
DETERMINATION OF THE DECAY CONSTANT FOR 

SPONTANEOUS FISSION OF 238U 

M. P. T. LEME, C. RENNER and M. CATTANI 

PUBLICAÇÃO lEA 
' Maio — 1972 

INSTITUTO DE ENERGIA ATÔMICA 
Caixa Postal 11049 (Pinheiros) 

C I D A D E U N I V E R S I T A R I A " A R M A N D O D E S A L L E S O L I V E I R A " 

S A O P A U L O — B R A S I L 



DETERMINATION OF THE DECAY CONSTANT FOR 
SPONTANEOUS FISSION OF 238u* 

M.P.T. Leme, C. Renner and M. Cattani 

Divisão de Física Nuclear 
Instituto de Energía Atômica 

São Paulo - Brasil 

Publicação lEA NO 269 
Maio - 1972 

Separata de "Nuclear Instruments and Methods" - North-Holland Publishing Co., 9 1 , pags. 577-579 
(1971). 



Comissão Nacional de Energia Nuclear 

Pres iden te : Prof .Dr. Hervásio Guimarães de Carvalho 

Universidade de São Paulo 

Re i to r : Prof.Dr. Miguel Reale 

I n s t i t u t o de Energia Atômica 

Di re to r : Prof .Dr. Rômulo Ribeiro Pieroni 

Conselho Técnico-Cient í f ico do lEA 

Prof.Dr. Renato Helios Migl ior in i ) 
Prof .Dr. Jose' Augusto Martins pela USP 
Prof.Dr. Rui Ribeiro Franco ) 
Prof .Dr. Theodoreto H . I . de Arruda Souto ) pela CNEN 

Divisões Didá t i co -Cien t í f i cas 

Divisão de F ís ica Nuclear -
Chefe; Prof.Dr. José Goldenberg 

Divisão de Radioqu.imica -
Chefe: Prof .Dr. Fausto Walter de Lima 

Divisão de Radiobiología -
Chefe; Prof.Dr. Rómulo Ribeiro Pieroni 

Divisão de Metalurgia Nuclear -
Chefe; Prof.Dr. Tharcís io D.S. Santos 

Divisão de Engenharia auímica -
Chefe: Lic . Alcídio Abrão 

Divisão de Engenharia Nuclear -
Chefe: Eng? Pedro Bento de Camargo 

Divisão de Operação e Manutenção de Reatores 
Chefe: Eng? Azor Camargo Penteado Filho 

Divisão de F í s i ca de Reatores -
Chefe; Prof.Dr. Paulo Saraiva de Toledo 

Divisão de Ensino e Formação -
Chefe: Prof .Dr. Rui Ribeiro Franco 

Divisão de F í s i ca do Estado Sólido -
Chefe: Prof.Dr. Shigueo Watanabe 



M U C L U A R I N S T R U M I ; N T S A N D M E T H O D S 91 (1971) 577-579; & N O R T H - H O L L A N D P U B L I S H I N G C O . 

D E T E R M I N A T I O N O F T H E D E C A Y C O N S T A N T FOR S P O N T A N E O U S F I S S I O N O F 

M. P. T. L E M E and C. R E N N E R 

Instiliile of Atomic Energy, S. Paulo {CNEN), Brazil 
and 

M. C A T T A N I 

Inslilule oj Plivsics, Vniucrsity of S. Paiilo^ S. Paulo, Brazil 

Received 26 Oclober 1970 

In this paper Ihe fission Irack mediod is used 10 delermine Ihe 
decay conslanl ?.v for spontaneous fission of -•'•''U. This meihod 
requires Ihe following measuremenis: (a) number of sponlaneous 
fission Iracks of - ' ' ' 'U , (b) number of induced fission (racks of 
-•'•'•'U due 10 thermal neutrons and (c) the thermal neutron fiiix. 

The direcl netilron flux delerminalion is avoided by measuiing 
instead the activity induced by this flux in a material with cross 
section thai obeys the l/u law. Samples of nalural uranium in 
contact with mica sheets remained sealed about four years. The 
d.'cay constant was found to be / K = (7.30 ± 0.161 x lO^ ' " y ' . 

