1 Worksheet 2: Plateauing the Counter

The aim of this worksheet is to get the pupils to find the optimum operating voltage to use for
each counter. This is done by using a method called “plateauing the counters”. This exercise helps
them to understand how the PMT works, but it is possible to contiue without carrying out this
experiment. If this experiment is skipped then the following control voltages should be used:

e S1: 0.9V
e S2: 0.95V
e S3: 0.85V
e S4: 0.9V

It is possible to plateau 2 counters in about an hour. I would suggest splitting the class into 2
groups, plateauing 2 counters each.

1.1 Aim

Before you use any detector you need to make sure that it is set up properly and working correctly.
Otherwise, you cannot trust the data which you are recording. When you come to present your
results, nobody will accept them unless you can show that the detector is working as expected.
The aim of this worksheet is the find the optimum operating conditions for your detector. For
this worksheet you will need a stopwatch.

1.2 The Control Voltage
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The aim of the Power Distribution Unit (PDU) is to apply a voltage across the photomultiplier
tube, called the control voltage. The size of the signal produced by the PMT is determined by the
control voltage, the higher the voltage, the larger the signals will be. Usually, signals which are
produced when muons pass through the scintillator will be quite large. Signals which are produced
by other sources tend to be smaller. Since we are not interested in these types of signals, they are
usually called noise, and they get in the way of detecting the cosmic rays. We therefore want to
ignore these small signals and only count large signals from muons. To do this, the DAQ board
only accepts signals above a certain threshold, which is by default set to 300mV. Noise signals
will usually be below this, and so will be ignored by the card. However, if the control voltage is
set too low, then the signals produced by cosmic rays will be below the threshold, and so we will
not detect every particle which passes through. Conversly, if the control voltage is too high then
the noise signals will be above the threshold and so will be incorrectly counted as cosmic rays. At
the same time, operating at a high voltage puts a lot of strain on the PMTs, so to extend their
lifetime we need to operate at the lowest voltage possible while still detecting as many cosmic rays
as we can. To find this optimum control voltage we go through a process called “Plateauing the
counters”. The reason for calling it this will soon become apparent.

1.3 Finding the Plateau

In order to plateau a counter, you need to set up the detector with 2 counters, one on top of the
other. One will be the counter which you want to plateau, which we will call Counter 1, and the
other will be your reference counter, which we will call Counter 2.
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You can test the control voltage on each counter by plugging a digital multimeter (DMM) into
the PDU across the 0V (black) and control voltage (white) plugs. Each counter has a separate
plug for its control voltage. The control voltage can then be changed by turning the corresponding
variable resistor in the PDU.

Follow the steps below to plateau the first counter:

1. Set the control voltage across Counter 2 to 1V.
2. Set the control voltage across Counter 1 to 0.65V

3. Open up hyperterminal. Details of how to use hyperterminal can be found in the appendix
to this pack. Type WC 00 13, which will set up the DAQ board to look for coincidences
between the two counters.

4. Type TL 4 300 to set the threshold of all 4 counters to 300mV.
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The default Pipe Line Delay is 40nS, default Gate Width is 100nS.

Setup CHMD sequence for Pipeline Delay. CD, WT 1 0, WUT 2 nn (10nS/cnt)

Setup CHD sequence for Gate Width. CD, WC 2 nn{10nS/cnt), WC 3 nn (2.56uS/cnt)

Connected 00:01:15 Auto detect 115200 8-N-1

5. Type V1 to check that the last two commands worked.
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We now need to find out how many cosmic rays are detected in a minute. The DAQ board
starts counting as soon as the counters are plugged in. To start the counters again you can
use the command RB. Type RB and start the stopwatch at the same time.
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After one minute, type the command DS. This displays the counters on the board and tells
you how many cosmic rays have been seen. The numbers are all in a hexadecimal format.
The value of S4 is the number of coincidences, i.e. the number of comsic rays detected.

Type the value of the control voltage and the value of S4 into MS Excel. Use the hex2dec()
function to convert the flux into a decimal number.

Increase the control voltage across Counter 1 to 0.6V and repeat the process to find out how
many coincidences there are in a minute.

Repeat this until you reach a control voltage of 1.3V

Now use MS Excel to obtain a plot of counts per minute against control voltage.
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The plateau they obtain should be similar to the one above. We have noticed that the PMTs
are quite noisy, meaning you do not get a perfectly level plateau. It is also very sensitive to the
reference voltage used on the other counter. If the plot they obtain is rising too sharply then you
can try again with a slightly lower reference voltage.

Your plot should look similar to the one above. There should be very few counts below a certain
point, and when the control voltage is large enough that the signals are above the threshold, then
the counts per minute should increase. The counts per minute should level off when all the cosmic
rays are being detected. This levelling off is called the plateau. The operating voltage should be
set to the voltage just above where the plateau begins.

You can now plateau the other counters using Counter 1 as a reference counter. Set the control
voltage across Counter 1 to the optimum voltage found, and use it to plateau the other counters.



