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Abstract 
 Proportional counters utilize a gas chamber inside of an electric field to detect the 

products of the primary ionizing radiation (i.e. ions and freed electrons) with the gas. By varying 

the magnitude of the electric field by way of changing the applied voltage of the detector when 

examining a known source, detector efficiency at different Alpha and Beta particle energies can 

be determined along with the detector unit’s Alpha and Beta crosstalk (counts incorrectly 

identified) values. A Protean counting system was utilized to examine Carbon 14, Strontium 90, 

Chlorine 36, Promethium 147, and Lead 210 samples. Energy dependencies for all measured 

values were observed. Alpha efficiencies of the detector ranged from 0% to 0.00162% +/- 

0.000165% across the six observed samples. The Beta efficiencies varied by a much wider 

margin, between 6.16% +/- 0.292% to 44.81% +/- 4.97%. The alpha crosstalk values fell within 

the range of 21.47% 8847400%. Beta crosstalk was much smaller than the alpha crosstalk. The 

beta crosstalk values ranged from 0.00113% 465.8% for the Am-241 sample. Experimental 

uncertainty was determined to stem from the number of recorded alpha and beta counts, the 

provided initial activity of the sources, and the time between the initial measurement of the 

sources and the date of the experiment.  

 

Motivation 
Proportional counters can be used to determine the activity of sources emitting both 

alpha and beta radiation. By observing the alpha and beta plateaus as well as the counting 

efficiencies for both types of samples, proportional counter behavior can be better understood. 

This knowledge has practical application as proportional counters are commonly used in 

laboratories.   

 

Theoretical Background 
Proportional counters utilize a gas chamber to detect radioactivity. When Alpha, Beta, 

and Gamma radiation interacts with the gas in the counter, ions are created in the gas. By 

subjecting the gas chamber to an electrical field, some of the resultant ions (and freed 

electrons) migrate to the anode and cathode of the detector (figure 1). By increasing this electric 

field (via increasing the applied voltage), the energy of the free traveling electrons can be grown 

high enough to cause additional ionization in the gas chamber, known as ion cascades (or 

Townsend avalanches).   
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Figure 1: Simplified model of generic Proportional Counter [1] 

 

             Across a range of voltages, these detectors have several characteristic response 

regions (figure 2). The lowest voltage region, the recombination region, is characterized by an 

electric field that is not strong enough to prevent the initial ion pairs (produced from the direct 

interaction with radiation) from recombining. The ion saturation region, recombination of initial 

ion pairs occurs at an almost negligible rate. Only the initial ion pairs travel to the anode and 

cathode and contribute to the observed pulse; voltage changes in this region do not affect the 

amplitude of the collected pulse because the electrical field is not strong enough to induce an 

ion cascade. The third region, known as the proportional region, gas amplification (i.e. ion 

cascades) occur. In this region, the charge collected on the anode and cathode are proportional 

to the number of initial ion pairs. The limited proportional region the pulse amplitude is not 

directly proportional to the number of initial ion pairs, leading to observed non-linear changes in 

pulse heights. The Geiger-Mueller (GM) region is characterized by an electrical field that is 

strong enough to cause a large ion cascade cause a decrease in the electric field strength so 

that the ion cascade cannot continue. This weakening of the electric field is due to the very large 

number of positive ions created. 
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Figure 2: Pulse-height vs Voltage in a gas filled detector [2] 

  

             As has been established, charged particles that deposit energy into the gas 

chamber of proportional counters generate electrical signals; these detectors can be used to 

differentiate between alpha and beta particles based on the known common characteristics of 

the particles. This differentiation can only take place below the GM operational region. Because 

alpha particles are typically mono-energetic, the Differential Pulse Height Spectrum (DHPS) is a 

single, narrow peak. This DHPS peak translates to a plateau, due to the low penetrating power 

of the alpha particles and the relatively large dimensions of the detector’s gas chamber. 

