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Abstract: In this article, we discuss the experimental absorption of 

radioactive light radiation on various materials using Geiger Muller. Under 

certain conditions, Geiger Muller can be used to determine the absorption 

coefficient of a material. The radioactive rays observed in this experiment are 

gamma rays. Gamma rays are radioactive rays that have no charge so they 

cannot be deflected by magnetic or electric fields and have the greatest 

penetrating power. We made several important results on experimental studies 

of the absorption of gamma radiation passing through matter. Our results 

relate to the trend of the unexpected, measured intensity of radiation versus 

the thickness of the absorber, which confuses students and cannot be explained 

by many laboratory assistants. Finally, we believe that a distribution function 

is an effective tool for examining the contribution of the build-up factor in the 

Geiger Muller calculation of the measured radiation intensity. 
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1.  Introduction 

In the physics education laboratory at Syiah Kuala University, one of the experiments 

conducted by students focused on studying the exponential decrease of gamma radiation 

through material detected using a Geiger Muller counter (Bhowmik, 2011). By measuring 

the intensity of such gamma rays, students can derive linear gamma attenuation 

coefficients at constant energies in lead and other materials such as aluminum and zinc 

(Costa & Muleri, 2014). Although the experiment seems simple, systematic deviations 

from the exponential law occur during the measurement (Susila et al., 2019). As a result, 

the measured linear attenuation coefficient deviates significantly from the theoretically 

predicted value (Bahrum et al., 2020). It appears here that the differences observed are 

caused by photon stacking (Hamdani et al., 2022), a phenomenon well-known among 
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nuclear engineers and medical physicists, but one that is often overlooked in lecture-

laboratory experiments. 

The intensity (I) of radiation passing through the absorber is expressed by the 

exponential law, I = I0 exp(−µx), where I0 is the intensity incident on the tin material 

(Goiffon et al., 2009), µ is the linear attenuation coefficient at certain energy and x is the 

thickness of the absorber material (Halim, 2012). In our experiments, the dominant effect 

that occurs in the attenuation of gamma rays is Compton scattering (El-Amin & Saad, 

2017). However, the exponential decline rate assumes that only un-sceptered photons can 

reach the detector, whereas each Compton scattering event results in a loss of photons 

(Artiani et al., 2019). 

More photons made it through. This is also a problem in high-energy gamma-ray 

radiation events, due to the Compton effect. Photons do not disappear but are simply 

scattered by electrons or effects which are like two billiard balls colliding with each other 

with a loss of energy (Prayogi et al., 2021). As a result, some of the scattered photons can 

eventually reach the detector outside the tin sheet. This phenomenon is called photon 

stacking and the factor imposed on the number of photons passing through the barrier is 

the scattering factor. This factor increases with the thickness of the absorber and is 

opposite to the exponential decay of the photon 

2.  Experimental Method 

Experiments were carried out using the Geiger Muller detector. The working principle 

of this detector is that if radiation enters the tube from a radiation source, the radiation 

will ionize the gas filling. Because there is a voltage difference between the cathode and 

the anode, an electric field will arise between the two electrodes (Zainuddin et al., 2022). 

Positive ions (+) will move to the wall of the tube at a relatively slower speed than the 

electrons moving towards the anode where the speed of motion depends on the given V. 

With relatively high energy, the electrons will be able to ionize the surrounding atoms, 

giving rise to electron pairs of secondary ions, tertiary ion pairs, and so on, resulting in a 

continuous discharge as shown in Figure 1.  

 
Figure 1. Schematic of the photons emerging from the source (black arrows) can reach 

the detector without scattering, scatter in different directions, or be scattered away from 

the detector (red arrows) and towards the detector (green arrows). 
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The gamma rays we use go through a 60Co radioactive source. The 60Co radioactive 

source emits two gamma rays with energies of 1.173 MeV and 1.325 MeV, which in that 

energy range interact with matter primarily through Compton scattering. Because there 

are two different characteristic energies emitted, in our experiments we used a 60Co 

radioactive source with an energy source of 1.25 MeV. The detector used is a Geiger 

Muller counter. In the seat between the radioactive source and the detector, we insert an 

absorbent sheet, which is lead, so it has a linear attenuation coefficient of µ = 0.0667 

mm−1. 

