
Experiment No. 3 

The investigations of nuclear decay via coincidence technique 
Introduction to Nuclear and Elementary Particle Physics Theory (laboratory) 

The aims of the experiment: 

1. To learn a coincidence detection of gamma quanta technique 

2. Check that in the 60Co decay there are two gamma quanta emitted within very short time interval. 

Literature: 

1. H. A. Enge, „Introduction to nuclear physics”, Addison-Wesley Publishing Company, Reading, 

Massachusetts 1978. 

To be learned before the experiment: 

1. The decay of 137Cs and 60Co (decay type, emitted particles, energies of gamma radiation). 

2. The scintillation detector (the scintillation process, the photomultiplier work, efficiency of detec-

tion, energetic resolution). 

3. Coincident measurements (the dependence of random coincidences on the coincidence resolving 

time). 

Experimental setup: 

The experimental setup consist of two scintillation detectors, coincidence block and counters. 

The detectors are shielded with lead to decrease the influence of the natural background. The pulses 

from the detectors are passed to coincidence system. The output of coincidence system is connected 

to one of the counters. 

 

  
Figure 1. The photo and the scheme of experimental setup used during the experiment no. 2. 

 

Table 1. Basic parameters of the 137-Cs isotope. 

Decay 

type 

Half-life 

(T1/2) 
Main γ radiation 

energy 

No. of γ quanta 

per 100 decays 

Total activity 

on 01.12.1999 

β- (30.17 ± 0.03) 

years 

662 keV 85.2 5.5·106 Bq 

 

 

Table 2. Basic parameters of the 60-Co isotope. 

Decay 

type 

Half-life 

(T1/2) 
Main γ radiation 

energies 

No. of γ quanta 

per 100 decays 

Total activity 

on 03.04.2006 

β- (1925.20 ± 0,25) 

days 

1.1732 MeV 

1.3325 MeV 

100 

100 

5.352·105 Bq 



The plan of the experiment 

1. Find such values of discrimination thresholds for both scintillation detectors that the probes rec-

ord an average of 150-200 counts per second. 

2. Take the background measurements to determine the value of IT. 

3. Set the 137Cs source in the setup. 

4. Measure the numbers of counts within 100 s time interval. 

5. Measure the coincidence counts for different resolution times (0.2, 0.5, 1, 2 and 5 microsecond) 

in 200 s time interval. 

6. Set the 60Co source in the setup. 

7. Perform the same measurements as for 137Cs. 

Data processing  

1. Make average of multiple measurements and calculate its accuracy. 

2. Recalculate all results as the number of counts per second. 

3. Plot the figure for 137Cs and 60Co data in function of coincidence resolving time. 

4. Compare the measured frequency of coincidences with theoretical predictions. 

5. Determination of the 60Co source's activity on the day of measurements. 

6. Discuss the obtained results and formulate conclusions. 

 

Radioactive decay can be a multi-stage phenomenon. It happens when, the resulting nucleus is 

not stable and undergoes further decay in a very short time. This phenomenon is called a cascade 

decay. This transition is associated with the emission of several radiation quanta. Their registration 

in a short period of time can be used to determine the activity of the radioactive source (coincidence 

method). 

The essence of the coincidence method is registration in a very short time interval, by two in-

dependent counters, of  quanta as evidence of a cascade transition. 

The 60Co radioactive source decays with the simultaneous emission of quanta with slightly dif-

ferent energy values. The number of pulses that the scintillation probe registers per unit of time is 

given by the formula: 

𝑁 = 𝑘1𝐴Ω + 𝑘2𝐴Ω, 
where A - source activity, Ω - relative solid angle at which the active area of the detector is seen 

from the source, k1, k2 - detector efficiency coefficients for quanta with energies E1 and E2. Assum-

ing that the efficiency of both detectors is approximately the same for quantum with energy E1 and 

E2 (k ≈ k1 ≈ k2) due to the small difference between these energies, each detector will register N1 and 

N2 pulses: 

𝑁1 = 2𝑘1𝐴Ω1; 𝑁2 = 2𝑘2𝐴Ω2. 
Quantum emission from a 60Co source is weakly angular correlated, so it can be assumed that 

the quantum emission associated with the first cascade transition to a specific solid angle is inde-

pendent of the quantum emission associated with the second transition to the same solid angle. 

Thus, the probability of their simultaneous registration (coincidence) is proportional to the product 

of solid angles and the efficiencies of both detectors. Thus the number of coincidences is equal to: 

𝑁𝑐 = 2𝐴𝑘1𝑘2Ω1Ω2. 
So source activity is expressed by the formula: 

𝐴 =
𝑁1𝑁2

2𝑁𝑐
=

𝑁𝑟𝑐

4𝑁𝑐𝜏
. 

During the analysis, it should be remembered that the coincident system may register so-called 

random coincidence, which is a consequence of the finite resolving time of the system τ. Suppose 

the pulse from one of the detectors reached the coincident system. If a pulse comes from a second 

detector during Δt < τ, they will be registered as a coincidence even when they are not from the 

same cascade decay. 



If the first detector registers N1 pulses, the coincidence system is activated for the time N1τ. 

The number of pulses that can be registered by the second detector at this time is equal to N1N2τ. 

Because the pulse registered by the second detector can be ahead of the pulse in the first detector, or 

be delayed relative to it, hence the time during which coincidence can be recorded is 2τ. So the fre-

quency of coincidence for one pair of detectors is equal to: 

𝑁𝑟𝑐 = 2𝑁1𝑁2𝜏. 
In addition to random coincidence from the source, there may be random coincidence of back-

ground radiation quanta (Nbc). Under typical measuring conditions, the background coincidence 

frequency is much lower than the frequency of random coincidence. 

Finally, the frequency of real coincidence originating from the source is calculated by subtract-

ing the frequency of random coincidence and the background coincidence frequency from the 

measured frequency of coincidence. 

The report: 

The report should contain:  

1) Introduction. The short description of the experimental method, the short description of theo-

retical predictions (no more than one page).  

2) Experiment. Show the scheme of the experiment, describe how it was performed and show the 

results. 

3) Discussion. Describe data processing procedure and show the results. Discuss the accuracy of 

obtained experimental numbers. Discus the results in comparison with theoretical predictions. 

4) Summary. Write short summary showing what was done, what are the results and what con-

clusions were found.  
 

It is forbidden to copy to the Report any part of the instruction to the experiment. 
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