How To Plateau Scintillators

By Melanie Silver and Megan Gritzfeld

Purpose:
Plateauing is a method used to set the optimal voltage and thresholds for the scintillators before completing the muon lifetime experiment. A plateau is where an exponential curve type graph levels out, see figure 1.
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 Materials:

· Scintillators (however many necessary for the muon lifetime experiment)

· Excel program 

· Counter

· Timer

· Discriminator

· Power Source

· Logic Board

· Lab Book

Procedure:

Step 1: Set the basic PM tube voltage. To do this, individually hook the scintillators up to the oscilloscope to view the single count rate and adjust the voltage until the oscilloscope shows a clean signal. A clean signal will be free of noise but not so low that there are no counts.  This is just an estimation of an optimal voltage and can be changed later in the experiment if necessary. 

Step 2: Now that the PM tube voltage is set the thresholds can be plateaued. To plateau the thresholds coincidence rates will be used. This involves hooking up two of the scintillators, with three constants and one variable.  The three constants are the two previously set voltages, and one of the scintillator’s discriminators.  The variable that is used to create the plateau graph is the others scintillator’s discriminator. 


Set the scintillators up one on top of the other and hook them up to your discriminator and counter. A time interval to run the coincidences must then be decided that procures a minimum count rate of 15 counts per the time interval chosen. Each discriminator must be tested 15 times and then an average, standard deviation and sampling error can be found. Make a log to record data in the lab book.

Step 3: Run the scintillators for coincidence counts for the selected time taking readings for each discriminator setting 15 times. Make sure the counter and timer are started and stopped simultaneously. As data is recorded sketch a rough graph to verify that a plateau is forming. Once a plateau is obvious the readings may be stopped. 

Step 4: Repeat step two and three varying the discriminators for each scintillator. 

Step 5: Put the collected data into Excel. Calculate the average, standard deviation and sampling error. The formula for standard deviation is:
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The sampling error is the standard deviation divided by the square root of the number of samples.  Graph the driscriminator on the x axis and the average counts on the y axis as an xy (scatter). Put in error bars using the standard deviation.   For a sample graph for setting discriminators see figure 2.
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Figure 2

Note: In figure two there are y-error bars and the plateau is visible between a threshold of 2.4-2.5 volts.

Expected Rate of Accidental Counts:

Use the formula 2(NANB to find out the rate that an accidental count might occur during the experiment where ( is the gate width, NA is the single counts on the first scintillator and NB is the single counts on the second scintillator. Watch the units, and make sure they are all the same.  The answer’s units will be in counts/time used. This can be compared to the coincidences recorded on A and B and the percent error can then be found.

Conclusion:
A plateau graph should show where the best place to set the discriminator is. After this is found the scintillators can be set at the correct settings and the muon lifetime experiment can be continued.
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		Scintillator 1

		Threshold		Average		Std Deviation																				Count

		2.005																								177

		2.005																								186

		2.005																								155

		2.005										Threshold		Average Counts		Std Deviation										178

		2.005		175.4		11.9289563668						2.005		175		12										181

		2.13										2.13		171		15										182

		2.13										2.249		135		6										150

		2.13										2.35		116		10										179

		2.13										2.504		109		9										159

		2.13		170.6		15.1095995976						2.604		87		6										183

		2.249										2.78		66		12										142

		2.249										3.003		54		10										131

		2.249										2.005		173		12										138

		2.249																								128

		2.249		134.8		5.5407580709																				135

		2.35																								110

		2.35																								128

		2.35																								119

		2.35																								102

		2.35		115.8		10.009995005																				120

		2.504																								103

		2.504																								101

		2.504																								105

		2.504																								121

		2.504		109.2		8.7863530546																				116

		2.604																								84

		2.604																								97

		2.604																								90

		2.604																								83

		2.604		87.4		6.1073725938																				83

		2.78																								82

		2.78																								56

		2.78																								55

		2.78																								76

		2.78		66		12.2678441464																				61

		3.003																								58

		3.003																								40

		3.003																								48

		3.003																								65

		3.003		53.6		9.710818709																				57

		Closure																								176

		Closure																								188

		Closure																								177

		Closure																								155

		Closure		173.4		12.0124934964																				171

		Scintillator 2

		Threshold		Average		Std Deviation																				Count

		2.024																								108

		2.024										Threshold		Average counts		Std Deviation										112

		2.024										2.024		112		9										111

		2.024										2.202		98		11										103

		2.024		112.4		9.3968079687						2.318		104		10										128

		2.202										2.505		109		8										83

		2.024										2.605		94		15										91

		2.202										2.714		86		12										100

		2.202										2.997		81		4										110

		2.202		98		11.0227038425						3.34		75		3										106

		2.318										2.505		112		12										104

		2.318																								104

		2.318																								121

		2.318																								100

		2.318		104.4		10.310189135																				93

		2.505																								105

		2.505																								121

		2.505																								105

		2.505																								113

		2.505		109.2		7.7588658965																				102

		2.605																								87

		2.605																								73

		2.605																								99

		2.605																								111

		2.605		94.2		14.6013697988																				101

		2.714																								84

		2.714																								98

		2.714																								98

		2.714																								74

		2.714		85.6		12.0332871652																				74

		2.997																								85

		2.997																								81

		2.997																								81

		2.997																								81

		2.997		80.6		3.577708764																				75

		3.34																								77

		3.34																								77

		3.34																								74

		3.34																								70

		3.34		74.8		2.9495762408																				76

		Closure																								87

		Closure																								88

		Closure																								79

		Closure																								110

		Closure		92.4		11.9289563668																				98

		Scintillator 3

		Threshold		Average		Std Deviation																				Count

		2.022										Threshold		Average Counts		Std Deviation										40

		2.022										2.022		43		8										34

		2.022										2.322		36		3										49

		2.022										2.419		34		6										52

		2.022		42.6		7.6026311235						2.506		27		6										38

		2.322										2.556		32		3										33

		2.322										2.606		29		4										41

		2.322										2.709		24		7										35

		2.322										3.001		20		4										36

		2.322		36		3						2.507		34		7										35

		2.419																								37

		2.322																								33

		2.419																								24
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		2.556																								37

		2.556																								30

		2.556																								33

		2.556		32.4		3.1304951685																				29

		2.606																								30

		2.606																								30

		2.606																								25

		2.606																								26

		2.606		29		3.6055512755																				34

		2.709																								25

		2.709																								17

		2.709																								30

		2.709																								32

		2.709		24.2		7.0498226928																				17

		3.001																								18

		3.001																								18

		3.001																								25

		3.001																								16

		3.001		19.6		3.5071355834																				21
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