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DETERMINATION OF THE NEUTRON CAPTURE CROSS-SECTION OF *Th INDUCED
BY D-D/D-T NEUTRONS USING THE NEUTRON ACTIVATION METHOD
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Abstract: The 2*?Th(n, y)**Th neutron capture reaction
cross-sections at average neutron energies of 2.5+0.3 MeV
and 14.840.2 MeV from the D-D/D-T neutron generator
have been measurement using the activation method. The
neutron flux was determined using the monitor reaction
38Ni(n,p)3*Co or 2’Al(n,a)*Na. Induced gamma-ray activi-
ties were measured using a low background gamma ray
spectrometer equipped with a high resolution HPGe detec-
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tor. The experimentally determined cross-sections were
compared with the literature data, evaluated data of ENDF/
B-VII, JENDL-4.0, CENDL-3.1 and JEFF-3.1. The Excita-
tion functions of 2*’Th(n,y) reaction were also calculated
theoretically using the TALYS 1.6 computer code. The new
results measured in this work are useful for verifying the
accuracy of nuclear models used in the data evaluations
and practical applications.
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In many archacometric studies to determine the prove-
nance of potteries by means of the elemental composition
the normality is assumed to be desirable. The non-normality
and non-normality features of geochemical variables pro-
vide a challenge for parametric statistical analyses since
normality of datasets is required by many multivariate sta-
tistical methods such as principal components, canonical
correlation, discriminant analyses and MANOVA. In many
published examples of the use of multivariate methods to
archaeometry studies, it is neglected that geochemical data
almost never follow a multivariate normal distribution.
Here, a geochemical dataset was obtained by means of In-
strumental Neutron Activation Analysis (INAA) of archaeo-
logical potteries from Xingo, Sergipe State — Brazil which
was used to demonstrate that in provenance studies, data as
rule, shows neither a multivariate normal nor multivariate
lognormal distribution. In this work, 50 ceramic fragments
and 1 clay sample from Justino site were analyzed by means
of INAA: Cemetery B (25), Cemetery C (25) and one clay
sample collected near to Justino site. Eleven elements (Na,

Lu, YD, La, Th, Cr, Cs, Sc, Fe, Eu and Hf) were used for the
interpretation of the results. A logarithmic transformation
did not produce a multivariate normal distribution and it
was necessary an optimal method of transformation for the
raw data, which is a powerful method of Box-Cox transfor-
mation to dataset closer to multivariate normality. To statis-
tical interpretation, this paper presents the MNV package
from R Software, which can be used to test multivariate nor-
mality by using of measures of multivariate skewness and
kurtosis of Mardia. When the multivariate normality test
was disapproved, then the data was nearly normalized be
means of Box-Cox or logarithmic transformation both mar-
ginally and jointly on the variables. In this paper, we have
selected the parameter of the Box-Cox transformation by
using of Akaike’s information Criterion (AIC). Find trans-
formation to normalize data by means of Box-Cox transfor-
mation, the significance between compositional groups of
pottery specimens from Justino archaeological site could be
tested by Hotelling’s T? statistics (at 5% significance), which
is the multivariate equivalent of the Student’s t-statistics.



