
Physics 385-JK/PT  Counting Statistics 
 

Purpose: To examine the physics of ionization chamber detectors and to use such a device to 

make measurements to test the hypothesis that radioactive decay is a random process by 

comparing observed distributions of counts to the Poisson and Gaussian distributions. 
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Theory: 
For a random process that has two possible outcomes (e.g. an atom of a radioactive 

material either decays or does not decay during a given dwell time), the statistics of the process are 

described by the binomial distribution.   Two physically important limiting cases exist for this 

distribution.  First, if the average number of counts μ observed in a given time interval is small, 

then the Poisson distribution, PP(x), gives the probability of recording exactly x counts during any 

such time interval 
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where μ is the mean of this parent distribution.  Note that this distribution is defined only for 

non-negative integer values of x.  If the average number of counts μ is large (greater than about 10, 

in practice), the distribution of possible measurements (“x”s) becomes more symmetric and 

approaches the Gaussian distribution, PG(x) 
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where μ still represents the mean of the distribution.  Note that this is a single parameter Gaussian; 

the width of the Gaussian is not independent of the mean for this distribution.  Using the quantity σ , 

the square root of the variance of the distribution, to characterize the width (since FWHM = 

2.354σ), it can be shown that both the Poisson and the Gaussian distributions have standard 

deviations equal to the square root of the mean value for the distribution, i.e.      . (Since our 

samples are distributed according to one of these two theoretical distributions, this convenient 

statistical relationship allows us to approximate the standard deviation of a sample of data by the 

square root of the sample mean, i.e.      .  We can even use this to justify making a single 

measurement of x and assigning   as its ± uncertainty, as is done in some nuclear experiments. 

 

Procedure: 
The detector you use (a gas-filled Geiger-Mueller tube) will count gamma rays from a 

weak radioactive source you place near its window, as well as background counts from naturally 

occurring sources such as cosmic rays, radioactive rocks in the Earth, and radon gas.  In order to 

test the randomness of the weak radioactive source’s decay process alone, you should measure and 

subtract appropriate background levels from all of your measurements. The GM tube signal is run 

through a pulse inverter box (which contains an op amp set up in an inverting amplifier circuit 

powered by two 9 V batteries - remember to unplug these each time you leave lab!).  The inverted 

pulses are generally put into a multi-channel scaler (MCS), which can record the number of pulses 

received in a pre-set time interval (“dwell time”).  First, however, characterize the operation of the 



GM tube as a detector of radioactive decay events by examining the GM tube pulses on a fast 

oscilloscope (300 MHz or faster).  Apply a high voltage (also called a “bias”) to the GM tube (900 

V for the LND GM tubes) and put a gamma ray source in the tray below the tube.  Then zoom in on 

the pulses and draw a scaled graph of the scope traces, showing the pulse shape, height, and 

duration.  Check to see if the type of source you use (Cs-137, Co-60, Na-22) makes any difference 

in any of these quantities.  Then zoom out and, using one of the more active sources (5.0 or 10.0 

μCi Cs-137), draw a scaled scope trace showing the dead time and recovery time and measure their 

values with uncertainties.  Use this information to calculate the maximum permissible count rate 

for the detector (the number of counts per second at which you are on the borderline of missing 

some counts due to what is called “pulse pile up”).  You will need to understand this result for the 

next section, in order to avoid skewing your statistics by counting too fast.  (This will guide you in 

your selection of which source to use, one of the more active or one of the less active ones, and 

how far from the GM tube to place it.) 

Next, use the MCS software to record the distribution of observed counts for two different 

(fixed) time intervals.  Choose your dwell times to obtain two distinct distributions with different 

mean values (about 3 and 15 counts, depending on dwell time).  Since the computer does most of 

the work, be sure to obtain a very large number of measurements (“x”s) for each trial so that each 

distribution is well-defined (it’s easiest just to let the MCS take data for all 2048 channels available 

under the conversion gain heading in the Amp/HV/ADC Settings dialog box).  For each dwell time 

chosen, collect four trials; this will allow you to establish error bars for your graphs.  Also acquire 

a single data set for each dwell time in which you measure the background counts without a 

gamma ray source near the detector.  Be sure to subtract the mean number of background counts 

from each of your raw data values before further processing.  Use Origin to make frequency counts 

of the data from each trial, using the same min, max, and step size for all four trials at one dwell 

time.  Make sure that you choose bin ranges that result in integer bin centers, not half-integer ones.  

Combine the frequency count data for each dwell time to form a single graph, with data points 

equal to the means of the frequency counts in each bin and error bars formed using the standard 

error of those means.  When graphing, normalize your observations so that the vertical axis of each 

graph is a decimal value between 0 and 1, representing a ratio of the number of times you 

measured a particular x value divided by the total number of measurements you made in that trial.  

Graphed in this way, you will be able to compare your measured sample distributions to the parent 

distributions given above (i.e. probability P as a function of number of counts x measured). 

 

Analysis: 
Include a clear and complete analysis of your findings, paying special attention to 

addressing these issues and questions:  

Compare your experimental values for the means and standard deviations of your sample 

distributions with the theoretical expectation that       for Poissonian and for Gaussian data. 

For each sample distribution, make both a Poissonian and a Gaussian fit to the data.  (The Gaussian 

fit can be made using the non-linear curve fitting feature in Origin, with a user-defined 

one-parameter Gaussian function.  The Poissonian fit will probably have to be done using a fitting 

tool that understands factorials, since Origin’s curve fitting routines are not designed to 

accommodate discrete functions such as the Poissonian.  An example is found at the website 

http://faculty.vassar.edu/lowry/poissonfit.html, which links to a curve fitting tool.  Determine 

which model best fits each sample distribution.  Then, based on what type of function gives the 

best fit for each data set, add to each graph the corresponding theoretical curve (Poisson or 

Gaussian), using the mean of each sample (after background subtraction) as your theoretical value 

of μ. 


