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ABSTRACT 

Test of the nonexponcntial deviations from decay curve 
of -2V using continuous kinetic function method. Tran Dai 
Nghiep, Vu Hoang Lam, Vo Tuong Hanh, Do Nguyet Minh, 
(Institute of Nuch'Lir Science and Technology): Nguyen Ngoc 
Son (Institute of Physics). Preprint VAHC - A - 022. Vietnam 
National Atomic Hnergy Commission, 1993 

The present work is aimed at a formulation of an 
experimental approach to search the proposed 
nonexponential deviations from decay curve and at 
description of an attempt to test them in case of 52V. 
Some theoretical description of decay processes are 
formulated in clarified forms. The continuous kinetic 
function (CKF) method is used for analysis of 
experimental data and CKF for purely exponential case is 
considered as a standard for comparison between 
theoretical and experimental data. The degree of 
agreement is defined by the factor of goodness. Typical 
deviations of oscillation behavior of 52V decay were 
observed in a wide range of time. The proposed deviation 
related to interaction between decay products and 
environment is researched. A complex type of decay is 
discussed. 

Vietnam National Atomic Energy Commission, Hanoi (Vietnam), 1993. 



The classical theory of the exponential decay is based on the 
assumption that radioactive nuclei have a certain probability of 
undergoing decay and that this probability does not depend on the 
past history of the individual decaying nuclei. However numerous 
theoretical work have pointed out that the exponential nature of the 
radioactive decay law is only an approximation. It has summarized 
by Fonda and Gopych [1,2]. According to these work, deviations 
from purely exponential behavior are expected at very short and very 
long time compared with the lifetime of the decaying system. 
However some other authors showed that the exponential decay law 
is only one of a discrete set of possible decay laws and that 
nonexponential effects of this type could occur at any time [3]. 

Experimental efforts on this subject have been performed by 
several authors and have summarized by Nicolaev and Gopych [2,4]. 
Such researches have been carried out recently by Gopych et al. [5] 
and Noiman et al. [6] for radionuclides 1 ^ m I n , ^ C o and ^Mn. in 

these work the experimental data were analyzed by direct fitting with 
certain proposed functions. One way to parametrize such decays has 
been given by the function [5,7] 

N(t) = No cxp(-tA) [1 + asin (pt / x)} , (1) 

where x is lifetime of the decaying system, and a and (3 are 
respectively the amplitude and frequency of the noncxponcntial 
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contribution to the decay curve. In other case representative data 
were described by the function [4] 

N(t) = No exp(-t/i)[l + A(t/r)2], (2) 

where A is some nonexponential parameters. 

In our work, it has been proposed that the radioactive decay 
must be described by a mathematical quantity: 

L(t) = nPi(t), i = 0,1,2,.. . (3) 
I 

Where L(t) is the non-decay probability of radioactive nuclei 

L ( t , = ^1 (4) 
No 

and maybe consists of component probabilities Pi(t) of the 
independent decay processes. 

For i = 0 we get the exponential decay law : 

L(t) = Po(t) = exp(-t/i), (5) 

For this reason , the formula (1) describing the oscillation 
behavior would be written as 

L(t) = Po(t)Pi(t), (6) 

where Pi(t) = 1 + asin[}t/T (7) 

The formula (2) according to [1] may be related to the 
interaction of decay products with the environment, is obviously 
given by 
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L(t) = Po(i)P2(t), (8) 

where P:(t) = I + A(t/i)2 , (9) 

We now make the assumption on a complex decay type, in 
which the probabilities Po(t), Pi(t), P2(t) are independent [8], then 
L(t) will be : 

L(t) = Po(t)Pi(t)P2(t), (10) 

or 

L(l) = exp(-l/t)[l +asinpt/ij[l + A(t/x)2 ], (11) 

In order to search for deviations from purely exponential 
behavior we have proposed a continuous kinetic function method 
(CKFM) [9]. The essential of the CKFM is the continuous 
comparison of the decay products in a given time bin 1 with that in 
the same time bin next to it. In mathematical form, it is described by 
the kinetic function S(lj,l) at moment tj. A set of CKFs S(tj,I) with 
constant bin 1 gives a CKF S(t) 

In the simple form, the kinetic function is given as 

S L(i)dt 
S(M,U = ' ^ 0 2 ) 

/ ' L{t)dt 
trkl 

where tj = tCOol , tCool + I. tcool + 21,..., tCOol + nl, tCool is cooling 
time and n an integer. 

A necessary condition for purely exponential decay is that 

S(ti,l) = S(t,l) = "SC(I) = exp(l/T), (13) 
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where " c 0 is the kinetic function for purely exponential decay. It is 
a constant for definite time bin 1 anJ ^ independent of time. 

The deviation from exponential decay curve could be found 
bycomparison of S(t,l) with Se(l). 

