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 ANTICOINCIDENCE LOW LEVEL COUNTING 

 

Introduction 

 
This is the only experiment in this series which involves a multi-detector system. The low-level 
electronics used was constructed at McMaster by Mr. K. Chin, and performs the task of 
identifying time correlated events between the two detectors of the system referred to as the 
(central) detector and the guard detector.  The guard detector is a much larger hemispherical 
GM detector with a thimble-shaped insertion in which the central detector is situated as shown in 
Fig. 1. 
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Fig. 1. Arrangement of the central and guard detectors. 

 
The background which limits the ultimate sensitivity of any counting system consists of two 
components, one terrestrial and the other extra-terrestrial in origin.  The second of these is 
generated by the interaction between atoms in the upper atmosphere and very high energy nuclei 
referred to as cosmic rays, predominantly protons.  The interaction results in the production of 
cascades of secondary products as well as shorter-lived radioactive species such as 14C.  At sea 
level the secondary products are mainly electrons and -mesons, with energies extending to 
several hundreds of MeV.  The observed rate of these secondary particles is found to diminish 
when detectors are shielded with increasing thicknesses of lead up to approximately 10 cm.  
Additional shielding has little effect, however, due to the great penetrability of the muons. 
A high energy charged particle event may be identified in this system by the fact that it is 
capable of traversing the guard detector, depositing some energy, and then interacting with the 
central detector.  Since the particle is travelling at the speed of light, the two interactions are 
essentially simultaneous.  Thus among the set of pulses generated by each detector is a subset of 
time-correlated events.  In the attached time spectrum is shown the measured time-interval 
distribution for this system generated by cosmic events. The vertical axis is the relative 



probability of a coincidence event, and the horizontal axis is the difference in the time of 
occurrence between the guard-detector pulse and the central detector pulse.  Thus physically 
instantaneous events may occur with both a spread in the time intervals and with a net time shift.  
It is thus necessary to add artificial delays in each channel to make up for such counter-induced 
shifts.   
 
When correlated events are shifted so that on the average they are brought into coincidence, the 
system is said to be aligned.  This procedure is demonstrated in the system test mode, using an 
artificially generated pulse injected into both the background pulses, the low event rate makes 
this tedious.  It should be remembered that in general the alignment of a system on a test pulse 
only takes into account delays introduced by the electronics, not the detectors. 
 
Preparation of the Sample 
 
It is typical that in radioecological studies, the substance to be assayed is often largely organic.  
In this case we use as an example powdered vitamin.  Carefully weigh out a sample in a crucible, 
using a sample weight of approximately 2 g.  Transfer a weighed quantity to a standard planchet 
for counting. 
 
Experimental Procedures 
 
1. The block diagram of the coincidence and anticoincidence circuits is shown in Fig. 2. 

Turn on the electronics unit. Connect the guard comparator output to the oscilloscope 
external trigger input and trigger positively.  Connect the Y1 and Y2 outputs to the guard 
and detector delayed outputs, and set the sweep to 10 sec/cm, the gain at 2 V/cm.  
Observe the effect of varying the delay potentiometers.  Calibrate the delay setting in 
sec by plotting graphs of the pulse positions vs. potentiometer readings. 
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Fig. 2. Block diagram of the coincidence and anticoincidence circuits. 

 
 



2. Set the guard delay potentiometer to 5 and note the detector delay settings at which the 
detector pulse is aligned with the leading edge, trailing edge and center of the guard 
pulse. 

 
3. Connect Y2 to the coincidence output.  Vary the detector delay settings, and note the 

extreme settings at which the coincidence pulse exists.  Repeat for the anti-coincidence 
output, noting the range for which an output does not exist. 

 
4. Connect the anti-coincidence output and coincidence output to the signal inputs of the 

two counters provided.  CAUTION - make sure these connections are to the lowest of 
the 3 input connectors before proceeding.  Turn on the high voltage on the upper unit.  
(The 700 V adjustment is preset).  Set the test switch down and the detector delay 
potentiometer to the central position observed in part 3.  Begin a count of the 
background, using a counting period of at least 30 min.  Go on to part 5. 

 
5. Weigh the corrugated counter planchet provided.  Add a small amount of K2CO3 powder 

(»100 mg) to the central region of the planchet, being careful to keep the powder in the 
two central rings.  Count this sample for at least 30 min. 

 
6. Repeat for the vitamin. 
 

Questions 

 
1. What is the time resolution of the system and what determines it? 
 
2. From the time interval distribution attached, comment on the advisability of using a 

resolving time 5% of the above. 
 
3. From the results of part 4, calculate a) the sea level cosmic ray flux and b) the cosmic ray 

percentage contribution to the total background. 
 
4. Calculate the half-life of 40K, given that its isotopic abundance is 0.012% and the decay 

modes are 89%  emission and 11% electron capture.  You will have to estimate the 
efficiency.  The source-to-detector distance is 15 mm. 

 
5. From the counting rate of the vitamin, determine the activity concentration (Bq/kg).  
 



 

 

 

 

 