This experiment was carried out using tools and materials such as a counter which is 

used to see the output of chopped radioactive sources, the Geiger Muller detector is used 

as a tool to detect the magnitude of the radiation source coming out of the radioactive 

source material, the stative is used to clamp the detector which is installed right above the 

radioactive source with a certain distance, a ruler is used to measure the distance between 

the detector and the radioactive source, the space holder is used to place the radioactive 

source which can be varied in the distance, the stopwatch is used to calculate the time of 

enumeration of the radioactive source as shown in Figure 2. 

 
Figure 2. The equipment and materials used in the experiments 

3.  A subsection (Subsection style) 

The experiment we did was repeated several times. During the measurements, we 

recorded Geiger Muller numbers for constant time intervals of 2, 3, 4, and 10 minutes. In 

the first case we use the lower source, the results after subtraction of the background, are 

given in Table 1. 

Table 1. Geiger Muller calculations of five experiments (minus background) 

Time interval 

(minutes) 

Lead 

thickness 

(mm) 

 

0 

 

3.29 

 

6.50 

 

9.97 

 

13.44 

 

15.10 

 

16.93 

 

18.76 

2 Exp 1 121 103 88 72 51 56 68 68 

2 Exp 2 156 121 104 96 83 77 72 75 

3 Exp 3 223 174 159 133 113 100 101 103 

4 Exp 4 294 234 213 174 149 138 141 146 

10 Exp 5 750 610 523 445 367 357 332 339 

  

Due to the simple law of exponential attenuation, one would expect that the plot of 

ln(I) vs x (thickness) is a descending straight line. This was not the case, as in this 
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experiment, which we analyzed can be seen in Figure 3. In experiment 1 (exp 1) the last 

two points did not show any decrease but on the other hand, the other experiments showed 

a rapid increase. Similar graphs are produced at exp 2 to exp 5, where more calculations 

are aggregated across most measurements to reduce statistical error and to clarify the 

results obtained. It was found that the radiation increased rather than decreased because 

by using more lead, the detector should have counted less but it did not (Prayogi et al., 

2022). Therefore, the detector is not working properly. Even if tried by fitting a straight 

line through the first four or five trial points on the graph, according to the law of 

exponential decay mentioned above, the expected value of µ cannot be obtained. 

 
Figure 3. Results of Geiger Muller measurements after subtracting the baground of 

detected radiation versus lead thickness on a semi-log scale for (a) experiments 1 and 

(b) experiments 2–5 where a larger source was used 

We have tried to investigate this event using the frequency distribution of the quantities 

recorded for each absorbent thickness. We focus on exp 2, but the conclusions hold on an 

equal footing to the other experiments. As observed in Figure 4(a), the plot of the 

frequency of the source radiation recorded by the detector without absorption yielded a 

single mountain-shaped peak, as expected from radioactive decay Poisson statistics. 

 
Figure 4. Frequency distribution of calculations for cases (a) without absorbent, (b) 

with 13.44 mm thick lead absorbent, and (c) with 16.93 mm thick lead absorbent, under 

experimental conditions 2. The background is not reduced. Theoretical Poisson 

distribution (red curve) for each experimental mean (mv) value is plotted for 

comparison 
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Here we find that this condition also holds for the number of repetitions of 

measurements made. In contrast, this condition does not occur when the lead is placed 

between the 60Co source and the detector (see Figure 4(b)). With a 13.44 mm thick lead 

absorber, the frequency distribution deviates from Poisson and has an increased 

probability of appearing at higher counts. We believe that with a 13.44 mm thick lead 

absorber, the frequency distribution deviates from Poisson, and the probability increases 

at higher counts. The same thing also applies to Figure 4(c). 

Table 2. Estimated thickness factor values for 60Co gamma rays through lead 

Lead thickness 

x (mm) 

0 3.29 6.50 9.97 13.44 15.10 16.93 18.76 

B (µx) 1.1 1.07 1.16 1.22 1.34 1.39 1.43 1.49 

 

We assume that the weak radiation falling into Poisson statistics is an unerring 

assumption. Also, because of absorption and consequent lower sums and mean values 

(mv), the distributions in Figure 4(b) and (c) become much narrower than the Poisson-

like distributions in Figure 4(a). In this case, the attenuation measurement to consider the 

square root of the measured count as the error of the radiation obtained based on our 

findings, we suggest that such experiments be carried out with caution. 

