                                     INSTRUCTIONS FOR MUON DECAY(Rev 7/10/14)
Purpose: Determine the mean lifetime and half-life of a muon.
Preliminary: Read the background material page on “What is a muon?”.
Setup

1. Connect the control box and detector (PMT to PMT). The DC power connection will remain connected at all times. Connect the control box output to the computer. Do not turn on control box yet.
2. Turn on the computer and start muon simulation program... Find out what is in each graph. The most important is the large one. Try the Fit feature (password is muon).  When finished start real muon program. When the program starts go to Configure and select COM 3. If COM 3 does not work or if there is a problem with mouse see instructor.
3. Make sure the HV knob on the detector is on zero. Connect a voltmeter to the high voltage jacks on the detector. Turn on the control box. Adjust the HV knob for a reading of 11.5 on voltmeter (actual high voltage is 100 times meter reading). Monitor voltage and reset to 11.5 if more than 0.2v off. Attach voltmeter to discriminator jacks (threshold) on control box. Adjust discriminator threshold voltage to 0.18 v. Monitor discriminator voltage. If it drifts more than .002 reset voltage.
4. The red and green LED on control panel should be on. You can also hear the output by using the audio switch. Keep audio turned off during a run. It creates spurious signals. The green LED should be flashing.

5. The ratemeter and muon/bin section of display should be responding. When everything is working click on quit and restart program. Select COM 3 in Configure menu. Select 20 for time scale length and 30 for number of bins.
Data Taking  
6. Start collecting data. Let run for rest of period. Data should appear in Muon Decay Time Histogram after a delay. 
7. While waiting, read rest of material on this experiment. Things to think about: How are muons produced? What do muons decay into? What provides the start and stop pulses? What do the points/bars in the graphs represent? What is the function of the discriminator? Why do measured lifetimes of positive and negative muons differ? What data do I need for the Analysis section?
8. When run is ended do a curve fit. Enter muon as password. Record lifetime and statistical data in light blue area. Make a copy of graph for your report (click on pause first). Click on the screen capture button and then transfer the image to Word in order to print graph. The screen capture button has been erratic. If it does not work use Print Screen on the keyboard. If the computer is not connected to Internet, store a copy of the graph on a USB memory device and use one of the other computers.
9. Record length of run in seconds and total number of muons from Monitor section.  
10. When quitting program use the red button on the left not the Microsoft X. You will be asked about saving data. Answer NO to record your data separately from other students. Record date and time data saved. You will need this to locate file for step 17 analysis. 

11. When finished for the day, turn down high voltage to zero. Turn off control box, computer and scope.
Repeat & Finish
12. Repeat experiment in a second lab period. If possible arrive early and/or stay later. When finished with experiment turn HV to zero and turn off equipment. Do not disconnect DC voltage cable between control box and detector. Disconnect other cables.

Analysis 
13. Compute half-life. 

14. Compute number of accidental coincidences per histogram bin: N = length of run in sec x width of bin in sec x square of event rate. Event rate = total # of muons / length of run in sec. You will need scale length and number of bins from step 5.
15. What does Chi Squared/DOF mean? What determines the size of the error bars (horizontal and vertical) in the Muon Decay Time Histogram? 

16. Use your lifetime and formula in background material for value of Fermi coupling constant to find mass of a muon. Compare with standard value.
17. Since muon decay is a statistical process you may have significant differences between runs especially if short and count rate low. There is an additional source of variation with muons since the production rate in the atmosphere varies. The rate meter display shows arrival rate varies by ~ a factor of 2. Go to the muon physics folder (Muon> Software>Windows>muon-data and look in the file for your data by date & time. Open using Excel. Go through the data and record any numbers < 40,000. These numbers represent time to decay in nanoseconds. Express your lifetime in nanoseconds. The probability of decay within1 lifetime is p = 1-1/e (why?).  Count number of decays in 1 lifetime or less. The theoretical value is number of decays x p. How close is your data?

18. The measured lifetime is due to a combination of positive and negative muons. Use the formula in background material to calculate what the observed lifetime would be if there are equal numbers of positive and negative muons reaching detector. If your observed lifetime is between 2.043 and 2.197 use your observed lifetime and values for negative and positive muon lifetimes given in background material to estimate ratio of positive to negative muons. What happens to calculation if your observed lifetime is not in this range?  Why might you expect more positive than negative muons?
