 Lab: Cosmic Ray Detectors and Basic Lab Skills 

Purpose: To learn basic laboratory skills such as taking data, making graphs in Graphical Analysis, and doing error analysis

Introduction: Cosmic rays are high energy protons that interact with the Earth's atmosphere causing particle showers. Heavier particles (hadrons) are created that quickly decay into lighter particles (leptons) and electromagnetic radiation (light). The lighter particles include the familiar electrons and also muons, a heavier cousin to the electron which is also negatively charged, and neutrinos, uncharged and almost massless particles.

The muons can be detected using the cosmic ray detectors. The detection mechanism is not important to understand for the purposes of this lab, so only a brief description will be given. The paddle is made up of a scintillator, a light guide, and photomultiplier tube (PMT). The scintillator is a special piece of plastic that emits a photon when it is hit by a charged particle, such as a muon or an electron. The photon travels through the light guide to the PMT. The PMT is an instrument that converts the photon into an electrical signal that is detected by the computer and registered as a hit. 

In this lab, we will look at the muon rate vs. paddle separation distance. This lab will be a little different from most of the labs we will do because there is only one set up. We will take data together as a class and then analyze it in our groups.

Procedure:

1.  Make a hypothesis. Given what you know about cosmic ray showers, what effect will separating the paddles have on the muon detection rate? Why?

2. Set up the detectors parallel to the ground. Determine with your group at which distances you would like to measure the muon rate (5 cm, 20 cm, 10 m, whatever) and for how long you would like to take data (5 minutes, 10 minutes, 1 hour, etc). You should come up with five distances and one length of time. What would happen if we varied the time?

3. As a class, decide on distances and lengths of time. 

4. As a class, take turns taking data.  What are the dependent and independent variables? Record the data in your lab notebook. Always include units when you record data! 
Group Names:




Date: 

Make a hypothesis. Given what you know about cosmic ray showers, what effect will separating the paddles have on the muon detection rate? Why?

	Separation Distance (cm)
	Muon Rate (hits/s)
	Muon Rate (hits/s)
	Muon Rate (hits/s)
	Mean
	STD DEV
	STD Error

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Graphical Analysis

1. Calculate the mean, standard deviation, and standard error for each of the distances.  

2. Make a plot of   Mean Muon rate vs separation distance. Add a column for standard deviation and standard error.

3. In the options for Mean Muon rate table, Select Error bar calculations and use the standard error column choice.

4. Determine the best fit line for the plot. Should it be linear?
5. Try a different distance for interpolation and compare to the range as estimated by your graph. 
Results and Conclusions:
For your report be sure to include a printout of your graph and answer the following questions
· What was the result? How does muon rate depend on distance? Was the graph truly linear?
· Was your hypothesis correct? 
· Why did we need error bars? 
· What were sources of error in this experiment? 
Do the same analysis for flux verses distance between detectors.
You should read about flux at the Stanford Cosmic Ray data center website

http://www2.slac.stanford.edu/vvc/cosmicrays/tourstop2.html
 Remember, Flux is a detector-independent quantity  (Oh really????)
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Area of each panel is 400cm^2

Complete the chart

	Separation Distance (cm)
	Muon Rate (hits/s)
	Flux rate (hits/s*cm^2)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Is the flux constant for the different separation distances? Do you think you need more trials? What aspect about cosmic ray counts could make the values vary?

	Separation Distance (m)
	Muon Rate (hits/s)
	Muon Rate (hits/s)
	Muon Rate (hits/s)

	.58
	24
	16
	7

	.455

.38             

.32

.26

.21

.3
	23

44

15

65

78

43
	28

34

47
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	32
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