In this work we present the results of our studies for 52V in 
which searches were made for deviations from purely exponential 
behavior at any time. This radionuclide is a good candidate for the 
study for some reasons. It has rather simple decay scheme and is 
available in very high chemical purity. The half - life of this isotope 
is not very long and not very short so it is convenient for automatical 
measurement. 

For our studies, we produced 52V by reaction 52Cr (n,p) 52V at 
the NA-3-C neutron generator of the National Centre for Natural 
Sciences and Technology Researches. Immediately after irradiation 
the samples were pneumatically transferred to a 67 cm3 high-purity 
germanium detector. Gamma rays of energy 1,434 MeV were 
recorded by the ND-66B multichannel analyzer functioning in 
multiscaling mode. Timing data were taken in 4096 channel time 
bins of different duration. The acquired data were processed with 
computer by CKFM. The relative error of CKF determined by the 
ratio peak to backgrounds is 0.3 percent at initial measurement and 8 
percents at t = 1000s. The validity of each theory was estimated 
experimentally by the factor of goodness x defined as 

where N(l) and Nj(t) theoretical and experimental decay function 
respectively; c\ - statistical deviation of error. It is clear that the best 
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The experimental decay curve and decay scheme for 52V, is 
demonstrated in Fig. 2. As shown [9], it is important that the 
background was less than analytical data for obtaining reasonable 
results. In the case of time bin 1 = 10s, the ratio of counts in the first 
time bin to background is 9500. 
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F4'. 2: Experimental dcaiy curve and decay scheme for 52 V. 
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The goodness factors for different theories are shown in Table I 

Tabic I. The goodness factors for different formulae with 
definite time bins and intervals. 

Time bin 
width (s) 

40 

50 

60 

Time 
intervals (s) 

40-1000 

50-1000 

60-960 

Goodness factor 

for 
formula 

(5) 

0.662 

0.485 

0.542 

for 
formula 

(6) 

0.572 

0.300 

0.267 

for 
formula 

(8) 

0.280 

0.409 

for 
formula 

(10) 

0.544 

0.249 

0.188 

It is clear that the agreement is the best in the case of complex 
decay described by foimula (10). The goodness factor for the 
exponential function is the highest. 

The experimental and the theoretical kinetic functions 
calculated on formulae (6), (8), and (10) are respectively shown in 
Fig. 3, 4, and 5. The horizontal line 1 corresponds to kinetic function 
of purely exponential decay. Thus, the experimental data do not 
always arrange on this line, especially for the large time. 
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Fig. 3: Experimental unci theoretical kinetic functions 
calculated on formula (6). 
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Fig. 4: Experimental and theoretical kinetic functions 
calculated on formula (8). 
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Fig, 5: Experimental and theoretical kinetic functions 
calculated on formula (10). 
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The nonexponential parameters received by our work are 
shown in Table II. 

Tabic II. Results of the searches for exponential and 
noncxponcntial parameters determined by this work and by 
other authors. 

Exponential & 
nonexponential 

parameters 

T1/2OO 

a 

P 

A 

B\ this work for 
52 V 

226.7 ± 1.7 

226.85 ±1.7 

226.5+1.7 

10-2-10-* 

35 - 125 

10-2- 10-3 

By other for works 

224.8, 225.6,225.9,226.2 

[10] for 5 2V 

l0-2^10-3for60Co[6] 
10-'2forII6In[5] 

10rM010for6()Co[6] 

l-r300for l l6In[5] 

10-*+10-5for56Mn[6] 

10"4 + 10"5 for 7C [4] 

10"7 -s- 10-* for l l6Inf5] 

Our data show that nonexponential behavior of the type 
indicated in \lq. (6) (Fig. 3) occurs even at the time suitable for 
common study of decay curves. Thus, the oscillations of the decay 
curve were observed in this case. The proposed deviations related to 
interaction between decay products and media were also observed. 
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The goodness factor comparison showed that a complex type of 
decay indicated in Hq. (10) is real. 

In conclusion we can say that the continuous kinetic function 
method peunits to find any deviation from exponential decay curves. 
For the experimental curves it is important only that the background 
hould he much less than analytical data for obtaining reasonable 
results. We have performed searches for deviations at normal lime 
suitable for determination of mean lifetimes and analysis of the data 
indicates that 

1. the exponential decay law is not only, but main one of a 
discrete set of possible decay laws; 

2. nonexponential effects may be occur at any lime and 
contribute about or less than a few percent to the decay rate of 52V; 

3. a typical deviations of oscillation behavior of decay curve 
[8] were found in the form of continuous kinetic function like 
horizontal slim buds with symmetrical axis corresponding to the 
exponential decay one; 

4. a complex type of decay is quite real. 

This work is supported by the National Basic Research 
Program in Natural Sciences. 
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