The frequency distribution can also be helpful in explaining the difference in Figure 3 

from the law of simple exponential decay by making use of simple calculations. 

According to the law of exponential decay, we get ln(I2) − ln(I1) = −µ (x2 − x1), where Ii 

and xi are the intensity and the corresponding thickness values. Then, using the average 

distribution values in Figures 4(b) and (c) (mv16.93 and mv13.44, where the index 

corresponds to the tin thickness) corrected for background 25 counts, we obtain ln 

(mv16.93− 25) − ln(mv13.44−25) = −µ (16.93− 13.44). However, according to this 

relationship, the linear attenuation coefficient will be obtained as it approaches 0.0366 

mm−1, which is much smaller than the value obtained. This reveals that thicker materials 

can result in additional counts. 

The deviation of the frequency distribution of the number of photons measured by the 

absorber from Poisson statistics is caused by secondary photons, which mainly arise from 

Compton scattering events from the main beam in absorption reaching the detector 

(Nicholls et al., 2017). If no stacking effect is obtained and Poisson statistics can be 

applied, the law of the exponential decrease of radiation through matter will be more 

easily produced (Kandlakunta et al., 2022). However, because the phenomenon that 

occurs is a straight-line graph of the logarithm of the incident radiation versus the 

thickness of the absorber it becomes less clear (as in Figures 2 and 3). Of course, to choose 

the thicker Pb absorbent sheet to smooth out the extreme irregularities, but again the graph 

appears as a dotted line, which includes a steep section for small thicknesses and a shallow 

section for larger absorbent thicknesses. 

https://dx.doi.org/10.20961/jphystheor-appl.v7i1.70138


Journal of Physics: Theories and Applications E-ISSN: 2549-7324  /  P-ISSN: 2549-7316    

J. Phys.: Theor. Appl.  Vol. 7 No. 1 (2023) 45-52 doi: 10.20961/jphystheor-appl.v7i1.70138 

 

50 Understanding of the Experimental Concept of Radiation… 

 

 
Figure 5. The results of Geiger Muller's calculations in experiment 5 (blue circle) 

versus the value obtained after adding the stacking factor (black point) and the law of 

exponential decay (red line). 

We have tried to account for the contribution of build-up effects using the simple 

model I = B(µx) [I0 exp(−µx)] for the thickness and intensity values of experiment 5. 

Here, we use approximate values of the build-up factor (as shown in Table 2) taken from 

the experimental chart. The intensity values derived by the model equations are plotted 

in Figure 5, together with the experimental ones and the resulting theoretical exponential 

decay law (red line). The importance of the corrected value due to the inclusion of the 

build-up factor is in good agreement with the experimental results (Prayogi et al., 2022). 

More accurate build-up factors can be used but are only available at cost from the 

American Nuclear Society. It is proved that the experimental setup and model equations 

can be used for the study of gamma-ray attenuation and photon stacking in the laboratory. 

4.  Conclusion 

In conclusion, this investigation underscores that while the distribution function 

(frequency versus Geiger Muller measurement) for the decay of a radioactive source is 

well described by Poisson statistics, this is not the case when an absorber is present. In 

this case, because of the build-up factor, the distribution function assumes a distorted 

width structure to a higher value than it produces and makes applying simple Poissonian 

statistics an approximation. This results in (i) larger errors in the Geiger Muller 

measurements, (ii) larger errors in the linear attenuation coefficients, and (iii) a systematic 

decrease in the average value of the attenuation coefficients. Finally, we believe that a 

distribution function is an effective tool for examining the contribution of the build-up 

factor in the Geiger Muller calculation of the measured radiation intensity. This 

experimental device, although impractical, can be used to investigate radioactive rays 

very effectively. As build-up factors depend on the nature, construction, and strength of 

the radioactive source, absorbent material, thickness, and geometry as well as the 

presence of shielding relative spacing between various parts of the arrangement and other 

factors. 
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