I. [iitrodiicfion 

Fission fragments produce in, minerals like mica, 
glass, etc. trails of radiation damage that, once chemi
cally etched, can be observed with an optical micro
scope'-^). This detection method was used by Fleischer 
and Price-*) and Roberts, Gold and Armani*) for the 
determination of the spontaneous fission decay con
stant of the ^-"^U. As has been pointed out by these 
authors, an accurate value of this constant is desirable, 
for instance, for geochronology''). As is seen in table I, 
there is ao satisfactory agreement between the values 
obtained by several investigators using dilTerent 
methods. 

The purpose of the present paper is to obtain the 
value of using the fission track method. The advan
tages of this method are discussed by Fleischer, Price 
and Walker^). 

Our iTiethod is essentially the same as that of 
Fleischer and Price"*). The density of spontaneous 
fission tracks due to --"^LJ, registered in a mica sheet in 

contact with natural uranium, after a time interval 
(T < | 10" y), is given by'*--"): 

p, = X,TNC''\k{R'-^\cl), ( I ) 

where A' is the number of uranium atoms per unit 
volume, C-^^^ the fraction of ^-^*U atoms in natural 
uranium, d the sample thickness, R^^^ the average 
range of the '•"'U fission in the sample and s{R^^^,cl) 
the detection efficiency for the fission fragments. 

The determination of A' and n{R^^'^,d) can be avoided 
by inducing fission, in the ^^ 'U atoms contained in the 
natural uranium, by irradiating the sample in a thermal 
neutron flux, As the ^^'U fission cross section (T-^^{V) 

for neutron absorption, follows very closely the l/y 
law'-*) (y being the neutron velocity) the density (>•, of 
induced tracks is given by: 

= d>tNC-^'dG'-^'(ii)g^^\Ty{R^^\d), (2) 

where (j) is the thermal neutron flux, / the irradiation 
time, C^'-^ the fraction of ^•'•'*U atoms in the natural 

TABLI; I 
Values of Ihe decay constant Xv. 

Investigators Method Year Ai-

Perfilov'O fission chamber 1947 5.3 ± 0.9 
Segre') fission chamber 1952 8.7 ± 0.3 
K11 roda el al.**) radiocheniical 1956 6.7 + 0.6 
Parker and Ki i roda") radiochemical 1957 8.7 ± 0.5 
Gerl ing el a l . " ' ) radiocheniical 1959 11.9 ± 1 . 0 
Kuz'minov et a l . " ) 1960 10.7 ± 0 . 5 
Fleischer and Price-') SSTR 1964 6.6 ± 0.8 
Fleischer and Price-') ' "K and s'Rb dating 1964 6.9 
Rao and K i i roda ' - l radiochemical 1966 7.8 ± 0.9 
Roberts et al.'i) SSTR 1968 7.03 ± 0.11 
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uranium, v the mean velocity of the thermal neutrons, 
(7^-"{y) the fission cross section of the ^-"^U for neutrons 
with v = i\ T the characteristic temperature of the 
thermal neutron spectrum, g'^'{T) the correction 
factor for the deviation of the o-^'^((;) from the l/y law 
and R''^^ the mean range of the U fission fragments 
in the sample. Within the experimental error we can 
put R"' = /?^-^«. 

The thermal neutron flux is obtained, by measuring 
the activity A induced by the neutrons in gold foils 
which has an activation cross section. t J ' ^ " (o ) obeying 
the \/v law. The flux r/j and the activity A are related by 

TABLE 2 

0 ) 

where g'^"{T) is the correction factor for the deviation 
o?a^"{u) from the I / y law'*) . 

Taking into account eqs. (1), (2) and, (3) and. using 
the relation a(vo)vo =(y{r>)v, which follows from the l / y 

law (where UQ = 2200 m/s), we obtain: 

(4) 

C2:»/c--;3S = 7 25 X 10 - - ' I " ) 

r r ' \ " ( « i ) = (98.8 ± 0.3) b-") 

a23-5{(,„) = (577.1 ± 0.9) b-") 
gA»(T) = 1.008 ± 0.001 " I ) 

g23a(^f) = 0.964 ± 0.003 '•') 

T= (351 ± 8) K'-i) 
T = (4.216 ± 0.001) Y 
A = (1.1460 ± 0.0007) X tO^ i ' 'd pm/alom 

TABLE 3 

Track densities. 
(The areas scanned for the tracks counting were about 2.5 cm-. 
The induced track density pi was normalized to one minute of 

irradiation.) 

