PHY 252 Lab 8: Gas particle detectors

Spring 2008

This experiment has two main objectives. First, we will bmedamiliar with the characteris-
tics of the Geiger-Muller (GM) tube, including the propest of threshold, starting and operating
voltages, GM plateau region and plateau slope. Then we salthhe GM tube to perform a simple
statistical experiment for the purpose of studying somé@efteéchniques of statistical analysis.

1 Apparatus

The basic GM circuit diagram is shown in FI[g. 1. The power $yamd counter are one unit.
The GM tube itself consists of a cylindrical outer shell wheerves as a cathode and is on ground
potential. In the center it has an axially mounted wire sep\as an anode. The cylinder is filled
with an inert gas (typically Argon) at low pressure plus a Bm@anount of “quenching” gas (e.g.
ethyl alcohol).

A DC power supply provides a voltage across the tube in thgeaha few hundred to over a
thousand Volts depending on the requirements of the péatitube. Caution: The front window
of the tube is very thin and delicate and should never be tuaich
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Figure 1: Schematic for our gas-based particle detectariwtan be operated in the Geiger-Muller
mode.

Radiation entering the tube can ionize some of the gas athegby freeing electrons which
are accelerated towards the center wire by the electricdeliing enough energy to cause further
ionizations. The resultis a “cascade” or “avalanche” dff@tich produces a current pulse through
the tube. This current pulse causes a voltage pulse acresgdlstorR, which is then used to



trigger a counting device, recording the number of pulses.avé thus able to count the number
of ionizing particles entering the tube. There is, howererinformation about the initial particle
energy. An oscilloscope is connected to the system to albte visually observe the pulses from
the tube. The purpose of the quenching additive to the gas effectively absorb UV-photons
emitted from the electrodes when the ions produced in theiptichtion process impact on the
electrodes. Such photons may otherwise liberate secoetiEntyons (via the photo-electric effect)
which may initiate the avalanche process all over agaimetheleading to catastrophic breakdown
of the tube (e, a spark).

2 Procedure

1. Place a radioactive source near the GM tube. Note the tipgraltage listed on the tube.
Make an exploratory study of the effect of turning up the &gé across the tubéo not
exceed the operating voltage by more than about 100 V! Note the appearance of the pulses
on the oscilloscope and the behaviour of the counter.

2. Systematically increase the voltage in steps of about,5@avting at 500 V. Decrease the
step size as necessary to see the shape of the curve you phengraFor each voltage
setting, record and plot the counting rate (counts/secand)the pulse height as seen on
the oscilloscope. Determine the GM “threshold voltageé (tbltage at the beginning of the
GM plateau). Also measure tislope of the plateau (increase in counting rate per 100 V).

3. Arrange a source to give about 5-6 counts per 10 sec ihfperaaps room background will
give you sufficient counting rate). Record the number of tedhper 30 sec interval for as
many intervals as you can. Plot the number of counts per 3bht®wal as the abscissa and
the number of times that number of counts occurred as theateldf a graph.

Determine themean number of countsV and the standard deviatian The result should
approximate the “Poisson” distribution, for which the pabbity of observing/V counts in a given
time interval is given by

~N NN
N!
Compare your graph with this expression. Also compare yesults with Fig[R.

P(N) = with o = VN. (1)
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Figure 2: Gain of a gas-based particle detector as a fundfimoltage. The curves are for-
particles (He nuclei) and-particles (electrons). Note the three regions of opematis an ()
ionization counter, (II) proportional counter, and (1V) iGer-Muller counter. The exact voltage
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