the ability to manipulate the data files in order to generate such a polynomial that will compute beam position when only receiving signal amplitude measurements from two electrode plates. Hence, calculations of computed data, actual “on-axis” data, and plots expressed results where the best computed beam position should lie far within the allotted  50mm barriers of the BPM test stand. In conclusion, the polynomial successfully displayed computed beam position from receiving signal amplitudes from two electrode measurements. If you reduce the human and/or mechanical involvement it may decrease the error within the BPM test stand measurements.


Background and Theory:                                                                                       


The Tevatron is a circular particle accelerator or synchrotron that is the highest energy particle collider in the world.  The Tevatron accelerates protons and anti-protons in a 6.3 kilometer (km) ring to energies up to One Teravolt (TeV).   There are several stages where protons and anti-protons are accelerated. The Crockcroft-Walton, a pre-accelerator is the first stage and it accelerates up to 750 Kilovolts (keV).  The particles shift into a 150 meter long Linear Accelerator (Linac) which accelerates up to 400 Megavolts (MeV).  The particle then moves to the Booster, which is a small circular magnetic accelerator where the particles go around 20 000 times to obtain an 8 GeV of energy.  The particles are energized and then passed into the Main Injector, where the “Main Injector” can also produces 120 GeV protons for anti-proton creation; it can increase anti-proton energy to 120 GeV and it also injects protons and anti protons into the Tevatron.    The protons and anti protons are accelerated in opposite directions where they cross paths in two detectors: Collider Detector Facility (CDF) and D (Zero) detectors.  

Introduction:


 Throughout history mathematical procedures have been used to enhance and describe various types of scientific procedures. A mathematical equation can effectively predict the behavior of scientific procedures and thusly direct future actions taken regarding these same scientific procedures.  Such is the case, when dealing with the beam positions. The objective of this work was to generate a polynomial that will allow computation of beam position from two electrode signal amplitudes.
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Methods and Materials:


 Math Cad is mathematical based software that allows one to compute multiple mathematical procedures.  This was the sole tool utilized for all mathematical computations in this research.  


There were 15 data files- eight horizontal files and seven vertical files.  The data file’s contains measured values of wire position and corresponding signals.  Horizontal files are from two electrode plates that were received from a BPM test stand, where the signal plates are aligned along the x-axis and the vertical files are aligned along the y-axis. Column zero within the horizontal is the “on-axis” wire position and column one is the “off-axis” position. The vertical files “on-axis” position is in column one and the “off-axis” position are in column zero. Columns two and three are the electrode readouts from the BPM in decibels (db).

The two tables below are representations of a data array as found in the files

Horizontal data table:
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Vertical data table:
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To further analyze the data files in order to generate a polynomial, this was done. By extracting the values that are near or zero from the off-axis position enables one to generate a polynomial based on the actual “on-axis” wire position. The “off-axis” position was sorted from least to greatest, then extracted the values near or zero and augment (To extract out a row or column and combine the remaining rows or columns) the new matrix. This was done, so that the polynomial was generated from the “on-axis” position.

Here are examples of data arrays for horizontal (east1&2) and vertical (west1&2)


Horizontal:
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Horizontal after extraction:
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Vertical:

Vertical after extraction:
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Two matrices were formed and ready for testing. This was done:

Combining the matrices by stacking(Its a Math Cad procedure where one can combine matrices together) allows us to form one array that represents the horizontal and vertical “on-axis” positions in column zero and the corresponding electrode signals in columns one and two.

An example of the combination of horizontal and vertical “off-axis” extraction
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 Columns Two and Three were then converted into volts, because the electrode signal amplitudes are designed to operate on linear amplitude quantities.
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After converting Columns Two and Three into volts, then difference of Av and Bv over divide by the additive of Av+Bv (Av-Bv/Av+Bv) shall yield a Difference-Over-Sum (DOS) value. 

 Examples of conversions
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It was then possible to plot the wire position versus the DOS.  The result of the plot continued the process of the regression in an attempt to generate a polynomial 

Graph represents the actual position versus the difference over sum
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This regression gives a Fifth order polynomial that was suitable for the values near zero. 
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This is the Fifth Order Polynomial

Where polynomial equals the computed wire position in millimeters
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Compare Actual Data versus Computed Data:

             Actual Data                                                                          Computed Data
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The next step was to discover how well this polynomial works for values other than values near or exactly zero. At this point, two data arrays horizontal and vertical were being worked upon, hence, the BPM is 50 millimeters (mm) by 50 mm and the horizontal file (on axis is in column 0) and vertical file (on axis is in column 1) were orthogonal to one another, thusly, this made it possible to combine both files and generate one array by stacking.  However, prior to stacking, vertical files had to be augmented and flipped.  Furthermore, it was necessary to flip the first two columns in the vertical files so that the “on-axis” wire position and the “off-axis” position matched the columns in the horizontal file.  
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 This graph represents an arrangement of v-files
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At this point, both files were arranged as follows: Column zero represented “on-axis” wire position, column one represents the “off-axis” position, columns two and three represented electrode A and B in decibels.  It was now possible to stack the horizontal and vertical files into an array and sorted per Math Cad.  
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 This table represents an array of all data files[image: image44.png]N30
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Column Four then became the conversion of Column Two from decibels into volts, duly being notated as Av. The same was done for Column Five, as well duly notated as Bv.  In order to calculate DOS, the difference between Column Four and Column Five was calculated as well as the additive computation of Column Four and Column Five.  



After obtaining both results, DOS could now be computed, which was recorded in column six. Column seven is the sum of the computed data and column eight is the difference of the computed data minus the “on-axis” wire position data.
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After computing the DOS, sub matrices of the following increments were then generated: (+10, +20, +30…-50).   It was then possible to apply each DOS for each increment into the polynomial for testing and to generate a plot of the computed values from the polynomial, minus the “on-axis” wire position versus the “on-axis” wire position.  
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Results:



The best results of measurements from generating a polynomial that will represent beam position accuracy inside of the Main Injector Pipe lie with a 30 mm range.  A measurement outside of the 30 mm range displayed a wide range of inaccurate beam positioning per the polynomial and plots to make an accurate beam position measurement inside of the Main Injector Pipe.  

Graphs are representing the difference between computed position and actual “on-axis” wire position versus the “on-axis” wire position.
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The Following Graphs Represents the Remaining Increments

On-Axis position at -10mm
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On-Axis position at +10mm                                                                                                                         
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On-Axis position at -20mm
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On-Axis position at + 20mm
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On-Axis position at -30mm
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On-Axis position at +30mm
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On-Axis position at -40mm
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On-Axis position at +40mm
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On-Axis position at -50mm
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On-Axis position at +50mm
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Conclusion:



In conclusion, the generated polynomial satisfactorily confirmed expectations of accuracy per the results of data comparison.  They show that an efficient bpm position lie within a 30 mm range.  Further validation could be obtained by decreasing error by eliminating human error and/or mechanical error in computations performed.  

