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 INTRODUCTION 

Nuclear alpha counting system for air monitoring samplers does not subtract accurately the contribution of 

Radon Daughter Progeny (RDP) background in most cases, and a delayed counting is needed to overcome 

the RDP contribution
(1)

. Others RDP background reduction methods use prior information on the RDP 

background, and requires that measurements of the artificial isotopes should be conducted under the same 

calibration conditions. 

The pseudo coincidence counting method is using a serially occurring events of the beta decay of the 
214

Bi 

followed by alpha decay of the 
214

Po that accurse almost simultaneously (T1/2=164 µsec), to detect the 

Pseudo Coincidence Event (PCE) from the RDP, and to subtract them from the gross alpha counts. The 

Radon Daughter Progeny decay series is shown in fig.1. 

 

 
Fig.1: Radon daughter progeny decay series. 

 

The aim of this work was to develop and to optimize an Alpha Beta Pseudo Coincidence (ABPC) counting 

method for real time RDP background reduction, including subtracting the 
218

Po contribution, based on a 

solid state silicon PIPS detector. 

   

MATERIALS AND METHODS 

A PCE experimental system was developed consisting : a single solid state silicon PIPS detector for alpha 

and beta detection, amplification unit, identification and stretching beta pulse circuit, identification and 

shaping alpha pulse circuit, PCE circuit to capture sequence of beta→alpha decay,  and measurement 

modules and data processing. The electronics system diagram is shown in Fig. 2.  

The nuclear analog pulses obtained at the output of the detector (PIPS), due to alpha/beta particles, are 

amplified and delivered to the energy discriminator circuit that transfer and shapes the nuclear pulses of the 

alpha/beta particle. The shaped beta pulses are delivered to PCE circuit which opens a narrow time gate 

(hundreds of µs) so any detected alpha event that occurs in this time window is supposed to be originated 

from RDP and considered as a background to be subtracted from the total counts obtained from alpha 

emitting (TOTAL alpha) by the Measurement and Processing Modules obtaining the net isotope activity. 
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Fig 2-Diagram of the electronics system. 

 

 

EXPERIMENTAL AND RESULTS  

1. Background measurements  

One hour background counting cycles were performed with a clean filter for 24 hours. The average 

background was 0.05 ± 0.012 cpm for the alpha channel, and 5.00 ± 0.129 cpm for beta channel and 0.00 

cpm for PCE channel. 

 

2. Accuracy of the PCE system 

An air filter that was adsorbed with RDP
(3)

 was combined with a 22 Bq of  
238

U calibration source, and was 

counted for 4 hours by the PCE system. Fig.3 shows the total alpha counts without the RDP reduction, and it 

can be seen that after four hours the counts rate is mainly due to the 
238

U emission obtaining an average 

value of 525±20 cpm . The "Net ALPHA counts" in fig.3 represent the total alpha counts after the subtraction 

of the 
214

Po background counts using the PCE method. According to fig.3, it can be seen that after 20 

minutes, a good match between the true value of the 
238

U calibration source and the net alpha count rate was 

achieved. Until the 20th minute it can be notice the influence of 
218

Po on total counts, due to the fact that the 

PCE system do not reduced a non PCE. After 20 minutes the 
218

Po was strongly decayed, and its contribution 

became negligible. 

 

 
Fig 3 - Counting of

  238
U source combined with RDP air filter adsorbed. 

 

In order to examine the effect of a non RDP beta emitter source on the PCE circuit, which can produce a 

false PCE, combined filter adsorb with RDP and a 
90

Sr calibration source was used. The results showed that 

there is an over compensation of the PCE system in the first 40 minutes, due to the false random coincidence 

events of the alpha emitted by the 
218

Po and the beta events emitted by the 
90

Sr source.  

In order to determine the false PCE due to a non RDP alpha source, a check was performed with a high 

activity 8.6 kBq alpha source to test its effect on the output of PCE circuit. Table 1 shows that the of false 

counts percentage obtained at the output of the PCE circuit were smaller than 0.1%. The results show that the 

PCE circuit was not influenced by non RDP alpha emitters.  
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Table 1 - False counts of the PCE circuit 

False PCE 

[%] 

False PCE 

[counts] 

TOTAL α 

[counts] TIME CNT 

0.06 97 164681 1min 

0.06 108 166190 1min 

0.07 124 166258 1min 

0.06 3155 4966335 30min 

0.06 3115 4965819 30min 

0.06 3165 4972584 30min 

 

3. Improving the PCE method by real time 
218

Po subtraction 

The PCE reduction subtracts only the alpha emission due to the 
214

Po decay, and cannot compensate the 

alpha contribution due to the 
218

Po decay which is dominate at the first 20 minutes after the air filter removal 

from the air sampler. In order to overcame this limitation, mathematical matching calculations was made 

with the 
214

Po and the 
218

Po decay equations No. 1 and 2 respectively
(4,5,6)

, the total counting rates of the 
218

Po+ 
214

Po, and the 
214

Po count rate after the 20th minute, obtaining the APo214(0) and the APo218(0).     

 

(1)  

Where,  represents the initial activity of 
214

Po at time zero (t=0);  represents the 

activity of 
214

Po at time t; 
14

3 sec103097.4  and 
14

4 sec108040.5   are the decay constants for 
214

Pb and 
214

Bi respectively
(5)(6)

: 

 

(2)  

 

 Fig. 4 shows a good matching of the total measured count rate "TOTAL PO218+PO214 MEASURE" with 

the calculated decay curve "
214

Po CALCULATE" and the "
218

Po CALCULATE2". Fig. 4, shows the 

calculated decay curve using the equation 2.  

From several different measurements, a constant ratio of 1.4 of APo214(0) / APo218(0) was obtained. This ratio 

can be used in order to estimate the count rate of the 
218

Po  at the first 20 minutes, and subtract it from the 

total count rate in order to obtain a correct RDP reduction, ,"NET COUNT", as shown in  Fig. 4.  

 

 
Fig 4 - Decay curve of 

218
Po, 

214
Po measured against calculated. 

 

CONCLUTIONS 

The ABPC method is using a serially occurring events of the beta decay of the 
214

Bi fallow by alpha decay of 

the 
214

Po that take place almost simultaneously to detect the Pseudo Coincidence Event (PCE) from the RDP, 

and to subtract them from the gross alpha counts. 
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This work showed that it is possible to improve the efficiency of RDP background reduction, including 

subtracting the 
218

Po contribution by using the ABPC method based on a single solid state silicon PIPS 

detector. 

False counts percentage obtained at the output of the PCE circuit were smaller than 0.1%. The results show 

that the PCE circuit was not influenced by non RDP alpha emitters. 

The PCE system did not reduce the non PCE of the  
218

Po. After 20 minutes the 
218

Po was strongly decayed, 

and its contribution became negligible. In order to overcome this disadvantage, a mathematical matching 

calculations for the 
214

Po and the 
218

Po decay equations were employed, and a constant ratio of the APo214(0) / 

APo218(0) was obtained. This ratio can be used to estimate the count rate of the 
218

Po  at the first 20 minutes, 

and to subtract it from the total count rate in order to obtain correct RDP reduction. 
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