
Getting Started 
 
You cannot break anything unless you drop the detector on the floor or do something 
equally dramatic. Every cable you need is provided, along with a 50Ω terminator. 
The black aluminum cylinder (“detector”) can be placed in the wooden pedestal for 
convenience. (The detector will work in any orientation.) Cable types are unique. 
Connect the power cable and signal cable between the electronics box and the detector. 
Connect the communication cable between the back of the electronics box and your PC 
(or laptop). Use either the USB connection or the serial port, but not both. 
Turn on power to the electronics box. (Switch is at rear.) The red LED power light should 
now be steadily shining. The green LED may or may not be flashing. 
Set the HV between –1100 and –1200 Volts using the knob at the top of the detector 
tube. The exact setting is not critical and the voltage can be monitored by using the 
multimeter probe connectors at the top of the detector tube. 
 
If you are curious, you can look directly at the output of the PMT using the PMT Output 
on the detector tube and an oscilloscope. (A digital scope works best.) Be certain to 
terminate the scope input at 50Ω or you signal will be distorted. You should see a 
signal that looks like figure 8. The figure shows details like scope settings and trigger 
levels. 
Connect the BNC cable between PMT Output on the detector and PMT Input on the box. 
Adjust the discriminator setting on the electronics box so that it is in the range 180 – 220 
mV. The green LED on the box front panel should now be flashing. 
 
You can look at the amplifier output by using the Amplifier Output on the box front panel 
and an oscilloscope. The scope input impedance must be 50Ω. Similarly, you can 
examine the output of the discriminator using the Discriminator Output connector. 
Again, the scope needs to be terminated at 50Ω. Figure 10 shows typical signals for both 
the amplifier and discriminator outputs on the same plot. Details about scope time 
settings and trigger thresholds are on the plot. 
Insert the software CD into your PC and copy all the folders/directories into a convenient 
folder/directory on your PC. 
 
Open the folder/directory muon_data and launch the program muon.exe. (Windows may 
hide the .exe extension.) You should now see user interface as shown in figure 12. 
Configure the port on your PC. See the material above under Control in the Software and 
User Interface section for details. Choose your histogramming options. Click on the 
Save/Exit button. 
 
Click on Start. You should see the rate meter at the lower left-hand side of your computer 
screen immediately start to display the raw trigger rate for events that trigger the readout 
electronics. The mean rate should be about 6 Hz or so. 
 
 
 
 



 
Exercises 

 
1) Measure the gain of the 2-stage amplifier using a sine wave. 
Apply a 100kHz 100mV peak-to-peak sine wave to the input of the electronics box 
input. Measure the amplifier output and take the ratio Vout/Vin. 
Q: Increase the frequency. How good is the frequency response of the amp? 
Q: Estimate the maximum decay rate you could observe with the instrument. 
 
2) Measure the saturation output voltage of the amp. 
Increase the magnitude of the input sine wave and monitor the amplifier output. 
Q: Does a saturated amp output change the timing of the FPGA? What are the 
implications for the size of the light signals from the scintillator? 
 
3) Examine the behavior of the discriminator by feeding a sine wave to the box input and 
adjusting the discriminator threshold. Monitor the discriminator output and describe its 
shape. 
 
4) Measure the timing properties of the FPGA: 
a) Using the pulser on the detector, measure the time between successive rising edges 
on an oscilloscope. Compare this number with the number from software display. 
b) Measure the linearity of the FPGA: 
Alter the time between rising edges and plot scope results v. FPGA results; 
Can use time between 1 µs and 20 µs in steps of 2 µs. 
c) Determine the timeout interval of the FPGA by gradually increasing the time between 
successive rising edges of a double-pulse and determine when the FPGA no longer 
records results; 
Q: What does this imply about the maximum time between signal pulses? 
d) Decrease the time interval between successive pulses and try to determine/bound the 
FPGA internal timing bin width. 
Q: What does this imply about the binning of the data? 
Q: What does this imply about the minimum decay time you can observe? 
 
5) Adjust (or misadjust) discriminator threshold. 
Increase the discriminator output rate as measured by the scope or some other means. 
Observe the raw muon count rate and the spectrum of "decay" times. (This exercise needs 
a digital scope and some patience since the counting rate is “slowish.”) 
 
6) What HV should you run at? Adjust/misadjust HV and observe amp output. (We know 
that good signals need to be at about 200 mV or so before discriminator, so set 
discriminator before hand.) With fixed threshold, alter the HV and watch raw muon count 
rate and decay spectrum. 
 
7) Connect the output of the detector can to the input of the electronics box. Look at the 
amplifier output using a scope. (A digital scope works best.) Be sure that the scope 
input is terminated at 50Ω. What do you see? Now examine the discriminator 



output simultaneously. Again, be certain to terminate the scope input at 50Ω. What do 
you see? 
 
8) Set up the instrument for a muon lifetime measurement. 
Start and observe the decay time spectrum. 
Q: The muons whose decays we observe are born outside the detector and therefore 
spend some (unknown) portion of their lifetime outside the detector. So, we never 
measure the actual lifetime of any muon. Yet, we claim we are measuring the lifetime of 
muons. How can this be? 
 
9) Fitting the decay time histogram can be done with the included fitter or with your own. 
 
10) From your measurement of the muon lifetime and a value of the muon mass from 
some trusted source, calculate the value of Fermi coupling constant GF. Compare your 
value with that from a trusted source. 
 
11) Using the approach outlined in the text, measure the charge ratio ρ of positive to 
negative muons at ground level or at some other altitude. 
 
12) Following the approach in the manual, measure the muon stopping rate at two 
different elevations and compare predictions that do and do not assume the time dilation 
effect of special relativity. 
 
13) Once the muon lifetime is determined, compare the theoretical binomial distribution 
with an experimental distribution derived from the random lifetime data of individual 
muon decays. For example, let p be the (success) probability of decay within 1 lifetime, 
p = 0.63. The probability of failure q = 1 − p. Take a fresh data sample of 2000 good 
decay events. For each successive group of 50 events, count how many have a decay time 
less than 1 lifetime. (On average this is 31.5.) Histogram the number of "successes." This 
gives you 40 experiments to do. The plot of 40 data points should have a mean at 50*0.63 
with a variance σ2 = Npq = 50*0.63*0.37 = 11.6. Are the experimental results consistent 
with theory? 
 


