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           This report concerns my participation in the TRAC(Teacher Research Associate Program) at Fermilab during the summer of 2001.  I am currently a middle school teacher at Minooka Jr. High School, Minooka, IL.  My teaching assignment is eighth grade general science with an emphasis on physical science.  This summer represents my fourth experience in the TRAC Program at Fermilab.  Previous program experience includes work in the Education Department, Beams Division, and Computing Division.  This summer I was assigned to work in the Experimental Physics Division under the supervision of Rajendran Raja.  The nature of my program assignment was such that the program work was done in Lab#6,  Particles Division, Technical Center.  At Lab#6 I worked primarily under the direct supervision and direction of technician Pat Richards. Dr. Raja designed a program of work for me and it comprised the following tasks: 1.) Learn about scintillators, oscilloscopes, and trigger logic. 2.)  Learn the function and name of various electronic modules, make a list of needed modules to assemble an electronics rack and retrieve those modules from PREP at the Feynman Center. 3.) Learn about the components of a scintillator counter and make a counter from scratch. 4.) Measure trigger rates from cosmic rays as singles and also in coincidence between two counters.  5.) Learn how to High Voltage “plateau” the counters.  All of the above mentioned tasks were completed although not necessarily listed in the order listed here.  The program was designed to allow for preliminary testing of materials and equipment for proposed experiment #P-907.  I will use the remainder of the report to discuss how each of the listed program tasks was completed.


     The first few days I spent attaching various scintillation counters to the Tektronix oscilloscope and learning how to set up the scope in order to read signals from cosmic ray particles that were passing through the counter.  I was able to determine what to look for in a signal in general and also to make the adjustments at various voltages from the high voltage source to observe what constitutes a “good” signal.  As mentioned before counters of various sizes were used to in order to accomplish the before mentioned task.  During the course of checking out the signals on the oscilloscope I also learned to check the counters for “light leaks” due to tears or breaks in wrapping of the counter.  When those were found I attempted to repair them usually by re-taping those areas that were leaking light.  At the same time as I was working with the electronics and counters,  a group of high school teachers was assembling counters to send to various high schools as part of the science program called QuarkNet.  I was able to test the counters that they made for strength of signals and also to check them for any leakage of light. This task fit in rather nicely with what I needed to accomplish in the first part of my assigned program of work.
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      My next task involved learning the structure and components that make up a scintillator counter.  In order to accomplish this task I took apart several older counters.  I was able to get a first hand look at scintillation plastic, light guides, photo-multiplier tubes, bases, and shields. 


At some point during this task I was given a copy of a guide from physicist Donna Hicks that was very helpful in explaining and illustrating the various types of detectors used at Fermilab.  So as I was disassembling the various counters I was able to observe directly those components that were mentioned in the detector guide. Progressing on to the next activity in the program enabled me to take an already constructed counter and test for cosmic rays using the discriminator module.  I  also constructed a “telescope” by using two counters and attaching them in coincidence.  This enabled me to observe evidence of those particles that were penetrating each counter and more specifically I was able to observe those particles that were being registered by both counters coincidentally.  The next task that I was able to work on allowed me to be able to apply some of the knowledge that I had come to know in regard to scintillators and their make-up.  I had the job of checking three counters that had previously been part of an experiment that was in the accelerator.  I checked these counters for strength of signal and also for any evidence of light leakage.  The counters turned out to be in good condition with only some minor taping to repair areas where light appeared to be escaping,  These counters differed from those that I had been previously working with in that they where of a somewhat different design,  There was a hole cut in the main body that would allow the counter to fit over the beam pipe in the accelerator.  This gave one end of the counter a “horse shoe” shape.  Also, there were electronic cables attached to the counters that allowed them to be connected to an apparent LED readout.  In preparation for assembling some future counters I was asked to test the strength of several photo multiplier tubes.  This entailed connecting individual tubes to a high voltage cable and a read out cable that was connected to an oscilloscope.  The tube was placed in a “black box” that allows for minimum light penetration so that the signal from the tube can be measured more accurately. Voltage was adjusted until the signal on the scope was at the point of least extraneous interference.  The voltage at which this signal occurred was recorded on each individual tube. 


   My final task in the program outlined for me was to construct a “telescope” and to plateau each of the counters that made up the scope.  In order to accomplish this I had to find three lengths of scintillating plastic that were fairly free of imperfections so that light could be transmitted easily and clearly through them.  After finding several pieces that fit the description I previously mentioned , I then wrapped them with the materials necessary to make them into scintillator counters.  This activity took several days to accomplish.  I wrapped twelve counters in total of various lengths and thickness. 


      I then chose three counters that I would use for the telescope. My main objective was to “plateau” each of the three counters, in other words, determine the voltage at which the counter was operating at optimum efficiency in detecting particles(cosmic rays).  The counters all had equal dimensions.  They were 56 inches in length, 6 inches in width, and 1 inch in thickness.  The light guide that was attached to the photo tube was 5 ¼ inch for each counter.  The three counters were placed on the chamber(#P-907).  One counter was placed underneath the chamber.  Two counters were placed on top of the chamber.  One counter was on top of the chamber itself while the other counter was above supported by two wood bridges.  The final arrangement  allowed for three counters, top and bottom and one in the middle.  Each of the counters showed a 
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stable signal on the oscilloscope at 1600 volts, so the high voltage was set at that level.  The electronics were set so that a count could be taken that represented particles passing through each counter and a count taken for particles passing through the middle one, the one that was to be tested for its plateau value.  I chose to take counts for ½ hour for each voltage beginning with the initial set-up which began at a voltage of 1200. The voltage was raised in increments of 10 volts.  I divided the ½ hour into 3, 10 minute segments.  For each reading I took the count of the middle counter divided by the count of all three.  This gave me a percentage which I called “Counter/Voltage efficiency."  I then took the average of  the 3 percentages for the “Average Counter Efficiency."  The first middle counter was tested at a range of 1200-1400 volts.  I plotted values on a line graph(x-axis, voltage, y-axis, efficiency).  The plot of the graph showed a rise of efficiency up to 1290 volts. Above 1290 volts the efficiency percents maintained a teady level.  I took that to indicate that the plateau of the first middle counter was 1290 volts. I repeated the same steps for the other two counters, placing each of the other two in the middle position.  I began testing each of the remaining two counters at an initial voltage of 1230.  The second counter had a plateau of 1260 volts(range of 1230-1360 volts)the third counter 1310 volts(range of 1230-1360 volts). Once again the purpose of my work to plateau the counter was to prepare the chamber through testing for its eventual use as an experiment.


    In conclusion, the purpose of this report was to discuss those activities that made up my TRAC experience this summer.  I did not intend it to be a strictly technical document, although I attempted in certain areas to make it as technical as possible.  My perception of the TRAC Program is that it allows classroom teachers to experience working with a scientist on a research project.  It also allows teachers to learn about content new and old, in this case, in the area of high energy physics.  Also, it gives participants insight into scientific investigations and methods.


In the area of content I have become more familiar of how light can be used to “see” particles(in my case, cosmic rays) and how light and other forms of radiation interact with mat
