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ABSTRACT 

Maxwellian Neutron capture cross sections important for nucleosynthesis processes in stars are 
computed from the recommended individual resonance parameters, as well as from the measured 
energy dependent cross sections. The experimental neutron capture cross sections, spanning the 
energy range from a few keV to about 500 keV are evaluated in the framework of the Lane-Lynn 
capture formalism by including several partial waves in the analysis. In addition, in a few cases, 
the neutron inelastic scattering channels are included. The feasibility of extrapolating the 
calculations to nuclides off the stability line is examined. The effect of stellar temperature in the 
range from 10 keV to 50 keV on the Maxwellian neutron capture cross sections is investigated. 
The Maxwellian capture cross sections at 30-KeV for 93Nb, 12'1, 14'Pr, I5'Sm, '52Sm,154 Sm, and 
'"Ta are computed and are compared with other determinations. 

Accurate knowledge of the Maxwellian average capture cross sections of the various 
naturally occurring isotopes, as well as their variation with neutron energy in a region from about 
10 keV to 60 KeV, is of great importance in the nucleosynthesis models. Furthermore, since a 
computation of Maxwellian capture cross section to nuclide, located in the mass region off the 
stability, is greatly needed, the feasibility and validity of such a computation is examined. 

Since the last compilation and evaluation of these cross sections, which was carried out 
more than ten years ago [ 13, a new detailed examination and evaluation of these quantities is 
warranted. To carry out the present task, several computer programs were written in Fortran and 
SAS languages. These included the following: one dealing with the calculations of the 
Maxwellian capture cross sections in the resolved and unresolved neutron energy regions, 
another with the calculation of the fluctuation factor on the basis of the individual resonance 
parameters, a third dealing with non-linear least squares fits of the available experimental energy- 
-dependent neutron cross section data , and a fourth displaying the results of the analysis in 
graphical forms. 

In the resolved energy regions, the resonance parameters which were recommended in 
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[2 - 31 were considered in the calculation of the contribution tcrr-he Maxwellian capture cross 
section. In the unresolved energy region, the analysis was carried out within the fiame work of the 
Lane-Lynn capture model by including s- p- d- and f-partial waves. In some cases, the open 
inelastic channels were also incorporated in the analysis. The average resonance parameters 
recommended in [2-31 were considered initially and variations within their estimated errors were 
considered for those cases where experimental data are available. 

In Table 1, the present results of the calculations for some representative nuclide such as, 
93 )&, 1271, 141pr IMSm, '52Smy lS4Sm, and '"Ta are presented in column 2 and comparisons with 
other determinations described in column 3 are made. For these nuclides, the dominant 
contribution to the Maxwellian capture cross section is due to the unresolved energy region. For 
lglTa, the cumulative contribution to the Maxwellian capture cross section as a fbnction of 
neutron energy is displayed in Fig. 1. As shown, the contributions from the resolved resonance 
parameters and unresolved energy region are 20 mb and 699 mb respectively. For a 111 reference 
of the quantities in column 3, one can consult [l] . In addition, the present analysis shows that the 
energy dependent cross section data of Konokov et. al. for 150 Sm and '"Sm are inconsistent with 
the average resonance parameters and result in a higheontribution to the Mmellian capture 
cross section. 
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Fig. 1 The cumulative contribution of the Maxwellian capture cross section as a hnction of 
energy for lglTa. 



Portions of tbis document axmy be illegible 
in tlectmdc image products. Images are 
pmduced fim the b s t  available d g i d  
dor?anmt 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, recorn- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect thosc of the United States Government or any agency thereof. 



Plans are underway to re-evaluate the Maxwellian capture cross sections by taking 
into account the available data which were published since about 198 1. 

TABLE 1- Calculated 30-keV Maxwellian Neutron Capture Cross Sections and Comparisons 
With Other Determinations (ref. 1). 

ISOTOPE 0,(30 kev) a,(3O keV) REFERENCE 
(mb) (mb) 
(a) (b) 

NE3 - 93 255 271 f 15 Reffo - 1982 

I - 127 655 625 i 30 Macklin - 1982 

PR- 141 110 119* 19 Taylor - 1979 

I SM- 150 I451 I 447 * 26 I Winters - 1986 I 
I SM - 152 1 400 I 378 f 23 I Beer - 1984 1 
I SM- 154 I 297 I 291 19 I Konokov- 1978 I 

TA- 181 719 726 h 36 Reffo - 1982 

a) Present results . b) Other determinations; for details see [ 11 
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