Experiment Ideas using the two counter array.


The experiments that follow can be performed at a high school using the two counter arrays.  There is a discussion of expected results.  Some experiments are more difficult than others and several can be discussed a difference levels (qualitative or quantitative).
1.  Coincidence count as a function of overlap area.  


When the counter is in coincidence mode, it only count signal if both PMT’s send a signal within a short period of time.  Since the majority of cosmic rays are not significantly affected by small amounts of material, we expect the cosmic rays to pass through both scintillators.  If you decrease the area of overlap, you decrease the possible area that a cosmic ray can pass through and be detected.  Since cosmic ray flux is fairly uniform throughout the room, we expect a linear relationship between area and counts.  Have students slide the two counters apart to various positions and find the counts for a 60 second period at each position. 
2.  Coincidence count as a function of angle.


Under normal conditions, we use the 2 counter array sitting flat on the table, with the large area of the scintillator parallel to the floor.  We can change the orientation of the area by lashing the two counters together (so they don’t fall apart when we rotate them) and propping up one side with a varying height of books.  You should see a decrease in counts as the counters approach an orientation perpendicular to the floor.  Since cosmic rays approaching from the side must encounter more material (primarily more atmosphere) we expect a decrease in the number that make it to our detector. 
3.  Coincidence count as a function of sun’s position.


Some cosmic rays come from the sun.  If you can get your array outside, you can compare counts with the area facing the sun or facing perpendicular to the sun.  You could also take counts from the horizontal position and see if there is a change in counts at different times of the day (and night.)  Other related experiments are to see if the counts change during times of high sunspot activity or to see if the counts change throughout the year.
4.  Coincidence count as a function of blocking material.


Cosmic rays consist mainly of electrons and muons (at the surface).  The electrons are more easily blocked by material than the muons, but the muons can be blocked by larger amounts of material.  It is not easy to get enough material in your classroom to significantly change the amount of muons.  (You’d need lead and quite a bit of it to have varying counts.)  Instead of stacking material on top of your counter, you can take it into a building with many floors.  As you descend in the building, the count should decrease.  If you can get to the roof, do a count there too.  You should expect a large drop from outside to under only the roof, because the roof blocks most of the electrons.  As you descend, more and more of the muons are blocked.   If you do not have access to such a building, you can look for changes at various locations in your building.   If you have access to blueprints, try to find locations that are under HVAC units on the roof (or any other large steel object) or location where the ceiling is thin, like in a gymnasium for comparison.
5.  Coincidence count as a function of location on the scintillator.


Is one area of your scintillator more sensitive than another?  Test by turning one counter at right angles to the other and taking counts with the two overlapping at different points on the scintillator.  To get more precise location, turn the top scintillator on its side so the area of overlap is small and many different positions can be tried.  

6.  Coincidence count as a function of solid angle.  


Change the separation between the two counters and see how the count is affected.  As you move the counters farther and farther apart, only those cosmic rays that are most perpendicular get counted.  If the counters are close together, cosmic rays entering at various angles can still move through both scintillators. You should see a decrease in counts as the distance is increased.  Your upper level students could calculate the solid angle to look for a more formal relationship.  (See Edwin Antillon’s paper on solid angles for more information.)