Sponlaneous fissions (ps) 
(tracks/cm-) 

Induced fissions (pi) 
(tracks/cm- min) 

Background (pi,) 
(tracks/cm-) 

.Bare 
Cd covered 

2086 ± 30 

3157 ± 17 
180 ± 2 

1 1 2 + I I 

In this way, it is not necessary to know the neutron 

spectrum, exactly. To obtain the correction lactors 

g{T) we have assumed the neutron spectrum to be 

Maxwellian. Since this spectrum was observed to have, 

very nearly, a Maxwellian form'^) this approximation 

introduces \ng(T)a very small error (see table 2). 

2. Measurements and results 

The samples of uranium and mica and the Au foils 
with, approximately 96 ,mg/cm" and a diameter of 8 
mm, were irradiated* in pairs, with and without cad
mium covering to eliminate the epithermal neutron 
influence"). 

The induced activities of the Au foils were measured 
in a 4nP-y coincidence system""""*). 

The fission tracks registered in the mica sheets after 
two hours of chemical etching by H F (49%) at 23°C, 
were counted using an optical microscope with pro
jection screen of 130 x enlargement. 

As the density of fission tracks due to cosmic 
radiation is expected to be negligible we assumed that 
the background track density /),, is due only to the 
fossil tracks. 

Using eq. (4) and taking into account the values for 

C-'=IC"\ ff^"{uo), ff'"(yo,), g'^XT), T, T and A given 

*The irradiation was done in the beam hole B.H.-IO of the 
Institute of Atomic Energy of S. Paulo. 

in table 2 and the values for />^, p¡ and p,, given in 

table 3 we obtain: 

AF = ( 7 . 3 0 + 0.16) 1 0 " " ' y - ' . 

As is seen in table 1, there is a good agreement between 
our i-esult and the results of Kuroda et a l .^ ' ' - ) , 
Fleischer and Price-') and Roberts et al.*). 

We are indebted to Dr. R. Fulfaro for his data of 
temperature and spectrum of the neutrons and to Dr. 
L. P. Moura for her assistance in the activity measure
ments. 
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ABSTRACT 

In this paper the fission track method is used to determine the decay constant, Xp, for spontaneous 
fission of 238u, This method requires the fol lowing measurements: a) number of spontaneous fission tracks 
of 238(j_ b) number of induced fission tracks of 235u due to thermal neutrons and c) the thermal neutron 
f lux. The direct neutron f lux determination is avoided by measuring instead the activity induced by this f lux 
in a material wi th cross section that obeys the 1/v law. Samples of natural uranium in contact w i th mica 
sheets remained sealed for about four years. The decay constant was found to be Xp= ( 7 . 3 0 ± 0 . 1 6 ) 1 0 " ^ ^ y"^, 

R E S U M O 

Neste trabalho, o método dos traços de fissão em sólidos é uti l izado na determinação da constante de 
decaimento, Ap, para a fissão espontanea do 238LI. Este método requer as seguintes medidas: a) número de 
traços de fissão espontánea do 238LI; b)nijmero de traços de fissão induzida no 235u por neutrons térmicos 
e, c) o f luxo de neutrons térmicos. A determinação direta do f luxo de neutrons, entretanto, foi evitada 
através da medida da atividade por ele induzida em um material cuja seção de choque obedece a lei 1/v. 
Amostras de uranio natural em contato com folhas de mica permaneceram seladas durante 4 anos. Obteve-se 
para a constante de decaimento o valor Xp" ( 7 , 3 0 ± 0 , 1 6 ) 1 0 " ' ' 7 aV, 

RÉSUMÉ 

Dans ce travail, on utilise la méthode des traces de fission dans les corps solides pour determiner la 
constante radioactive, Xp, pour la fission spontannée du 238u. 

Cette méthode fait nécessaires quelques mensurations: a) numéro des traces de fission spontannée du 
238u; b) numéro des traces de fission induite dans le 235u par des neutrons thermiques et c) le f lux des 
neutrons thermiques. Cependant, la determination directe du f lux des neutrons a été évitée par la mesure de 
l'activité que le même induit dans un material pour lequel la section efficace obéit à la loi du 1/v. 
Échantillons d'uranium natural en contact avec des lames de mica ont demeurés scellés durant 4 années. Pour 
la constante radioactive on a obtenu la valeur X F = (7.30 ±0.16)10'!^ a^l. 