Conversely, beta particles have a wide range of energy distributions and a large penetrating 

range. These characteristics lead to a DHPS peak that is much wider (and have a smaller 

maximum amplitude) than observed for alpha particles and a secondary plateau that is shorter 

and has a greater slope that the alpha plateau (figure 3). These plateaus can be used to identify 

operating voltages for the proportional counter, as these plateaus show regions where observed 

count rates will be stable. In general, a detector will be set to operate in the beta plateau when 

counting a sample with a composition that is unknown. A pulse height discriminator (pulses 

above a specified threshold value are sorted as beta particles, those below the threshold are 

sorted as alpha particles) can be used to differentiate between alpha and beta radiation. Source 

contamination and the possibility of multiple interactions can breed crosstalk-some alpha 

particles counted as beta particles. This crosstalk can be eliminated by counting in the alpha 

plateau. 
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Figure 3: Curves for both alpha and beta particle. LEFT: Differential Pulse Height Spectrum 

(DHPS) RIGHT: Counting Curve. [2] 

 

Additionally, activity of a source can be determined by equation 1 below. 

 

 (1) 

 

Where A(t) is the activity of the source at time t, A(0) is the initial activity, and λ is the isotope’s 

decay constant (where λ = ln(2)/(half-life of isotope)). The counting efficiency of the detector can 

be shown to be: 

 

Efficiency = [(cpm - background)/dpm] x 100% (2) 

 

Where counts per minute (cpm) come from the detector output and disintegrations per minute 

(dpm) are determined from the source (via Equation 1).  

 

Experimental Procedure 
This laboratory utilized the Protean counting system to make measurements and was operated 

by the console and computer monitor. To begin start up the sample changer track was occupied 

by a white plastic end plate and two carriers marked “Skip” on front. The samples were always 

loaded into the left-hand stack and the right-hand stack was never touched during the 

experiment. The mode on the console was set to PICNET mode with enabled communications.  

 

For initial plateau generation, carriers 1 and 2 were loaded with Am-241 and Cl-36 and placed in 

the left=hand stack. The white plastic end plate was placed on top of the stack. To begin 

calibration, the “CAL” button was pressed and “Detector Voltage Determination” was selected. 

The count time was set to 30 seconds. The stack was advanced to acquire the data from the 

Am-241 source. When the data collection cycle was complete, the “PIC Communicator” 

program was opened on the desktop computer. The instrument address was set to “PIC 1” 
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input, and the input type was set to “Plateau Data”. The plateau data for Am-241 was saved to 

the computer desktop. The plateau generation procedure was repeated for the Cl-36 source.  

 

Next data was collected for beta counting efficiency. The previous stacking arrangement was 

reset and loaded with the following order of samples: Routine 7, Carrier 1 (Am-241), Carrier 2 

(Blank), Carrier 3 (Pm-147), Carrier 4 (C-14), Carrier 27 (Sr-90), Carrier 17 (Pb-210). Then the 

white end plate was placed on top of the stack. Counting began by pressing the count button on 

the main screen of the Protean counting system console. The counting machine cycled through 

the entire stack and began counting the samples for 2 minutes each. The “Data Buffer” results 

were saved as output.  

 

Data Analysis 
The values from the counts as a function of applied voltage were graphed in Figures 4 and 5. 

These figures show the alpha and beta plateau energies. For example, in Cl-36 the difference in 

between the different beta emissions are shown in the step structure of the spectrum. However, 

for Am-241 the two alpha energy emissions 5.486 and 5.44 MeV are impossible to distinguish, 

and therefore appears as a smooth curve.   

