Argonne Nuclear Data Activities

Donald L. Smith Technology Development Division Argonne National Laboratory Argonne, Illinois 60439 E-mail: Donald.L.Smith@anl.gov

Progress Report

U.S. Nuclear Data Program Coordination Meeting Lawrence Berkeley National Laboratory 26-28 April 2000

Abstract

A compilation of information from the literature on the ^{31}P(p,γ)^{32}S reaction was completed and presented in an ANL report. An investigation was conducted concerning an appropriate method for representing large errors in astrophysical reaction rates. It was concluded that the proper statistics was the log-normal distribution. Data acquired at JAERI on ^{238}U photo-fission by 6+-MeV gamma rays from the ^{16}N were analyzed and a journal paper was prepared and accepted for publication. A paper reporting on the examination of hydrogen-producing reaction cross sections for vanadium was published. Work on the production of radioactive ^7Be from neutron-induced sequential chargedparticle reactions on lithium was reported at a conference on materials for nuclear fusion. An experimental investigation of 6+-MeV γ-ray production via the ^{19}F(p,αγ)^{16}O reaction from thick CaF_2 and MgF_2 targets was completed and a paper reporting on the yield and angular distribution results has been accepted for publication. Use of these gamma rays for the detection of sensitive nuclear weapons materials has been investigated. Preliminary results from this work are promising. Measurements of neutron activation cross sections from 16-20 MeV for several new materials were completed at IRMM. A journal article that reports on earlier measurements in this project was published. Finally, a nuclear model parameter sensitivity study has been initiated. Results have been obtained for Cr and V and a paper reporting on this work is in preparation.

Neutron Activation Cross Sections

A journal paper reporting the results of neutron activation cross section measurements during 1996-1998 over the range 16-20 MeV for a variety of materials has been published. A new set of measurements was performed in September/October 1999 at IRMM, Geel, Belgium. This work is part of an on-going collaboration. Data analysis will commence later during FY2000.

Astrophysical Studies

Information on the _{31}P(p,γ)_{32}S reaction has been compiled from the literature in preparation for a comprehensive evaluation of this process. The results of this work are collected in Argonne National Laboratory Report ANL/NDM-140. It is available in printed form and from the Internet at http://www.td.anl.gov/reports/ANLNDMReports.html. An investigation was conducted in collaboration with ORNL to determine the proper statistical representation for large errors in astrophysical nuclear reaction rates. It was concluded that the log-normal probability distribution was appropriate for this purpose.

Gamma Rays from _{19}F(p,αγ)_{16}O

This reaction is a prolific source of 6+-MeV γ-rays when fluorine compound targets are bombarded with protons. Thick-target γ-ray yields and angular distributions resulting from 1.5-4.0 MeV proton bombardment of MgF^2 and CaF^2 were measured in collaboration with Ohio University. A journal paper on the results from this investigation has been accepted for publication. The possibility of employing this radiation source as a means to detect significant quantities of hidden nuclear weapons materials such as deuterium, beryllium, uranium, etc., has been investigated. Preliminary results from this work are encouraging. Significant neutron yields above background, due to (γ,n) and (γ,f) reactions, were observed while tested benign materials gave no significant signal.

Vanadium Hydrogen Production

The production of hydrogen in vanadium by fusion neutrons was investigated and reported in an earlier progress report. A journal paper on this work has been published.

Production of Radioactive _7Be by Sequential Nuclear Reactions on Lithium

Measurements were performed at JAERI, Tokai, Japan, on the generation of radioactive _7Be in bulk lithium exposed to 14-MeV neutrons from nuclear fusion. The production of _7Be involves sequential nuclear reactions. Neutrons initiate the procedure while the second stage involves charged particles generated by primary neutron reactions.

Good agreement between experiment and calculations was observed. Results from this work were reported at a conference on fusion nuclear materials in October 1999.

Parameter Sensitivity Studies for the Development of Nuclear Models

Working with an experimental database acquired from the ANL/IRMM collaboration � augmented with results from the literature � nuclear model calculations are being performed using the statistical/pre-compound reaction code STAPRE. The objective is to identify those sets of parameters that yield good fits to the data. Then, sensitivity parameters are calculated to examine how the results of nuclear model calculations, e.g., the selection of parameters, can be influenced by experimental data.

This � in turn � provides useful guidance on the need for new measurements to better

determine cross-section excitation functions. Results have been obtained to date on neutron reactions for chromium and vanadium from threshold to 20 MeV.