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Abstract 

. The measured data of cross sections for ,97Au(n,3n) and 197Au(n,4n) reac
tions were collected and analysed. The theoretical calculations of above men
tioned reactions, were carried out to predict the data in higher energy region. 
The sets of cross sections for 197Au(n,3n) and 197Au(n,4n) reactions from 
threshold to 50 MeV were recommended on the basis of the experimental and 
calculated data. 

Introduction 

The cross sections of ,97Au(n,3n) and 197Au(n,4n) reactions are very im
portant for monitoring of high energy neutron fields in the context of radiation 
induced material damage research, space radiation effects and neutron 
dosimetry etc.. 

Most of cross sections of 197Au(n,3n) and 197Au(n,4n) reactions have been 
measured by activation method. Part of them have been measured by using a 
large liquid scintillator to detect the emitted neutrons. The measured data were 
only existed below 30 MeV. The data above 30 MeV were supplemented by us
ing theoretic? i calculations. The present work attempts to give a consistent des
cription of cross section data for l97Au(n,3n) and 197Au(n,4n) reactions based 
on available experimental and calculated data. In Sec. 1, the experimental data 
are analysed and evaluated. The model calculations are described in Sec. 2. In 
Sec. 3, the recommended data are introduced. Finally, a summary is given. 

1 Analysis and Evaluation for Experimental Data 

There are several difficulties in cross section measurements for 197Au(n,3n) 
and ,97Au(n,4n) reactions above 20 MeV. One of them is that the neutron 
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fluxes of gas—target source are rather low and the types of reactions induced in 
the samples are numerous. Another difficulties are that the D(d,n) and T(d,n) 
reactions are not monoenergetic neutron sources and the breakup neutrons 
arise from a three-body system when deuterium breakup is energetically possi
ble. The unwanted neutrons will affect measurements if the incident neutron en
ergies are higher than the threshold of the reactions being studied. Five relevant 
references for 197Au(n,3n) reaction and only one reference for 197Au(n,4n) reac
tion were collected. 

The cross sections of 197Au(n,3n) reaction were measured by using 
activation method, except one gadolinium—loaded liquid scintillator method. 
These data are shown in Fig. 1. Most of experimental data were retrieved from 
EXFOR master files, the newly experimental results of CIAE are included. 

Among those experimental data sets for 197Au(n,3n) reaction, 5 laborato
ries provided 34 energy points1'"'51 from 14 MeV to 28 MeV. The collected val
ues were corrected and normalized by using the nice nuclear decay data and 
standard cross sections. We found some information on the shape of cross sec
tions among those measured data. The data of Bayhurst[3i, Lu Hanlint9] and 
Veeser[2] are consistent within errors from 16 to 20 MeV. Meanwhile, the data 
of Bayhurst[3] span a wide energy region ( from 16 to 28 MeV ). There are only 
the data of Bramlitt[41 and Hankla[1], at about 14 MeV both of them deviate 
from the shape of cross section among the measured data. 

The abundance of isotope 197Au in natural gold is 100%. The half-life 
of 195Au is very well known with the value of 183 d, the characteristic gamma 
rays of 99.8 keV of the product has a branching ratio of 9.34 %. Meanwhile the 
half-life of 194Au is 1.625 d and its characters of gamma rays have not changed 
to any significant extent for many years. 

Finally strong gamma-transitions with well—known decay characteristics 
were used, the errors due to uncertainties in decay data were small and were 
within the limits of quoted errors. 

For ,97Au(n,3n) reaction, only part of the measured data can be corrected 
because some authors didn't describe the necessary information in their papers. 
In order to evaluate measured data, the weighting factors of reciprocal of 
squared errors were used. Some errors given by authors were enlarged for get
ting reasonable weighting factors. The evaluated uncertainty in the vicinity of 
threshold is about 25% and about 15% near 30 MeV region. 

As for the measured cross sections for 197Au(n,4n) reaction, there were on
ly 3 data at 3 energy points from 24 to 28 MeV. They are not enough to get a 
fitting curve from threshold to 50 MeV. But the experimental data can be used. 
to adjust the model parameters for the theoretical calculation. 
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2 Experimental Data Needed for Model Calculation 

To supplement the scarce data in high energy range, the program 
SPECl7] was used. First, based on total, nonelastic cross sections and elastic an
gular distribution data of 197Au from EXFOR data, a set of optimum neutron 
potential parameters in energy region 0.5~ 80 MeV was obtained. Second, ad
justing some charged particle optical potential and level density parameters as 
well as taking larger exciton model constant, various calculated nuclear data are 
in good agreement with the experimental data. 

1) For inelastic scattering cross section, the direct reaction contribution 
was considered. The calculated curves can pass through the experimental data. 

2) For (n,y) cross section, the calculated curves are basically agreement 
with the experimental data. 

3) For (n,p) and (n,a) cross sections, the calculated data can reproduce ex
perimental data very well. 

4) For 197Au(n,2n) reaction cross section, there are a large number of ex
perimental data. The data at 14.7 MeV of Lu Hanlint5], Ryves[8], Vonach[9J are 
consistent within errors. Therefore, those experimental data were normalized at 
14.7 MeV. The evaluated values of I97Au(n,2n) reaction were obtained by us. 
The calculated values are in agreement with the evaluated cross sections of 
(n,2n) reaction below 30 MeV. 

According to the model parameters used, the predicated neutron 
reaction I97Au(n,3n) and 197Au(n,4n) cross sections in higher energy region 
were obtained. 

3 Recommended Data ^ 

For 197Au(n,3n) reaction cross section, the experimental data have been 
evaluated below 30 MeV. There are 4 multiple-value sets ( about 32 points ) in 
the energy range 14~ 30 MeV. The calculated data have been given from 
threshold to 50 MeV and closed to the experimental data. 

The evaluated data were performed for above mentioned data by using a 
program of orthogonal polynomial fit from threshold to 30 MeV. The weighted 
factors used in the evaluation were based on the given errors by authors and 
quoted errors by us. The theoretical calculated values were very closed to the 
experimental data. They were almost overlapped with the experimental data be
tween 28 and 30 MeV. Therefore, the calculated data above 30 MeV were rec
ommended. The recommended data for l97Au(n,3n) reaction from threshold to 
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50 MeV were obtained based on experimental and calculated data, and are giv
en in Fig. 1. 

For 197Au(n,4n) reaction cross section, the calculated results were recom
mended based on experimental data by Bayhurst131 and are given in Fig. 2. 
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Fig. 1 Comparison among evaluation data with experimental 

data for Au(n,3n) reaction cross section 
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Fig. 2 Comparison among evaluation data with experimental 

data for Âu(n,4n) reaction cross section 
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