 

 

Figure 4: Cl-36 Plateau  
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Figure 5: Am-241 Plateau 

 

The output values of the alpha and beta counts from the Protean Counting System were used to 

generate the values for the alpha and beta efficiency for each sample as shown below in Table 

1. The efficiency values were generated from equation 2.  

 

Efficiency = [(cpm - background)/dpm] x 100%   (2) 

 

Table 1: Alpha and Beta Efficiencies 

Sample Beta Efficiency % Alpha Efficiency %  

Carrier 3: Pm-147 
6.15913 

0 

Carrier 4: C-14 
12.8951 

0.00014437 

Carrier 16: Cl-36 
44.8133 

0.0029705 

Carrier 17: Pb-210 
9.8746 

0 

Carrier 27: Sr-90 
37.1206 

0.001621 
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The spillover of alpha counts registered wrongly as a beta count is known as “crosstalk”. This 

value was calculated for each sample by equation 3 and listed in Table 2. The value of beta 

crosstalk was also calculated for each source. For sources that there were no registered alpha 

counts the values for alpha crosstalk were not calculable. In Table 2, only the Am-241 source 

has a considerable crosstalk because the alpha and beta peak energies are so close to each 

other that it is harder to distinguish.  

𝑨𝒍𝒑𝒉𝒂 𝑪𝒓𝒐𝒔𝒔𝒕𝒂𝒍𝒌 =  [𝒃𝒆𝒕𝒂 𝒄𝒐𝒖𝒏𝒕𝒔/𝒂𝒍𝒑𝒉𝒂 𝒄𝒐𝒖𝒏𝒕𝒔] × 𝟏𝟎𝟎%                                     (3) 

𝑩𝒆𝒕𝒂 𝑪𝒓𝒐𝒔𝒔𝒕𝒂𝒍𝒌 =  [𝒂𝒍𝒑𝒉𝒂 𝒄𝒐𝒖𝒏𝒕𝒔/𝒃𝒆𝒕𝒂 𝒄𝒐𝒖𝒏𝒕𝒔] × 𝟏𝟎𝟎%       (4) 

 

Table 2: Alpha and Beta Crosstalk  

Sample Beta Crosstalk % Alpha Crosstalk % 

Carrier 1: Am-241 465.8486708 21.46619842 

Carrier 4: C-14 0.001130276 8847400 

Carrier 16: Cl-36 0.006584796 1518650 

Carrier 27: Sr-90 0.004401796 2271800 

 

Error Analysis 
The sources of uncertainty in this lab are the alpha count, A, the beta count, B, the initial 

activity, and the time from the measurement of initial activity to the experiment.  The uncertainty 

in A and B is the square root of said counts.  These uncertainties can be found in table 3 below. 
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Table 3:  Uncertainty in A and B 

  

 

The uncertainty in the initial activity is one half the smallest unit of measurement used, or 

.000005 uCi.  Converting this to disintegrations per minute, the uncertainty in initial activity is 

11.1 dpm.  The uncertainty in time between the initial measurement of activity and the 

experiment is also one half the smallest unit of measurement, or 30 seconds. 

 

The propagation of error equation is given by equation 5 below. 

(5) 

The count adjusted for background is found by subtracting the count by the count of the blank 

sample.  Therefore, the equation for uncertainty in the count adjusted for background is: 

 

 
and 

 
or 

 
and 

 
The uncertainties in the true alpha and beta counts can be found in table 4 below. 
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Table 4: uncertainty in A and B adjusted for background 

 
 

To find the activity at the time of the experiment, equation 1 was used.  As stated previously, the 

initial activity and time from measurement of initial activity to experiment both have associated 

uncertainties.  Therefore, the equation for uncertainty in activity is given by: 

 
or 

 
The uncertainties in activity found using this equation can be found in table 5 below. 

 

Table 5:  uncertainty in activity at time of experiment 

 
 

To find the count rate, the count adjusted for background is divided by the experimental time, 

which is assumed to have no uncertainty.  Therefore, the equation for uncertainty count rate is: 

 
or 

 
The count time in this experiment was three minutes per sample.  The uncertainty in count rates 

can be found in table 6 below. 

 

 

 

 

 

 



Table 6:  uncertainty in A and B count rates 

 
 

The efficiency is found using equation 2.  The uncertainty in the efficiency is given by: 

 
or 

 
The alpha and beta efficiencies can be found in table 7 below. 

 

Table 7:  uncertainty in efficiency in alpha and beta detection 

 
 

The alpha crosstalk was found using equation 3, and the beta crosstalk was found using 

equation 4.  So, the uncertainty in alpha crosstalk is given by: 

 
or 

 
and the uncertainty in beta crosstalk is given by: 

 
or 

 
The alpha and beta crosstalks can be found in table 8 below.   

 

Table 8:  alpha and beta crosstalks 



 

 

Results and Discussion 
The initial plateaus generated in the first part of the experiment are as expected - the Am-241 

results indicate only alpha radiation emitted while the Cl-36 results show an extra plateau 

because it is a beta emitter. 

  

 

The calculated alpha efficiencies are very low, none more than 0.01%. The calculated beta 

efficiencies are much higher, with none less than 6%. When compared to the beta max 

energies, no clear trend appears. These values are depicted in the following table: 

 

Table 9: Beta Max Energies 

Sample Beta % Beta Max [MeV] 

C-14 12.89 0.157 

Sr-90 37.12 2.28 

Cl-36 44.81 0.709 

Pm-147 6.16 0.224 

Pb-210 9.87 1.162 
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These are displayed in the following Figure 6. 

 

Figure 6: Beta efficiency vs. Beta max energy 

 

The Protean Alpha/Beta Counter operates primarily in the plateau range, where gas 

amplification occurs; the gas multiplication is linear, so the charge collected is proportional to 

the number of ion pairs created by the incident radiation and the detector readings show a 

plateau from beta radiation and a plateau from alpha radiation. Below this region, all ions 

formed by the radiation interaction are already collected, which prevents any gas multiplication 

caused by the applied voltage field. Above this region, the multiplication is nonlinear and the 

charge collected is no longer proportional to the number of ion pairs created, which makes it 

more difficult to differentiate between counts of alpha and beta radiation. Operating within 

plateau region allows the use of a pulse height discriminator to distinguish between alpha and 

beta radiation detected and ensures that the count rates will be stable. 

 

A proportional counter can be very useful in the field of radiation protection. A counter like the 

Protean Alpha/Beta Counter used in this lab is not portable and would not be taken out of a lab 

setting, but it could be used to be to measure the alpha and beta emissions of a something like 

a soil sample. It is important to be able to determine the radioactivity of soil before beginning 

construction to protect the health of people who will be working or living on that property. The 

counter can analyze the samples to determine the radiation emitted and to determine whether 

additional measures are needed to eliminate the radiation sources. 

  

The sources of error in this lab are the error in counts measured, the error in the initial activity, 

and the error in the time between the activity measurement and the experiment. The error in the 
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counts accounts for the probabilistic nature of the counts detected and corresponds to the 

standard deviation of the sample. There also some error in the activity of the samples measured 

by the lab staff and since the activity is used in calculations, the error in the activity will 

propagate to other values as well. There is also some error in the time between the activity 

measurement and the running of the experiment, which affects the calculations less than the 

other sources of error. 

 

Conclusions 
This experiment examined the use of a Protean Alpha/Beta proportional counter, which uses 

gas amplification in the proportional region to count and distinguish alpha and beta radiation. 

After first examining the Am-241 alpha source and the Cl-36 beta source to generate the 

plateaus, those two samples and four other samples were analyzed in this experiment and 

measurements of the alpha and beta radiation were taken. The alpha efficiencies found for the 

six different sources ranged from 0% for the Pm-147 and the Pb-210 samples to 0.00162% +/- 

0.000165% for the Sr-90 sample. The beta efficiencies found for the six different sources 

ranged from 6.16% +/- 0.292% for the Pm-147 sample to 44.81% +/- 4.97% for the Cl-36. The 

alpha crosstalk values ranged from 21.47 for the Am-241 sample to 8847400% for the C-14 

sample; the beta crosstalk values ranged from 0.00113 for the C-14 sample to 465.8% for the 

Am-241 sample. Sources of error in these experiments include the error in the counts detected, 

error in the calculated source activity, and error in the time between the activity measurement 

and the experiment, and these sources of error are included in the reported error values. 
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